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A B S T R A C T

An international expert working group representing 37 organisations (pharmaceutical/biotechnology compa-
nies, contract research organisations, academic institutions and regulatory bodies) collaborated in a data sharing
exercise to evaluate the utility of two species within regulatory general toxicology studies. Anonymised data on
172 drug candidates (92 small molecules, 46 monoclonal antibodies, 15 recombinant proteins, 13 synthetic
peptides and 6 antibody-drug conjugates) were submitted by 18 organisations. The use of one or two species
across molecule types, the frequency for reduction to a single species within the package of general toxicology
studies, and a comparison of target organ toxicities identified in each species in both short and longer-term
studies were determined. Reduction to a single species for longer-term toxicity studies, as used for the devel-
opment of biologicals (ICHS6(R1) guideline) was only applied for 8/133 drug candidates, but might have been
possible for more, regardless of drug modality, as similar target organ toxicity profiles were identified in the
short-term studies. However, definition and harmonisation around the criteria for similarity of toxicity profiles is
needed to enable wider consideration of these principles. Analysis of a more robust dataset would be required to
provide clear, evidence-based recommendations for expansion of these principles to small molecules or other
modalities where two species toxicity testing is currently recommended.

1. Introduction

The biopharmaceutical industry recognises the importance of an
ongoing review of the regulatory recommendations for the nonclinical
safety assessment of new investigative drugs. There is a responsibility to
ensure human safety and that individual nonclinical studies and overall
safety strategies reflect advances in the scientific field, such as em-
ploying new technologies (e.g., in silico and in vitro approaches), and the
growing application of mechanistic toxicology to understand molecular
pathways underlying toxic effects. This can also lead to opportunities to
replace, refine and reduce (the 3Rs) the use of laboratory animals when
appropriate. Review of best practices and identification of new and/or

different approaches to safety assessment can enhance predictivity, as
well as reduce animal use through efficiency improvements or
streamlined processes. This may include a requirement for fewer stu-
dies, fewer animals per study or shortened timelines to reach decision-
making milestones. Arguably, such reviews are conducted most effec-
tively when pharmaceutical companies work together to share data and
experience, in concert with regulatory authorities, for example as
contributors to working parties and industry consortia. Recently, con-
sortia have reviewed topics such as nonclinical to clinical data trans-
lation (Monticello et al., 2017), the effectiveness of nonclinical strate-
gies in support of safe clinical trials (Butler et al., 2017), in silico
prediction of toxicities (Briggs et al., 2015) and the most appropriate

Table 1
Relevant extracts from ICH general guidance regarding the species required for general toxicology studies.

ICHM3(R2): Nonclinical Safety Studies for the Conduct of Human Clinical Trials and Marketing Authorization for Pharmaceuticals
5. Repeated dose toxicity studies. In principle, the duration of the animal toxicity studies conducted in two mammalian species (one non-rodent) should be equal to or exceed
the duration of the human clinical trials up to the maximum recommended duration of the repeated-dose toxicity studies.
Recommended Non-clinical Studies to Support Exploratory Clinical Trials. Approaches 1 and 2 describe requirements for a toxicity study in one species, usually rodent

ICHS6(R1): Pre-clinical Safety Evaluation of Biotechnology-Derived Pharmaceuticals
3.3 Animal Species/Model Selection. 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). 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).
Addendum 2.1 General Principles. For monoclonal antibodies and other related antibody products directed at foreign targets (i.e., bacterial, viral targets etc.), a short-term
safety study in one species (choice of species to be justified by the sponsor) can be considered.
Addendum 2.2 One or Two Species. If there are two pharmacologically relevant species for the clinical candidate (one rodent and one non-rodent), then both species should be
used for short-term (up to 1 month duration) general toxicology studies. If the toxicological findings from these studies are similar or the findings are understood from the
mechanism of action of the product, then longer-term general toxicity studies in one species are usually considered sufficient. The rodent species should be considered unless
there is a scientific rationale for using non-rodents. Studies in two non-rodent species are not appropriate. The use of one species for all general toxicity studies is justified when
the clinical candidate is pharmacologically active in only one species.
Addendum Note 2. If two species have been used to assess the safety of the ADC, an additional short-term study or arm in a short-term study should be conducted in at least one
species with the unconjugated toxin. In these cases, a rodent is preferred unless the toxin is not active in the rodent. If only one pharmacologically relevant species is available,
then the ADC should be tested in this species.

ICHS9: Nonclinical Evaluation for Anti-Cancer Pharmaceuticals
2.4 General Toxicology. For small molecules, the general toxicology testing usually includes rodents and non-rodents. In certain circumstances, determined case-by-case,
alternative approaches can be appropriate (e.g., for genotoxic drugs targeting rapidly dividing cells, a repeat-dose toxicity study in one rodent species might be considered
sufficient, provided the rodent is a relevant species).
Q&A Other considerations (applicable to ADCs).
4.3: Are studies with the payload and/or linker only recommended? If the toxicity of the payload or payload with linker has not been characterized, the payload or payload with
linker could be evaluated in one species as a stand-alone study or could be added as an arm into toxicology studies of the ADC.
4.8: If the ADC does not bind the target in the nonclinical species, what repeat dose in vivo toxicity study would be needed? If the epitope is not present in nonclinical test species, a
toxicology study in one species for the ADC should be sufficient.
4.10: Generally, two species are used for toxicology testing. For an ADC, are there situations where one species may be acceptable? When the antibody portion of an ADC binds only to
human and NHP antigens, conducting a toxicity evaluation with the ADC in only the NHP (the only relevant species) would be appropriate, as discussed in ICH S6 (R1). For the
payload, see the response to Question 4.3.
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use of animals to assess toxicity of novel drugs and biopharmaceuticals
(Brennan et al., 2018; Sewell et al., 2017).

In 2016, the UK National Centre for the Replacement, Refinement
and Reduction of Animals in Research (NC3Rs) and member re-
presentatives of the Association of the British Pharmaceutical Industry
(ABPI) formed an international working group to retrospectively review
the utility of toxicology testing in two species for general toxicology
studies, and specifically to investigate whether, in certain circum-
stances, data derived from a single species would be sufficient for safe
progression of a drug candidate through clinical testing. The back-
ground to the project was described in detail previously (Prior et al.,
2018), with the main focus being to explore whether both a rodent and
a non-rodent species are necessary for general toxicology testing, as
currently described by regulatory guidance. Initial questions were
aligned around whether existing opportunities to use or reduce to a
single species at different stages of drug development are being fully
exploited by the pharmaceutical industry and supported by regulatory
authorities and/or whether these opportunities could be expanded into
areas where this is currently not accepted.

1.1. The use of one or two species for toxicity assessment

The number of species used for regulatory toxicity testing of new
medicinal products is based on International Council for Harmonisation
of Technical Requirements for Pharmaceuticals for Human Use (ICH)
guidance (see Table 1, ICHM3R2, 2009; ICHS6R1, 2011ICHS9, 2010),
applied appropriately for specific drug classes and intended therapeutic
applications. For small molecules and other drug modalities developed
according to ICHM3(R2), and drug candidates for oncology indications
for which ICHS9 guidelines apply, studies using two mammalian spe-
cies (i.e., a rodent plus a non-rodent species) are usually recommended
to support clinical development and licensing. Both guidelines also
outline circumstances when a case-by-case approach might be war-
ranted to expedite drug development; in particular a repeat-dose toxi-
city study in a single pharmacologically relevant (rodent) species for
genotoxic drugs targeting rapidly dividing cells (ICHS9). Regulatory
toxicology studies for biotechnology-derived pharmaceuticals (hence-
forth referred to as ‘biologics’) following the ICHS6(R1) guideline such
as monoclonal antibodies (mAbs), should only be conducted in phar-
macologically relevant species, since toxicity is generally driven by
exaggerated pharmacology and/or immunogenicity (Baldrick, 2011;
Brennan et al., 2018). Due to the high selectivity of biologics, often only
one pharmacologically relevant species can be identified. This is fre-
quently the non-human primate (NHP), due to the much higher se-
quence homology between the human and NHP proteome. Conse-
quently, single species toxicology packages for biologics are relatively
common and widely accepted. Nevertheless, if multiple pharmacolo-
gically-relevant species are identified for a biologic, testing in two
species (rodent and non-rodent) is a regulatory recommendation.
Should the toxicology profile in short-term studies (e.g., studies of up to
one month dosing duration, to support phase I clinical trials) in both
species be similar, then longer-term toxicity studies (e.g., studies of up
to six months dosing duration) in a single species, preferably rodent, are
usually considered sufficient to support phase II/III clinical trials
(ICHS6(R1), 2011).

