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A key element in the development of a biosimilar molecule is the comparability of the biological activity/
nonclinical similarity to the innovator drug. Although some regulatory guidelines are encouraging little
or no in vivo testing, currently a common practice is to perform at least one toxicology and/or one
pharmacokinetic (PK) study to assess if any different findings occur for in-life, clinical pathology and
histopathological parameters or in exposure. An exercise was performed in which the results of such
testing were evaluated. It was found that 10 PK comparison studies in the cynomolgus monkey across 4
monoclonal (Mab) classes showed similar exposure in all cases. In 17 toxicology comparison studies with
5 Mab classes performed in the same species and in 7 toxicology comparison studies with non-Mab
biosimilars in the rat, no new/unexpected findings were seen and drug exposure measurement gave
comparable values in all cases. Overall, although this work does not rule out possible utility of some
in vivo testing (notably in the form of stand-alone PK testing) to confirm similar exposure between the 2
molecules tested, it is unclear what benefit can be gained from toxicology testing, especially if compa-
rability has been demonstrated from physiochemical and in vitro characterisation.

Crown Copyright © 2017 Published by Elsevier Inc. All rights reserved.
1. Introduction

A variety of regulatory guidelines exist to assist drug companies
in developing a biosimilar molecule, whether a Mab or a non-Mab
protein. A key consideration is biological activity/nonclinical
comparability to the marketed (innovator) drug. Examples (with
some interpretation of actual testing needs) comprise:

� European Union (EU): Nonclinical testing using a step-wise
approach needs to occur with in vitro binding/biological activ-
ity studies, then evaluation if in vivo testing (pharmacodynamic
[PD] and/or PK studies) is deemed necessary but conduct of
standard repeated dose toxicity studies in non-human primates
is usually not recommended (EMA, 2014). If testing is consid-
ered to be needed (and appropriately justified), it can take the
form of one dose level of biosimilar and reference product and/
or one gender and/or no recovery animals OR an in-life evalu-
ation of safety parameters. The conduct of toxicity studies in a
non-relevant species is not recommended.
oln School of Pharmacy, Uni-
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� United States (US): Pharmacological comparability from in vitro
and/or in vivo assays and some animal safety data is indicated
(FDA, 2015). Toxicology testing can range from limited animal
toxicity data to the need for a general toxicology study although
allowance is given in the guidance to discuss justification for not
conducting suchwork. It is also possible that a single-dose study
comparing the proposed product and the reference product
using PK and PD measures may contribute to the totality of
in vivo evidence that supports a demonstration of biosimilarity.

� World Health Organisation (WHO): Demonstration of biolog-
ical/PD activity and toxicological work in at least one repeat
dose toxicity study needed (WHO, 2009). However, a new
guideline, which has a focus on Mabs, states that biological ac-
tivity comparison from in vitro and/or in vivo studies is still
needed but repeated dose toxicity studies in non-human pri-
mates is usually not recommended (WHO, 2016).

� India: In vitro and/or in vivo PD studies and toxicological studies
in at least one repeat dose toxicity study using 3 dose levels of
biosimilar (India, 2016).

� China: PD and PK evaluation as well as consideration for a repeat
dose toxicology study (China, 2015).

mailto:paul.baldrick@covance.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.yrtph.2017.04.010&domain=pdf
www.sciencedirect.com/science/journal/02732300
www.elsevier.com/locate/yrtph
http://dx.doi.org/10.1016/j.yrtph.2017.04.010
http://dx.doi.org/10.1016/j.yrtph.2017.04.010
http://dx.doi.org/10.1016/j.yrtph.2017.04.010


P. Baldrick / Regulatory Toxicology and Pharmacology 86 (2017) 386e391 387
� Japan: In vitro and/or in vivo PD studies plus nonclinical safety
data needed involving repeat dose toxicology testing and/or PK
evaluation (Japan, 2009).

� Canada: In vitro and/or in vivo PD studies and at least one repeat
dose toxicity study (Canada, 2010). An update of the 2010
guideline has a changed situation and states that “Where sim-
ilarity is well established by structural and functional studies,
and where extensive in vitro mechanistic studies are indicative
of similarity, in vivo non-clinical studies may not be necessary”
(Canada, 2016).

Overall, based on available guidance, companies developing
biosimilars globally tend/have tended to follow a “default option”
of performing in vivo studies that can include PK evaluation and
toxicity testing. In order to examine what such testing is actually
showing, an exercise was performed by examining the results of
recent studies performed within our laboratory (Covance) for both
Mab and non-Mab biosimilars. Both PK (Mabs only) and toxicology
(Mabs and non-Mab proteins) studies were available. Available
published literature for Mab biosimilar PK and/or toxicology
comparator studies was also reviewed.
2. Material and methods

A snapshot of studies in the Covance database revealed 10 PK
and 17 toxicology comparison studies performed in the cyn-
omolgus monkey with Mabs and 7 toxicology comparison studies
performed in the rat with non-Mab proteins. From these studies the
following information was extracted: Covance site location, bio-
similar/innovator identification, year performed, Good Laboratory
Practice (GLP) status, rationale around dose level selection, study
design/dose levels, study parameters measured and study findings.
It was established that studies were performed across 4 different
Covance sites, namely Harrogate, (UK), Muenster (Germany),
Madison (USA) and Shanghai (China). Obviously for confidentiality
reasons, no information on the identity of biosimilar or innovator is
presented; testing of biosimilars to the same innovator drug
occurred in different studies (ie, different Sponsoring companies)
on a number of occasions and are captured as “Mab 1”, etc or “Non-
Mab protein 1”, etc as shown in Tables 1e3.