Over the recent decade(s), as technological advances have led to
different approaches and therapies, the diversity of investigative drug
modalities has increased dramatically beyond small molecules and first
generation mAbs. For biologics such as antibody-drug conjugates
(ADCs) (Beck et al., 2017), advanced therapy medicinal products
(ATMPs) (Boran et al., 2017) and biosimilar mAbs (Stevenson et al.,
2017), a case-by-case approach to nonclinical testing is appropriate, in
line with ICHS6(R1) and other regulatory guidelines (Detela and Lodge,
2019; EMA, 2014; EMA, 2018; ICHS9, 2010). Interestingly, testing of
ADCs may involve a two species approach for acute or short-term stu-
dies, regardless of the pharmacological relevance of the rodent species

(usually rat) (Hinrichs and Dixit, 2015). The rat may be used to screen
for the off-target tolerability of the small molecule component of the
ADC, whilst a pharmacologically relevant non-rodent species (usually
NHP) is used for assessment of on-target as well as off-target toxicities.
If both rodent and non-rodent species are pharmacologically relevant,
toxicity studies in two species are recommended in accordance with
ICHS6(R1). Other drug types, such as oligonucleotides and peptides, are
chemically synthesised but can be highly species selective, and there-
fore pharmacological relevance of the toxicology species selected is of
critical importance. Whilst there is no separate guidance for these
products, the nonclinical development path is largely consistent with
that of small molecules (Mustonen et al., 2017). Case-by-case ap-
proaches outside of established guideline recommendations, or where
guidelines are unavailable, are possible following prospective discus-
sions with regulatory agencies on the nonclinical programme designs,
dependent on the therapy area and scientific justification. There are a
limited number of published examples of nonclinical programmes with
no animal toxicology data, particularly for anti-cancer im-
munotherapies (Brizmohun, 2019; English, 2011), where no relevant
toxicology species were identified.

Current drug development practices and regulations are intended to
ensure the most appropriate nonclinical approaches are taken for a new
investigative drug. The established regulatory framework aims to pro-
vide a high level of human (either healthy volunteer or patient) safety,
based on preclinical toxicology data which may involve use of two, one
or even no nonclinical species (Butler et al., 2017). Bearing in mind the
large number of clinical trials performed each year in the US and
Europe alone, serious adverse events (debilitating or requiring hospi-
talisation) in phase I trials are very low, in 0–0.31% of subjects treated
with new investigational drugs (Emanuel et al., 2015). Nevertheless,
the recent trial with BIAL 10–2474, a long acting fatty acid acyl hy-
drolase (FAAH) inhibitor (Chaikin, 2017) illustrates that there can still
be a risk of severe adverse events occurring, despite extensive non-
clinical studies. Although the reasons for this are not fully understood,
the predictivity of nonclinical toxicology data for assessing risk to
human safety is one factor of paramount importance, and the value of
toxicity assessments using animal models is a matter of debate (Bailey
et al., 2015; Mangipudy et al., 2014; van Meer et al., 2012). Other in-
dustry consortia have retrospectively investigated the concordance
between animal toxicity data and human adverse effects. They con-
cluded that when adverse effects were identified in humans, these were
also identified in animals for between 48% (Tamaki et al., 2013) and
71% (Olson et al., 2000) of the dataset. More recently, a separate
project has emphasised positive predictive values (PPV, the proportion
of positive nonclinical findings that had positive clinical findings) as
more relevant for prospective nonclinical to clinical translation
(Monticello et al., 2017). For a dataset mainly consisting of small mo-
lecules (85%), mAbs (9%) and ADCs (3%), they found a PPV of 43%,
which increased when the same target organ was identified in both the
rodent and non-rodent toxicology species. Conversely, the absence of
target organ toxicities in either test species strongly predicted a similar
outcome in the clinic (a negative predictive value of 86%). It should be
noted that there was no intention to assess predictivity of animal
toxicity data within this project, since many of the member organisa-
tions of this working group were already members of the other con-
sortia investigating this further (Monticello et al., 2017).

Historically, human risk assessment based on nonclinical toxicology
data has mostly involved two species (rodent and non-rodent) tox-
icology packages, given that small molecules dominated the drug de-
velopment landscape. With the advent of biologics, human risk as-
sessment based on nonclinical data packages from only one (or
occasionally no) animal species have become much more common.
Whilst there are published case-studies of biologics that are cross-re-
active in two species (Baldrick, 2017; Brennan et al., 2018; Sewell et al.,
2017), there are no published data on the actual prevalence of two
versus one species toxicology programmes, the potential benefit of two
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species toxicology packages or the predictivity of toxicology testing in
two species for biologics across the pharmaceutical industry. Nor are
there any published data on the incidence, potential impact and reg-
ulatory acceptance of reducing the toxicology programme from two to
one species with a biologic when toxicity profiles in short-term studies
are similar, or for genotoxic anti-cancer drugs conducting a repeat-dose
toxicity study in a single rodent species. The definition of what a ‘si-
milar toxicity profile’ in two species actually means remains vague (see
Table 1) and there is a lack of clarity on how to apply this in practice. In
particular, in ICHS6(R1) it is unclear whether or not the absence of
toxicity in two species constitutes a similar toxicity profile. As a con-
sequence, Sponsors may continue to use two species to avoid regulatory
risk and potential delays in development timelines.

1.2. The NC3Rs/ABPI working group objectives

The NC3Rs/ABPI working group comprised experts in nonclinical
safety assessment, representing 25 global pharmaceutical and bio-
technology companies, six contract research organisations (CROs) or
consultants, two academic institutions and four regulatory bodies and
was ledby the NC3Rs. The group shared pre-registration, non-public
domain data on rodent and non-rodent species used for toxicity as-
sessments with any drug candidate in current or former portfolios.
Information was also collected on the key toxicities identified in each
species within studies at different phases of drug development, both in
terms of the specific target organs affected and the impact of the data
on progression of the drug candidate. These data were collected with
the aim of investigating the incidence in similarity of toxicities between
species, in order to perform retrospective assessments as to whether
there had been potential opportunities to reduce from two to one spe-
cies at later stages of development. An important objective was to assess
whether existing opportunities to use a single specieswere being em-
ployed and also to assess if there were wider opportunities, regardless
of the drug modality and independent of the current applicable
guidelines.

2. Methods

2.1. Data collection

The working group designed a questionnaire to collect information
on studies conducted to support safety assessment of any class of mo-
lecule within company portfolios, focussing on the impact/value of data
for decision making from each species used. Following a pilot phase, the
questionnaire was revised, mainly with clarifications to improve in-
terpretation of questions and consistency of responses.

The questionnaire consisted of four main sections:

1) General information on the drug candidate, including modality (e.g.
small molecule, mAb etc.), therapeutic area, current phase of

development (if still in active development), or furthest nonclinical
or clinical phase reached (if no longer in development), and reg-
ulatory guidelines followed. No data were collected that would
allow identification of the drug candidate (such as chemical names
or structures).

2) Information on the species used for general toxicity testing at any
time during discovery and development of the drug candidate, in-
cluding justification of species choice. The default NHP was the
cynomolgus macaque, with other species noted where appropriate.
Where general toxicity studies in rabbit were reported, this was in
conjunction with NHP, for ocular/ophthalmology indications (and
intravitreal dosing route). Those submitting this data confirmed the
rabbit was used as a relevant ‘small animal’ species, in place of a
rodent. As such, rabbit data and result interpretation have been
included in association with rodent data (e.g., Fig. 2b).

3) Information on the toxicity studies in each species, including details
of study design (e.g. study type, Good Laboratory Practice (GLP)
compliance status, dosing duration, route of administration and the
total number of animals used), and summarised (high level) study
results. High level study results included the presence or absence of
any target organ toxicities; the impact this had on progression of the
drug candidate (through internal decision making) was also noted.
The list of drop-down options for the target organ toxicities and the
impact of data from the study are described in Tables 2a and 2b.
Information on the nature, severity or incidence of toxicologically-
relevant findings, achieved exposures or safety margins were not
requested.

4) Several “retrospective”, and potentially subjective, questions about
the package of toxicity studies conducted were also included. These
were a) ‘If you used two species, with the benefit of hindsight, would
you have been able to make the same decisions based on the data
from one species only?’ b) ‘If you used two species, did you reduce to
a single species at any point in the package?’ and c) ‘If you used two
species, what additional value did data from the second species give
you?‘. The question regarding decisions made in hindsight was in-
tended to be answered overlooking current regulatory re-
commendations i.e. the personal opinion of the individual/s com-
pleting the questionnaire. Survey respondents had the opportunity
to provide additional information via free-text comment boxes.

2.2. Data inclusion criteria

To minimise the potential for selection bias, respondents were asked
to start with their most recent molecule (regardless of stage of devel-
opment) from mid-2017 (when the data were collected) working back
to January 2012, to ensure the dataset reflected current guideline

Table 2a
Target organ categories, as defined within the questionnaire (drop-down
menus).

Which target organ systems were affected?

Adrenal glands Bile ducts & liver Clinical chemistry
Clinical signs (please

describe)
Endocrine (thyroid/
pancreas)

Eyes and optic nerve

Female reproductive organs GI tract/stomach/
oesophagus

Haematology

Heart or vascular tissue Immune system# Kidneys & ureters
Lungs & respiratory system Male reproductive

organs
Skeleton

Skin Other (please describe)

# to include effects on the thymus, spleen, lymph nodes and bone marrow.
Multiple option choices were allowed within these questions.

Table 2b
Impact of data from studies, as defined within the questionnaire (drop-down
menus).

What was the impact of data from this study?

Identified toxicities were the primary reason to stop progression
Data contributed to weight-of-evidence to stop progression
Lack of effects in this species gave confidence to progress
Identification of NOAEL in this species gave confidence to progress
Identified toxicities considered acceptable/monitorable for expected indication
Lack of translatability to human (species-specific effect)
Molecule progressed to next phase of animal studies
Contributed to the decision to progress in humans
FIH starting dose was based primarily on results from this study
FIH ceiling dose/exposure cap was based primarily on results from this study
FIH escalation frequency/magnitude was based primarily on results from this study
FIH additional clinical monitoring was included based on results from this study
Phase II doses were based primarily on results from this study
Phase II clinical monitoring was included based on results from this study
Other (please describe further):

Multiple option choices were allowed within these questions.
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recommendations (e.g., to include ICHM3 and ICHS6 revisions).
Companies were requested to provide information on at least five drug
candidates (ideally), or more if available. Criteria for inclusion in the
survey required a completed (reported) package of studies at one of
these phases of development:

1) Pre-FIH: drug candidates having completed early toxicology studies
which may be performed to assist molecule selection and provide
pilot information for the pivotal GLP-compliant studies;

2) FIH: drug candidates having completed the pivotal (generally GLP-
compliant) toxicology studies intended to support a phase I clinical
trial;

3) Post-FIH: drug candidates having completed pivotal GLP-compliant
longer-term dosing toxicology studies intended to support longer
duration clinical trials. The study dosing duration within each of the
phases above differed for individual drug candidates, as appropriate
for each individual programme and drug modality. For example, a 4-
week study may have been conducted to support a small molecule
for the FIH phase and a 13 or 26-week study for post-FIH, whilst a
13-week study may have been conducted for a mAb for FIH phase
and a 26-week study for post-FIH.

The studies suitable for inclusion in the questionnaire were re-
stricted by the working group to general toxicology studies only (i.e.
safety pharmacology, reproductive toxicity, genotoxicity or carcino-
genicity studies were out of scope).

Completed questionnaires were submitted by individual companies
and data were collated and anonymised by NC3Rs before being ana-
lysed by the working group. Any data provided by CROs/consultants
were provided (with permission) from Sponsors not otherwise involved
in the working group (to avoid duplication). Drug candidates were
categorised by molecule type and only included in the dataset if at least
three different companies submitted data on the same drug modality.

2.3. Target organ toxicities

For each molecule, the absence or presence of target organ toxicities
in each study, species and at each phase, were noted. If multiple studies
were performed for the same species within the same phase, and dif-
ferent organs were affected between studies, the total of all target organ
toxicities were recorded for that phase.

For the drug candidates that were tested in two species (rodent and
non-rodent) during the pre-FIH and FIH phase (115 of the 172 drug
candidates), the target organ toxicities were compared between species.
Only the presence or absence of target organ toxicities was collated,
there was no information on nature, severity or incidence of toxicities,
nor achieved exposures or safety margins. Likewise, there was no as-
sessment of the relative importance of a toxicity in relation to other
target organs for decision-making. Compared toxicities were classified
into one of four categories:

1) None: no target organ toxicities identified in both species;
2) Same: toxicities identified in the same target organs in both species;
3) Similar: toxicities identified primarily in the same target organs

(only one additional or different target organ toxicity was identified
in one of the species);

4) Different: toxicities identified in both species; this could either be a)
no target organ toxicities identified in one species and one or more
target organs identified in the other, or b) multiple toxicities iden-
tified in each species with more than one target organ toxicity dif-
ferent between the two species.

For drug candidates with target organ toxicities categorised as si-
milar or different, the species with the highest number of target organ
toxicities was also noted (i.e., rodent, non-rodent or both species if the
same number of toxicities were identified, with unique target organs in
each species).

2.4. A blinded exercise to investigate the potential to conduct post-FIH
studies in a single nonclinical species

An exercise was conducted to test the hypothesis that an assessment
of the toxicities observed in two species during the FIH studies (data
from the pre-FIH and FIH phases) could, in hindsight, inform on the
requirement for two species toxicology testing for the longer-term post-
FIH toxicity studies, or if reduction to a single species would have been
acceptable without increasing risk of missing toxicity findings within
the nonclinical safety decision-making. Panels of six to eight working
group members reviewed results from the pre-FIH and FIH phase an-
imal studies for drug candidates that had been tested in two species and
had progressed to longer-term post-FIH studies (blinded to the latter
data). This included the target organ toxicities identified in each of the

Table 3
Blinded exercise: criteria for the potential to reduce to one species or to retain two species for the longer-term post-FIH toxicity studies.

Working group decision Comparisons with the actual outcomes of the post-FIH toxicity studies

Decision from blinded
exercise#

Concordant Non-concordant Missed opportunity

Drop to one species No effects identified in the two species, or only in
the species chosen to progressa

Different (new) effects in species chosen to drop
(missed potential new toxicities)b

n/a

Retain two species Different (new) effects in both speciesc n/a Effects identified only in one, or
neither speciesd

# participants had access to pre-FIH and FIH toxicology data but were blind to the actual decision made and any post-FIH toxicology data. n/a: option not applicable
for this category.
Concordant: the working group majority consensus decision, based on the available data (which was a supplied summary of the whole data package) were consistent
with the toxicities identified in the longer-term post-FIH toxicity studies.
Non-concordant: the working group majority consensus decision, based on the available data (which was a supplied summary of the whole data package) were
inconsistent with the toxicities identified in the longer-term post-FIH toxicity studies.

a Decision to drop to one species could be considered as low impact on nonclinical assessment of risk to humans, as no effects were identified in either species, or
only in the species chosen to progress, in the longer-term post-FIH toxicity studies.

b Decision to drop to one species could be considered as potential risk to human safety, as effects were identified in the species chosen to drop (missed potential
toxicities).

c Decision to retain two species could be considered as low impact on nonclinical assessment of risk to humans, as effects were identified in both species used in the
longer-term post-FIH toxicity studies.

d Decision to retain two species could be considered as low impact on nonclinical assessment of risk to humans, as effects were identified in only one, or neither
species used in the longer-term post-FIH toxicity studies, however, this is a missed opportunity to reduce to one species.
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studies, along with the impact of data from each study on drug candi-
date progression (used for internal decision-making). The panels dis-
cussed the data to form a consensus opinion on whether the next
(longer-term post-FIH) series of studies could have been performed in a
single species, and to propose which species they would have chosen for
these toxicity studies. The use of one species was considered acceptable
if there were either no, the same, or similar toxicities from the totality
of data available from pre-FIH and FIH studies. The rodent, rather than
non-rodent, would be the species progressed if appropriate (as per the
current ICHS6(R1) guideline, but expanded for this exercise to include
any drug modality). The use of one species was also considered ac-
ceptable where the toxicities in two species at FIH were classified as
different, when the difference was the absence of toxicities in one
species but presence of toxicities in the other; the most-sensitive species
was progressed in such cases. The actual results from the longer-term
post-FIH studies were then revealed and the views reached by the panel
were assessed for concordance relative to the toxicities observed, as
outlined in Table 3.

3. Results

3.1. Overview of the dataset

Data were collected from 18 different pharmaceutical and bio-
technology companies, including some submitted through CROs/con-
sultants. Five or more drug candidates (with a mean of ten) were sub-
mitted to the dataset by 15 companies. The analysed dataset consisted
of 172 drug candidates that met the inclusion criteria: 92 small mole-
cules, 46 mAbs, 15 recombinant proteins, 13 synthetic peptides and 6
ADCs (Fig. 1a; comprising 53%, 27%, 9%, 8% and 3% of the total da-
taset, respectively).

The dataset included the following demographic information:

⁃ The drug candidates were representative of a wide range of ther-
apeutic areas, with oncology, central nervous system (CNS) and
immunomodulatory indications being the most highly represented
(Fig. 1b).

⁃ Approximately one half (54%) of the drug candidates were defined
as at the FIH stage (93/172 drug candidates), with 32 drug candi-
dates at the pre-FIH stage (19%) and 47 drug candidates at the post-

FIH stage (27%; Table 4).
⁃ Approximately two-thirds (66%) of the drug candidates (114/172)
were in active development while development of the remaining 58
drug candidates had been stopped (Table 4). The most common
explanation for development having been stopped was nonclinical
toxicology findings - the case for 13 pre-FIH, 16 FIH and 2 post-FIH
drug candidates (Fig. 1c and Fig. 1d). This corresponds to 40%, 17%
and 2% of all molecules at each of these stages respectively, or 87%,
43% and 33% of the stopped drug candidates at each of these stages
respectively.

3.2. The number of nonclinical species used

For the majority of drug candidates, toxicology studies were con-
ducted in either one or two species for the entire package, with drug
candidates reaching varying stages of development (as described in
section 3.1). For a small number of drug candidates (8/133), initial
toxicology studies were conducted in two species, whilst studies sup-
porting later stages of development were conducted in only one species.
No drug candidates within the database used more than two species
within the package.

3.2.1. Use of a single nonclinical species
Toxicology studies were conducted using only one species for 39

drug candidates (Fig. 2a): 3 small molecules, 32 mAbs, 3 recombinant
proteins and 1 ADC (3%, 70%, 20% and 17% of each molecule-type,
respectively). The single nonclinical toxicology species was a rodent for
4 of these drug candidates, whilst for 35 drug candidates it was a non-
rodent:

⁃ Small molecules (3 drug candidates): toxicology studies were con-
ducted in rat only for two small molecules, with development ter-
minated following pre-FIH studies. For the other small molecule,
only the dog was used; however, development was terminated after
conducting the FIH-enabling toxicology studies.

⁃ mAbs (32 drug candidates): for the majority (30 mAbs) only the
NHP was used for toxicology studies. Of the two exceptions, one
drug candidate used a transgenic mouse model (in active develop-
ment following post-FIH studies) and rat was used for the other (in
active development following FIH-enabling toxicology studies).

Fig. 1a. Total number of drug candidates per molecule type within the dataset. Number
(n) of organisations submitting data for the specific molecule type is shown in parenthesis.
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⁃ Recombinant proteins (3 drug candidates): all used NHP only. One
in active development following pre-FIH studies, another in active
development following FIH studies and the third (using rhesus
macaque) was stopped following FIH studies.

⁃ ADC (1 drug candidate): only NHP used and development was ter-
minated after pre-FIH studies.

Fig. 1b. Therapeutic indications of the molecules within the dataset. Others*
includes “not disclosed” (3), “bleeding disorders/haematology” (2), “urology” (3), “gastrointestinal” (1) and “gynaecology” (1).

Table 4
Distribution of molecules (n = 172) across the three phases of development.

Number of molecules in active development Number of molecules stopped in development

Pre-FIH FIH Post-FIH Total Pre-FIH FIH Post-FIH Total

Small molecule 12 26 25 63 11 18 0 29
Monoclonal antibody 0 19 10 29 1 11 5 17
Recombinant protein 3 4 1 8 1 5 1 7
Synthetic peptide 2 3 5 10 0 3 0 3
Antibody-drug conjugate 0 4 0 4 2 0 0 2

Total for phase 17 56 41 114 15 37 6 58

Pre-FIH: molecules that have completed early toxicology studies which may be performed to assist molecule selection and provide pilot information for the pivotal
GLP-compliant studies.
FIH: molecules that have completed pivotal GLP-compliant toxicology studies intended to support a phase I clinical trial.
Post-FIH: molecules that have completed pivotal GLP-compliant long-term toxicology studies intended to support longer duration clinical trials.

Fig. 1c. Primary reason for stopping molecules during development – by molecule type. Business
reasons*
includes three separate categories from the questionnaire: “not or no longer lead molecule”, “competitive landscape” and “rationalisation of company portfolio”.
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3.2.2. Use of two nonclinical species
Toxicology studies had been conducted in two species (a rodent/

lagomorph and non-rodent) for the remaining 133 drug candidates
(Fig. 2a): 89 small molecules, 14 mAbs, 12 recombinant proteins, 13
synthetic peptides and 5 ADCs (97%, 30%, 80%, 100% and 83% of each
molecule-type, respectively). Overall the rat was the predominant ro-
dent species (Fig. 2b), whilst dog and NHP were the main non-rodent
species (Fig. 2c):

⁃ Small molecules (89 drug candidates): rodent species was pre-
dominantly rat (83 drug candidates), with wild-type mouse being
used for a further 5 and rabbit for another 1 small molecule (90%,
5% and 1% of small molecules, respectively). The non-rodent spe-
cies was mainly dog (59 drug candidates) or NHP (29 drug candi-
dates, including one rhesus macaque), whilst minipig was used for
only 1 small molecule (64%, 32% and 1% of small molecules, re-
spectively).

⁃ mAbs (14 drug candidates): NHPs were always the non-rodent
species. There was more variation in rodent species (Fig. 2b), in-
cluding rat (7 mAbs), wild-type mouse (2 mAbs) and transgenic
mouse (3 mAbs). A further two mAbs used rabbit as a second non-
rodent species, as a relevant small animal model for the intravitreal
dosing route.

⁃ Recombinant proteins (12 drug candidates): rat (9 drug candidates)

and NHP (10 drug candidates, including rhesus macaque for one)
were used predominantly; wild-type mouse (3 drug candidates) and
dog (2 drug candidates) were also used.

⁃ Synthetic peptides (13 drug candidates): rat was the rodent for al-
most all (12 drug candidate) studies, with the wild-type mouse used
for 1 drug candidate. The non-rodent species was almost equally
split between dog (7 drug candidates) and NHP (6 drug candidates).

⁃ ADCs (5 drug candidates): For all the ADCs, NHP was the non-rodent
species, with the rat used as the rodent species in 4 cases and wild-
type mouse in the other.

3.2.3. Reduction to a single species
For a small number of the drug candidates (8/133) for which two

species were used during pre-FIH or FIH toxicology studies, reductions
to one species were made later in development (Table 5):

⁃ Small molecule (1 drug candidate): this was in active development;
post-FIH studies were performed in dog only, whereas earlier studies
were performed in rat in addition to dog.

⁃ mAbs (5 drug candidates): for two mAbs, still active in development
at post-FIH stage, post-FIH studies were performed in rat only, the
NHP having been dropped after FIH studies. For three further mAbs,
use of the rodent/lagomorph was dropped after initial pre-FIH or
FIH studies, and further studies used NHP only; one of these was still

Fig. 1d. Primary reason for stopping molecules during development – by progression stage. Business
reasons*
includes three separate categories from the questionnaire: “not or no longer lead molecule”, “competitive landscape” and “rationalisation of company portfolio”.

Fig. 2a. Number of species used for different molecule types in any phase.
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in active development at the FIH stage.
⁃ ADCs (2 drug candidates): both were still in active development.
FIH-enabling toxicity studies were conducted in NHP only, while
earlier studies also included the rat for one molecule, and wild-type
mouse for the other.

3.3. The value of data derived from the use of two nonclinical species

For 125/133 drug candidates, two species were retained throughout
all stages of development. For these molecules, respondents were asked
whether, with the benefit of hindsight, decisions could have been made
using only one species (Fig. 2d). From 122 responses received (a re-
sponse rate of 98%), for 81 drug candidates (66%) it was stated that in
hindsight, decisions could have been made from a single species, with
similar responses noted for the different drug modalities: 56 of the 85
small molecules (66%), 8 of the 9 mAbs (89%), 7 of the 12 recombinant
proteins (58%), 8 of the 13 synthetic peptides (62%) and 2 of the 3
ADCs (67%). Respondents were asked which species they would have
selected for progression. There was no clear trend for which species was
felt to provide the most useful data, regardless of drug modality. Of the
56 small molecules, the rodent was chosen for 25 (45%) and the non-
rodent for 31 (55%), while for biologicals, the number of molecules was
insufficient to draw robust conclusions.

3.4. Target organ toxicities at the FIH stage

Two species were used in pre-FIH and FIH studies for 115 drug

candidates: 75 small molecules, 13 mAbs, 11 recombinant proteins, 12
synthetic peptides and 4 ADCs. There were either no, the same, or si-
milar target organ toxicities in both species for 45 of these drug can-
didates: 24 small molecules (32%), 11 mAbs (85%), 4 recombinant
proteins (36%), 5 synthetic peptides (42%) and 1 ADC (25%)
(Table 6a). For a subset of molecules being developed for the treatment
of advanced cancer and following ICHS9, including 18 small molecules,
2 mAbs and 4 ADCs, the majority of the small molecule subset (15 or
83%) and ADCs (3 or 75%) displayed different toxicities between the
species evaluated. The 2 mAbs displayed no toxicities in either species.

For the 11 drug candidates for which ICHS6(R1) was being followed
and post-FIH studies had been conducted, 5 (2 mAbs, 1 recombinant
protein and 2 synthetic peptides) showed different target organ toxi-
cities across the two species used at the FIH stage. For the other 6 drug
candidates (4 mAbs, 1 recombinant protein and 1 synthetic peptide),
either the same, similar or no toxicities were observed across species in
toxicology studies at the FIH phase. Despite this, only 2 mAbs were
tested in a single species for the longer-term post-FIH studies.

There were 8 drug candidates (1 small molecule, 5 mAbs and 2
ADCs) that did reduce to one species for later (FIH or post-FIH) studies
(Table 6b). For three mAbs, there were either no toxicities or the same
target organtoxicities were recorded in both species at the preceding
stage, and these drug candidates then progressed with toxicology stu-
dies in rodent only. For two other mAbs, toxicities were different in the
two species, with more target organs identified in the non-rodent. As a
result, the non-rodent was the species of choice for longer-term studies.
For the ADCs, toxicities across the two species were the same for one

Fig. 2b. Rodent/lagomorph species used for dif-
ferent molecule types
Totals for each species are the sum of molecules
using only one species (see section 3.2.1) and
molecules using two species (see section 3.2.2).
For example, 2 small molecules used only a ro-
dent, as shown in Fig. 2a (the rat) whilst 83 used
the rat in addition to a non-rodent, combining as
85 small molecules using rat displayed in the
figure above. For each molecule type, the total
number of molecules is identified in parenthesis;
this number provides the denominator to calculate
% values that are presented in the results text.

Fig. 2c. Non-rodent species used for different
molecule types
Totals for each species are the sum of molecules
using only one species (see section 3.2.1) and
molecules using two species (see section 3.2.2).
For example, 30 mAbs used only a non-rodent, as
shown in Fig. 2a (the NHP) whilst 14 used the
NHP in addition to a rodent/lagomorph, com-
bining as 44 mAbs using NHP displayed in the
figure above. For each molecule type, the total
number of molecules is identified in parenthesis;
this number provides the denominator to calculate
% values that are presented in the results text.
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and different for the other, with more target organs identified in the
non-rodent (NHP), which was the species that progressed in both cases.
For the small molecule, toxicities were different at the preceding FIH
stage, with more target organs identified in the rodent (rat). However,
the non-rodent (dog) was progressed into longer-term studies as this
was deemed more appropriate to assess a specific toxicity (cardiovas-
cular-based), even though more toxicities had been observed in the
rodent (this information was provided within the free text section of the
questionnaire).

3.5. Blinded exercise investigating the potential for post-FIH studies to be
conducted in a single nonclinical species

There were 38 drug candidates that had used two species at the FIH
stage and progressed to longer-term post-FIH studies: 35 of these (23
small molecules, 6 mAbs, 2 recombinant proteins and 4 synthetic
peptides) were assessed within an exercise to determine if, retro-
spectively (and with the benefit of hindsight), single species toxicology
testing could have been considered for the longer-term (post-FIH) stu-
dies based on FIH data. There were insufficient data for the remaining 3
drug candidates, and therefore these were excluded from the exercise.

The panels of working group members decided it should have been
possible to decrease to one species for the longer-term studies for 14

small molecules, 5 mAbs and 3 synthetic peptides (Table 7a). When the
longer-term study data was unblinded, these decisions would have
presented a low impact on human risk assessment for all the mAbs and
synthetic peptides, but only for 9 of the small molecules (64%), as there
wereno toxicities in either of the two species used in the longer-term
studies, or toxicities were only identified in the species chosen to pro-
gress. For the remaining 5 small molecules, toxicities were identified in
the ‘dropped’ species (detailed in Table 7b), and therefore this decision
would have missed these potential new safety concerns.

The panels also made the hypothetical decision to retain two species
for the longer-term studies for 9 small molecules, 1 mAb, 2 recombinant
proteins and 1 synthetic peptide. For 7 (78%) of the small molecules
and for 1 recombinant protein, this decision was concordant, as new
toxicities were subsequently identified in both species in the longer-
term studies. For the remaining 5 drug candidates (2 small molecules, 1
mAb, 1 recombinant protein and 1 synthetic peptide), there were no
toxicities identified in either one or both species in the longer-term
studies. For these molecules, the post-FIH toxicity evaluation would
have been informed using one species, with a low impact on human risk
assessment. As such, these cases were considered to be missed oppor-
tunities to reduce to one species.

Table 5
Numbers of molecules using two species (n = 133) that reduced to one species (n = 8) at one of the three phases of development.

Guidelines followed# Molecules at pre-FIH that reduced
to one species

Molecules at FIH that reduced to
one species

Molecules at post-FIH that reduced
to one species

Total ICHM3 (R2) ICHS6(R1) ICHS9

Small molecule 89 68 – 21 0/21 0/43 1a/25
Monoclonal antibody 14 – 14 – 1b/1 2c/7 2d/6
Recombinant protein 12 – 12 – 0/3 0/7 0/2
Synthetic peptide 13 3 10 – 0/2 0/6 0/5
Antibody-drug

conjugate
5 – 2* 3 0/1 2e/4 –

# Regulatory pathway followed, in addition to ICHM3(R2). Molecules within column ‘ICHM3(R2) were only following those guidelines.
* these compounds also followed ICHS9 guidelines. -: no molecules in this category.

a molecule (for a bleeding disorder) still active in development; progressed in dog only (previous studies in rat also).
b molecule (ocular/ophthalmology indication) had stopped development; progressed in NHP only (previous studies in rabbit also).
c one mAb (for a CNS indication) was still active in development. This progressed in NHP only (previous studies in transgenic mouse with a surrogate molecule).

The other mAb (for a respiratory indication) had stopped development. This had progressed in NHP (previous studies in wild-type mouse also).
d both mAbs (for a CNS indication and the other undisclosed indication) were still active in development. These progressed in rat only (previous studies in NHP

also).
e both ADCs (for oncology indications) were still active in development. They progressed in NHP only (previous studies in rat for one ADC and wild-type mouse for

other).

Fig. 2d. Survey responses to the question ‘For the
development of molecules in which two species
were used, would the same decisions have been
able to be made with data from one species only
(in hindsight)?‘
Yes or No answers to the survey question ‘If you
used two species, would you have been able to
make the same decisions with data from one spe-
cies only (in hindsight)? If Yes, which species was
decision-making?‘. Data are for the 125 com-
pounds that used two species and had not reduced
to one species (for three small molecules using
two species, this question was not answered). For
one mAb and three synthetic peptides the answer
was Yes, but the decision-making species was not
specified (defined as ‘Yes, species not specified’ in
the figure above).
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4. Discussion

The primary purpose of the expert working group was to identify if
there are wider opportunities for use of a single nonclinical species in
toxicology programmes, regardless of drug modality, relevant reg-
ulatory guidance and/or phase of drug development. To enable this,
data were provided by eighteen different pharmaceutical and bio-
technology companies, mainly based in the USA and Europe (53 and
44% of drug candidates in the dataset, respectively) and Japan, gen-
erally representing larger multi-national companies. In order to reduce
potential for selection bias, contributors were asked to provide in-
formation for their most recent drug candidates to have completed at
least one of three phases of development (pre-FIH, FIH or post-FIH).
Information was subsequently supplied on molecules for a wide variety
of therapeutic indications, spread across the three development phases.
Whilst this could not entirely exclude the possibility of some selection
bias regarding the most recent molecules, this is a common limitation of
these types of data-sharing activities and as such should be viewed as
providing a snap-shot of current industry practice. Additionally, the
small sample sizes for some of the drug modalities and development
phases has limited the conclusions that can be drawn. Nevertheless, the
balance of drug modalities that data were provided for (53% small
molecules and 47% biologics) and their associated range of therapeutic
indications were considered by the working group as a reasonable re-
presentation of the industry, especially since two-thirds of the data
were derived from drug candidates in active development at the time of
the review. For drug candidates that were no longer in development,

nonclinical toxicology findings were responsible for 87% of drug can-
didates terminated pre-FIH, and for 43% of drug candidates stopped at
the FIH stage. Since a primary purpose of toxicity studies is identifi-
cation of hazards to humans and risk assessment, this is not an un-
expected outcome, and demonstrates the key role such studies play in
successfully ensuring safety for phase I trials. These figures are con-
sistent with those from other reports (Waring et al., 2015) and signify

Table 6a
Target organ toxicities identified in the two species during pre-FIH and FIH toxicity studies.

Target organ toxicities in the two species

None Same Similar Different If similar: species with the most toxicities If different: species with the most toxicities

Small molecule (75) 3 11 10 51 Rodent (4); Non-rodent (4); both* (2) Rodent (23); Non-rodent (15); both (13)
Oncology products (18)# – 2 1 15 Rodent (1) Rodent (7); Non-rodent (6); both (2)

Monoclonal antibody (13) 8 3 – 2 – Non-rodent (1); both (1)
Oncology products (2)# 2 – – – – –

Recombinant protein (11) 1 1 2 7 Rodent (1); Non-rodent (1) Rodent (4); both (3)
Synthetic peptide (12) 4 – 1 7 Non-rodent (1) Rodent (4); Non-rodent (2); both (1)
Antibody-drug conjugate (4)# – 1 – 3 – Rodent (2); Non-rodent (1)

*both: little or no overlap in target organ toxicities in the two species.
-: no molecules in this category.
#These molecules intended for oncology indications were following ICHS9 guidelines. Subset of the total small molecules or monoclonal antibodies.
Definitions of the table categories.
None = no target organ toxicities identified in both species.
Same = toxicities identified in the same target organs in both species.
Similar = toxicities identified primarily in the same target organs (only one additional or different target organ toxicity was identified in one of the species).
Different = No target organ toxicities identified in one species and one or more in the other, or multiple toxicities identified in each species with more than one target
organ toxicity different between the two species.

Table 6b
Target organ toxicities identified in the two species for the eight molecules that reduced to one species at FIH or post-FIH phases#.

Target organ toxicities in the two species (and species that progressed)

None Same Similar Different If different, species with the most toxicities

Small molecule – – – 1 (non-rodent) a rodent
Monoclonal antibody 2 (rodent)b 1 (rodent)c – 2 (non-rodent)d non-rodent
Antibody-drug conjugate – 1 (non-rodent)e – 1 (non-rodent)e non-rodent

#as identified in Table 5.
-: no molecules in this category.

a molecule was still active in development (post-FIH); as the different effects were cardiovascular-based, the non-rodent (dog) was progressed as this was deemed
more appropriate for cardiovascular assessments, even though more toxicities had been observed in the rodent.

b both mAbs were still active in development (one at FIH, the other at post-FIH).
c molecule was still active in development (post-FIH).
d both mAbs had stopped development (one at pre-FIH, the other at FIH).
e ADC was still active in development (FIH).

Table 7a
Blinded exercise: outcomes for the potential to reduce to one species or to retain
two species for the longer-term post-FIH toxicity studies.

Working Group Decision Concordant Non-concordant Missed opportunity

Small molecules
Drop to one species 14 9 (64%) 5 (36%) n/a
Retain two species 9 7 (78%) – 2 (22%)
Other molecules∗

Drop to one species 8 8 (100%) – n/a
Retain two species 4 1 (25%) – 3 (75%)

See Table 3 for concordant and non-concordant definitions.
n/a: option not applicable for this category.
-: no molecules in this category.

∗ The mAbs, recombinant proteins and synthetic peptides have been collated
into an ‘other molecules’ category. The eight molecules with decisions to ‘drop
to one species’ were five mAbs and three synthetic peptides. The four molecules
with decisions to ‘retain two species’ were one mAb, two recombinant proteins
and one synthetic peptide. The concordant molecule was a recombinant pro-
tein.
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that with the current nonclinical paradigm, a large proportion of drug
candidates fail to reach the clinic due to toxicology findings in non-
clinical animal studies, often at relatively late stages in drug discovery.
Unfortunately, the relevance and translatability of nonclinical findings
is not always clear and hence is why the current approach is con-
servative. However, the second most common explanation for stopping
development (27% of stopped drug candidates at FIH) was for business/
strategic reasons (no longer the lead molecule selected, competitive
landscape or rationalisation of company portfolio). As previously
highlighted (Morgan et al., 2018; Waring et al., 2015) this indicates
that drug company portfolios are continually being re-evaluated stra-
tegically, such that factors other than adverse nonclinical findings often
contribute to termination of drug candidates in development.

4.1. Nonclinical species used for development of small molecules

The small molecules were being developed following ICHM3(R2) in
general, or in conjunction with ICHS9 for drug candidates for advanced
cancer indications. These guidelines generally expect two species to be
used for toxicity testing (rodents and non-rodents), with no explicit
wording around opportunities for reducing to one species, other than
case-by-case approaches within ICHS9. The species used for toxicity
testing of small molecules in the dataset reflect those of other industry
reviews (Baldrick, 2008; Butler et al., 2017), in that rat, dog and NHP
are the predominant species used (92%, 65% or 32% of small mole-
cules, respectively). Interestingly, minipig was used for only one small
molecule, which would appear to be an under-representation of the use
of this species for toxicology testing across the industry (Colleton et al.,
2016; Heining and Ruysschaert, 2016; Monticello et al., 2017). Dis-
cussion within the working group indicated that some companies cur-
rently use, or are considering use of, minipig as the non-rodent species
for toxicology testing, and therefore it is unclear why minipig data for
only one drug candidate was submitted. It is possible that the retro-
spective nature of the dataset may not reflect a more recent transition to
using minipig as a non-rodent species for toxicology testing and this
may warrant more investigation.

There were three examples of a small molecule tested in a single
species only. For two of these, only pre-FIH studies were conducted (in
rodent) and development was stopped due to the toxicology findings,
prior to the start of studies in a non-rodent, a common approach taken
for early toxicity screening (Roberts et al., 2014). The other small
molecule was tested in dog only, and development was stopped after
FIH-enabling toxicology studies. No further information was provided
to explain the use of this single species. With one further small mole-
cule, FIH-enabling toxicology studies were conducted in two species
(rat and dog), with longer-term post-FIH studies conducted in the dog
only; this molecule was for a bleeding disorder and was still in active
development. The exact reasons for reducing to a single species with
this small molecule were not recorded within the survey, although since
the primary toxicity of concern appeared to be cardiovascular-based,
the dog was considered a more appropriate species for further in-
vestigation. Overall, these cases indicate that for a very small number of
drug candidates, and for specific circumstances that are unclear from
the data, companies have been able to scientifically justify novel
package designs outside the established guideline recommendations, at
least for internal decision-making.

4.2. Nonclinical species used for development of biologics

All 46 mAbs, 15 recombinant proteins and 6 ADCs, as well as most
(10 out of 13) of the synthetic peptides, followed the principles outlined
in ICHS6(R1)and ICHM3(R2). For the majority of the mAbs (30), 3
recombinant proteins and 1 ADC, toxicity studies were performed in
NHP only. However, there were two examples of mAbs where only a
rodent species was used. One mAb, in active development for an im-
munomodulatory indication, conducted the toxicology data package

(up to 26-week studies) using a transgenic mouse model only. No fur-
ther information was provided about the human-specificity of this mAb
or why none of the conventional rodent and non-rodent species were
pharmacologically relevant. The other mAb, in active development for
an anti-infective indication, used rat only for the FIH-enabling study (a
14-day study only, as outlined in ICHS6(R1) as sufficient for foreign
targets). Further information provided indicated that as no orthologous
target existed in any nonclinical species, the rat was used to assess off-
target toxicities at and above anticipated human exposures.

For the remaining 14 mAbs, 12 recombinant proteins, 10 synthetic
peptides and 5 ADCs (53% of the drug candidates following ICHS6(R1)
within the dataset) toxicity studies were performed in two species. For
mAbs, this equates to 30% of the mAbs within the dataset with cross-
reactivity to two species, consistent with working group member ex-
perience, but not previously published from a cross-industry perspec-
tive. Of the eleven different companies which submitted mAb data,
seven provided data on drug candidates that were tested in two species.
Multiple pharmacologically-relevant species for biologics raises a 3Rs
challenge: when two species toxicology with biologics is required, this
results in higher animal use overall. However, when only one phar-
macologically relevant species is identified, this tends to be the NHP,
(as confirmed in the current dataset). Whilst overall animal use would
be lower, especially as smaller group sizes are generally employed
(compared to rodent studies), selection of the NHP as the toxicology
species should always be a balance between robust scientific justifica-
tion (including demonstrable lack of suitability of any other species)
and ethical considerations. Multi-species cross-reactive drug candidates
offer other options to reduce NHP use during development, through
early toxicity screening in rodents and potentially by reduction to a
single rodent species for longer-term post-FIH toxicity studies. In ad-
dition, rodent crossreactivity would allow additional evaluations
without NHP use, in particular reproductive, developmental or juvenile
toxicity assessments, if warranted.

The use of two species in toxicity studies with recombinant proteins,
synthetic peptides and ADCs reflects approaches which combine the
principles outlined in ICHM3(R2) and ICHS6(R1). Although there is a
lack of specific regulatory guidance for therapeutic peptides/proteins,
the seven different companies which provided data for these drug
modalities followed a similar approach and generally used two species
within the toxicology package. For the three recombinant proteins that
were assessed using only a single species (NHP), survey data indicated
that this was the only pharmacologically-relevant species.

Five of the biologics (2 ADCs and 3 mAbs) tested in two species for
pre-FIH or FIH studies, used NHP only for subsequent general tox-
icology studies. The reasons for these decisions were not stated, al-
though for ADCs it is common for only short-term rodent studies to be
conducted to explore off-target toxicities of the small molecule payload.
Two further mAbs reduced to rodent only for longer-term post-FIH
studies. For these, target organ toxicities identified at FIH in the rodent
and NHP were absent or identical, thus fulfilling the criteria of similar
as outlined within ICHS6(R1) and the principle that rodent is preferred
to the non-rodent if there are no other reasons driving species selection.
However, 9 other molecules following ICHS6(R1) retained both rodent
and non-rodent species for longer-term post-FIH studies (4 mAbs, 2
recombinant proteins and 3 synthetic peptides). Target organ toxicities
identified at FIH in two species were different for five of these mole-
cules (2 mAbs, 1 recombinant protein and 2 synthetic peptides), which
likely contributed to the decision to continue in two species for the
post-FIH studies, although no further information was provided within
the surveys to confirm this. However, the remaining 4 drug candidates
(2 mAbs, a recombinant protein and a synthetic peptide), were asso-
ciated with no or similar target organtoxicities in the two species at FIH
and therefore might have presented the opportunity to reduce to one
species. As previously discussed, the synthetic peptides tend to follow a
small molecule-like package and there may be a perception that the
longer-term toxicity studies should be performed in two species, as per
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ICHM3(R2), rather than risk a reduction to one species, even when
following ICHS6(R1). As no information was provided to explain the
decisions for each drug candidate, it is also acknowledged that there
may be sound scientific reasons why both species were progressed even
when the target organ toxicities were the same or similar.

4.3. The value of data from two species for drug development

For the 125 drug candidates for which studies were conducted in
two species throughout the package, a large proportion (66%) of the
survey responders (for 56 small molecules and 25 biologics) stated that
in hindsight, the same decisions relevant to human safety and clinical
development could have been made based on data from one species
(Fig. 2d). This perspective lends support to a notion that there were
opportunities for a single species approach to be used more widely.
However, the ability to predict which nonclinical species would provide
the most useful/relevant data may be challenging in some cases,
especially as there was no general preference for whether the rodent or
non-rodent provided the key data to inform decision-making for a
specific drug modality. Furthermore, the survey respondents did pre-
sumably have the benefit of wider knowledge about other nonclinical
(and perhaps clinical) data within the package than that provided
within the questionnaire. The prospective situation of potentially
missing an important toxicity if a study in another species is not per-
formed is difficult to argue against, when those data have historically
been available to aid decision-making. However, the purpose of this
project was to explore whether it could be appropriate to conduct
toxicology studies in one nonclinical species, for any drug modality.
The data collected indicate that there were numerous examples when
the use of two species may not have yielded additional toxicology data
that could not have been gained from using only one species. Although
it is acknowledged that these inferences were made in hindsight and
studies had been performed in two species to reach this conclusion, the
data nevertheless raise a question as to whether there are further op-
portunities for changes from a two species approach towards a wider
use of a single species, for small molecules as well as biologics, once the
more sensitive species has been identified.

Although the retrospective responses indicate that for a large
number of drug candidates data from a particular species may be more
important for decision-making than another (perhaps due to severity of
the finding(s), predicted exposure margins and human-relevance), it
does not necessarily follow that the data from the other species were
not also considered useful. In particular, nonclinical to clinical com-
parison exercises suggest that date from two species does increase the
predictive value for either positive or negative effects in the clinic
(Monticello et al., 2017). When responses to another question ‘If you
used two species, what additional value did data from the second
species give you?’ were reviewed, the answers often fell within an
‘added confidence’ category, the importance of which cannot be dis-
counted for decision-making. Similar responses were also evident
within the individual study data-impact questions (see Table 2b), which
often reflected the different drug modalities. For mAbs, where toxicities
are generally due to exaggerated pharmacology and/or im-
munogenicity, the absence or presence of an effect in a single phar-
macologically relevant species is already considered sufficient to gen-
erate confidence for decision-making, and data from a second species
was generally not felt to provide value (for 8/9 mAbs that used two
species it was considered decisions could be made from one). Data from
two species allows assessment of whether a toxicity occurs cross-species
and can increase confidence that either a toxicity is more likely, or
unlikely to be relevant to human. However, even for small molecules
there were also survey responses indicating that the additional data
from a second species were not felt to provide value (56/85 small
molecules considered decisions could be made from one species). Sce-
narios for when a second species was not considered to provide value
included when toxicities were similar between the species (for example,

no new toxicities identified), or observed effects were known/expected
from the mode-of-action or previous drug candidates in the series/lit-
erature. Whilst data from a second species may not always be needed to
enable decisions to be made, two species toxicology is currently re-
commended for drug candidates covered by ICHM3(R2). Therefore,
reducing to a single species presents a risk of not meeting regulatory
expectations, especially if there are differences of opinion about validity
of supporting scientific data for species choice.

4.4. The similarity of data from two species at FIH

A key factor for progression of drug candidates into longer-term
post-FIH studies in one or two species revolves around the principles of
comparable or similar toxicities being identified in the two species from
short-term studies, as per ICHS6(R1) (see Table 1). However, there is no
clear definition of ‘similar’ within regulatory guidance or the scientific
literature, or how decisions on this can be reached in practice. There
can also be significant differences in interpretation across different
authorities, such that the decision to pursue a one-species post-FIH
toxicity programme is at the discretion of the sponsor and/or reviewing
regulatory agency. This is underscored by the scientific question on
whether or not the absence of toxicity in two species constitutes a si-
milar toxicity profile (per communications from company re-
presentatives within or outside the working group). Consequently,
companies have taken different approaches to the choice of species for
longer-term toxicity studies based on individual experience and will-
ingness to accept regulatory risk, with some continuing in two species,
whilst others may reduce to one.

A review of target organ toxicities identified in the FIH package of
studies was performed, to determine how often toxicities were similar
or different between the two species. The definitions of similarity
agreed within the working group were either the absence of toxicities in
both species, toxicities identified in the same target organs in both
species or one different target organ toxicity identified between the
species. A different toxicity profile was defined as no toxicity in one
species and one or more recorded toxicities in the other, or multiple
toxicities in each species with more than one target organ being dif-
ferent between the species. Survey information on toxicity profiles was
limited to a high-level check list of target organ categories where
toxicity was identified (see Table 2a). For the analysis, the number (and
category) of target organs affected were simply counted and compared
between species for each molecule. All target organ toxicities were
assumed to be of equal importance, a conservative approach as it is
recognised that in reality this would not be the case. Similarly, this
exercise did not reflect any differences in exposure, results from other
nonclinical data (e.g. safety pharmacology data) or translational value
of the nonclinical toxicology findings. Nevertheless, using the data
available, the 115 drug candidates with FIH package data (75 small
molecules and 40 biologics) were classified as having either different
target organ toxicities in two species (thus perhaps justifying the con-
tinuation of two species for longer-term studies) or similar toxicities in
two species (providing evidence for the potential to reduce to one
species for longer-term post-FIH studies). Around 40% had similar
target organ toxicities in two species, although there was variability
between the drug modalities. Of greatest contrast, 85% of mAbs (11/
13) showed a high incidence of similar toxicities when two species were
used, whereas the incidence of similar toxicities for the 75 small mo-
lecules that reached the FIH stage was considerably lower (32%). The
intended therapeutic indication was also a factor. Notably, toxicities
tended to be different between the species (75%) for drug candidates in
development for oncology indications (18 small molecules, 2 mAbs and
4 ADCs with FIH data), to which the ICHS9 guideline applies. This may
be due to the more severe toxicities observed or expected in toxicology
studies with drug candidates targeting cancer indications, and differ-
ences in species susceptibility.
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4.5. Could evaluation of toxicity in two species for the FIH-enabling toxicity
studies be a decision point for selection of species for longer-term toxicity
studies?

From the retrospective evaluations (sections 3.4 and 4.4), the
working group was able to identify a sub-set of drug candidates (small
molecules and biologics) that were associated with similar toxicities in
the two species used for FIH-enabling toxicity studies. If ICHS6(R1)
guideline principles had been applicable to all drug candidates (i.e.,
extended to small molecules) and the definition of similar toxicity used
in the exercise was accepted, longer-term post-FIH studies could have
been performed in a single species. To evaluate the feasibility of this
approach, the survey data from 35 drug candidates that had completed
both FIH and post-FIH studies were reviewed, with the participants
blinded to the post-FIH phase toxicity data. Small panels of expert
toxicologists reviewed the available data from the pre-FIH and FIH
studies, to reach a consensus view on whether or not post-FIH studies in
a single species would adequately characterise the toxicological hazard.
The results from the longer-term post-FIH studies were then revealed
and the consensus views were assessed relative to the potential risk to
human safety (Table 3). Gaining consensus between the panels to drop
a species if appropriate (thus reducing animal use) or to retain two
species, entailed considerable discussion on each drug candidate. This
reflected the diverse opinions and experience of individuals and their
respective company policies. Panel participants concurred that a similar
depth of discussion or consideration by a sponsor or individual reviewer
would be expected in making their decision based on similar data. It
was recognised that the same decision/conclusion may not necessarily
be made where these decision makers have access to further pivotal
data that was not provided within the surveys, such as in vitro data,
mechanistic data, full study reports (including histopathology etc) for
the studies that were considered, or data from other animal studies
within the package, and that this exercise therefore reflected a con-
servative approach.

For 9 of the 14 small molecules (64%), and for all (8) other mole-
cules, longer-term studies in a single species were considered appro-
priate. If this approach had been followed, it was considered as low risk
to the nonclinical assessment of human safety, as generally no new and
differential toxicities were identified in the species dropped from the
longer-term post-FIH studies. However, there were five small molecules
(36%) that were an exception to this, where new toxicities of concern
were identified in species the expert panels had suggested to drop for
longer-term studies. Although these five drug candidates were therefore
classified as ‘non-concordant decisions’, this may reflect the con-
servative approach and may not be the situation when additional in-
formation is available. For example, the new toxicities may not trans-
late to humans (such as the canine polyarteritis observed for drug
candidate 3 in Table 7b) or may be expected exaggerated pharmacology
and monitorable in the clinic (this additional information was provided
for drug candidate 1 in Table 7b). Therefore, although with some small
molecules new and differential toxicities were identified in the species
the expert panel had suggested to drop for longer-term studies, this
could be viewed as a worse-case scenario and decision making would
likely be improved with the knowledge of the full breadth of data
available for the respective drug candidates.

In order to progress this work, a larger dataset of drug candidates
from individual drug modalities would be required, where FIH and
post-FIH toxicology data were available. Other information that would
also aid future evaluation could include broader details regarding the
drug candidate and nonclinical information such as primary, secondary
and safety pharmacology data, species relevance justification, toxicity
findings including nature, severity and incidence, dose relationship,
exposure data and safety margins, expected/exaggerated pharma-
cology, NOAELs in the different species and which species data drove
the clinical safety margins. Such information from drug candidates that
have conducted FIH and longer-term post-FIH toxicology packages in

two species would allow investigation of the nature of any new toxi-
cities in the longer-term studies and their relevance to human safety.
Additionally, access to human safety data would allow for the most
complete analysis of animal species decisions for post-FIH toxicology
studies. Such an approach would enable expansion of both the simi-
larity at FIH exercise and the blinded prospective exercise. A future
prospective exercise could also be considered, similar to that currently
being conducted to assess species usage for carcinogenicity studies
(ICHS1, 2016). A hypothetical decision to use a single or two species is
defined and justified ahead of testing and the data subsequently ob-
tained from both species would be used to determine whether the
correct decision would have been made from a reasonably sized data-
base.

5. Concluding remarks and recommendations

The primary purpose of a nonclinical safety assessment during early
drug development is to identify potential hazards for human risk as-
sessment. While animal studies are currently embedded in the drug
development process, the data presented herein provides evidence that
under certain conditions single species toxicology programmes could be
considered more widely, without being detrimental to human safety.
However, this would require a major change in strategy, by some
companies and/or regulatory agencies, especially for small molecule
testing.

The goal of this industry survey was to gather data on the species
used for repeat dose general toxicology studies conducted for human
pharmaceuticals, using the current and relevant regulatory guidelines.
The dataset covers small molecules and different classes of biologics
across a wide range of therapeutic indications, many of which were still
in active development. For the vast majority of small molecules, a two
species (rodent and non-rodent) approach is typical, consistent with
regulatory guidance (ICHM3 (R2) and ICHS9). The majority of single
species approaches described were used to support testing of biologics
(currently typically using the NHP), based on the recommendation that
toxicology testing should only be conducted in a pharmacologically
relevant species (ICHS6(R1)). The high specificity and species se-
lectivity of biologics and associated lower likelihood of off-target
toxicities, also contribute to acceptability of single species toxicology
programmes. The dataset did contain mAbs for which two species ap-
proaches (rodent and non-rodent) were used, when cross-reactivity to
multiple species was demonstrated. The data indicated that for many of
these biologics, toxicities were similar between the species, indicating
that a single species (preferably the rodent) may be sufficient to identify
relevant toxicities in these cases. The dataset also contained drug can-
didates for other drug modalities for which a two species (rodent and
non-rodent) approach is typical - therapeutic proteins/peptides and
ADCs that have aspects of both small molecules and biologics and thus
follow principles of both ICHM3(R2) and ICHS6(R1).

There were cases where, as supported by various guidelines, tox-
icology studies in two species were conducted for the FIH stage, with
longer-term toxicity studies only being conducted in a single species.
The data review by the working group showed that, with the benefit of
hindsight and purposely working outside the relevant regulatory
guidelines on species recommendations for individual drug modalities,
it may have been possible for more of the drug candidates to also take
this approach, without detrimental impact on human risk assessment.
Generally, there was no trend towards one species being consistently
more sensitive than another, which is in line with expectations given
the wide range of targets, indications and pharmacologies likely re-
presented in the dataset. However, the above conclusion was reached
without access to the full datasets available for the drug candidates.
Even within the working group, consensus was reached on the decision
for each drug candidate only after much debate and differences of
opinion. Ensuring that toxicities of potential human relevance have
been adequately identified and the risks appropriately managed is
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challenging and the level of discussion required in justification of po-
tentially smaller packages of data may be a factor in the retention of
two species approaches.

The challenge of designing the most appropriate toxicology testing
programme for any novel human pharmaceutical is compounded by the
lack of data-sharing between companies. In addition, toxicology study
findings for terminated molecules rarely get published by the spon-
soring company, an unfortunate situation, as such data (e.g., showing
class effects) might influence the need for extensive nonclinical testing
of subsequent similar drugs by other companies. This comprehensive
evaluation of cross-industry and cross-drug modalities toxicology data
enabled a retrospective evaluation of whether comparable decisions
could have been reached on the toxicology profile of a new molecule
using only one species (purposely working outside current regulatory
guideline recommendations). From these data, the incidence of similar
toxicities identified in both species at FIH stage indicated a wider
number of drug modalities could potentially reduce to a single species
for longer-term post-FIH studies. For those drug candidates where
toxicities were different between species, or there was a lack of any
effect in one of the species, there may still be opportunities for pro-
gression in a single species if additional information on the drug can-
didates (e.g., target and pharmacology) or significance of any differ-
entially observed findings (i.e. target organ, severity) were available. In
particular, where the difference was the absence of toxicities in one
species but presence of toxicities in the other, the most-sensitive species
could be the single species to progress. This does assume that aspects
were equal (i.e. exposure levels etc) in the two species FIH studies, and
that sensitivity in short term toxicity studies predicts the same differ-
ences in sensitivity for long term toxicity, which is not always the case,
given that toxicities can resolve or new toxicities become apparent
upon long-term dosing (Roberts et al., 2015).

Several additional issues need to be resolved before use of a single
species can be routinely considered for all drug modalities after the FIH
toxicology package is completed. It is acknowledged that for a few of
the drug candidates in the survey (five small molecules), new toxicities
were identified in the longer-term toxicity studies which would po-
tentially have been missed had only a single species been tested. Other
reviews of chronic (> 3-month dosing duration) toxicity studies from
individual company portfolios indicate that additional target organ
toxicities are occasionally revealed (Galijatovic-Idrizbegovic et al.,
2016; Roberts et al., 2015) and that this information can lead to deci-
sions to terminate late-stage drug candidates. Therefore, further work
to establish a larger dataset would be necessary to provide scientific
justification to adopt this flexibility for the use of a single species within
longer-term post-FIH toxicology studies across a wider range of drug
modalities, whilst still retaining the use of two species where both are
necessary to fully identify the toxicity profile of an individual drug
candidate. Additional guidance to define the criteria for similarity in
toxicities between the species would be useful to facilitate and har-
monise these decisions. In addition, criteria are needed on how to de-
termine which species will be most appropriate to take into longer-term
toxicity studies. Simple comparison of similarity in short-term studies
does not always appear to be sufficient. High confidence that the spe-
cies selected will detect all relevant long-term toxicity is needed to
enable such single species programs.

Proposals to decrease the number of species used at the later-stages
of the toxicology programme, or at any point within the drug devel-
opment package, may be more acceptable/achievable in the future if
more human-predictive data were available to support or even replace
some of the animal data. The use of target safety evaluations early in
drug discovery is an effective way to increase knowledge of safety risks
from literature and databases, to reduce the need for in vivo studies and
prioritise resources (Hornberg et al., 2014). It is hoped that the emer-
gence of non-animal technologies (such as in silico modelling and in
vitro human 3D-tissue models) could provide more relevant and pre-
dictive data and thus replace the need for data in a second species in the

future (Ewart et al., 2018). In the meantime, continued sharing of ex-
periences of different approaches to enable and support clinical drug
development, and further international data-sharing and analysis ac-
tivities (to also include other regions within ICH) are required to
identify the criteria for justifying the use of a single species, or con-
versely, justifying the use of two species. Such further evidence may
provide confidence that, when applied correctly, reducing animal tox-
icology packages would not be detrimental to human safety and in turn,
continue to drive the most appropriate use of animals for regulatory
general toxicology studies.
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