The 10 PK comparison studies were completed in the cyn-
omolgus monkey across 4Mab classes from 2009 to 2016. Although
not specifically needed for PK studies, more than half were per-
formed to GLP. Dose level selection was usually based around what
was known for the innovator drug and was always a single dose.
Table 1
PK findings for Mab biosimilar comparator studies.

Compound Animal
numbers

Study design

Mab 1
5 studies

(2009
e2016)

12-48
monkeys
used/study

Single IV dose: variation in control/no control and group siz
3Mþ 3F), one/multiple dose levels, actual dose levels used in
of study, one or both genders

Mab 2
3 studies

(2010
e2013)

12-28
monkeys
used/study

Single IV dose: variation in one/multiple dose levels and gro
used in different studies, duration of study

Mab 3
1 study

(2013)

12 monkeys
used

Single SC dose: no control, groups of 3M þ 3F, one dose lev

Mab 4
1 study

(2014)

8 monkeys
used

Single IV dose: no control, groups of 2M þ 2F, one dose lev

IV Intravenous, SC Subcutaneous, M Male, F Female, PK Pharmacokinetic, ADA Anti-drug
a Cmax, AUC, Tmax, T1/2, clearance and volume of distribution measured.
Standard laboratory PK blood sampling with subsequent analysis
using a validated method occurred pre-dose and on a number of
occasions post-dose. Some studies also included a PD endpoint
and/or anti-drug antibody (ADA) response measurement assessed
from blood sampling on various days of the study using standard
laboratory techniques.

The 17 Mab toxicology comparison studies were performed in
the cynomolgus monkey across 5 different Mab classes from 2009
to 2016, while toxicology comparison studies were performed in
the rat with 7 non-Mab proteins from 2011 to 2013. All studies were
carried out to GLP with dose level selection usually based on prior
knowledge of toxicology testing with the innovator. Standard
toxicology study designs occurred with assessment of clinical ob-
servations, bodyweights, food consumption, ophthalmoscopy,
electrocardiography (non-human primate studies only), clinical
pathology (haematology, clinical chemistry and urinalysis), organ
weights plus macroscopic and histopathological examination.
Toxicokinetic evaluation occurred on all occasions on various study
days from blood samples using a validated method. Some studies
also had evaluation of a PD endpoint (although generally not
included in studies with non-Mab proteins) or for ADA response
based on blood samples taken on a few occasions and analysed
using validated methods and established laboratory techniques.
However, although taken, analysis of ADA samples did not always
occur, especially for studies with Mabs, presumably under the
assumption that even if an antibody response had been induced, it
had not interfered with assessment of exposure.
3. Results

Findings are summarised in Tables 1e3 Table 1 shows that for
10 PK comparison studies performed in the cynomolgus monkey
across 4 Mab classes, exposure was reported as similar for inno-
vator and biosimilar in all cases, with an overall mean exposure
range (lower-to-higher difference between the 2 molecules of
68e150%). A degree of inter-animal variability in exposure was
noted. It should be noted that due to the small numbers of animals
used, each study was not statistically powered to formally assess
biosimilarity. For the Mab class in which a PD marker was included
(5 studies), the expected response was measured but with no
obvious difference between innovator and biosimilar. Despite the
relatively simple nature of this type of study, a range of study de-
signs was noted including small (8) to large (48) animal numbers,
use of one or multiple dose levels and actual dose/s used, as well as
group size.
PKa ADA PD

e (although 3 studies used
different studies, duration

Exposure range of 82
e150% across studies

3 out of 5 studies e
all animals positive

Expected
PD
response

up size, actual dose levels Exposure range of 78
e131% across studies

1 out of 3 studies e
one animal positive

e

el Exposure of 68
e104%

e e

el Exposure of 70e94% e e

antibody, PD Pharmacodynamic, - Not assessed.



Table 2
Toxicology findings for Mab biosimilar comparator studies.

Compound Animal
numbers

Study design TKa ADA Study result

Mab 1
6 studies

(2010
e2014)

12-42
monkeys
used/study

Weekly or biweekly IV (4e8 doses) for 4 weeks (except one study ¼ 13
weeks) with standard toxicology design: 2e4 animals/sex/group, control in
all cases, recovery in 3 studies, usually one dose level

Exposure range of
82e138%

Samples analysed in 3
studies e no positive
results

No findings

Mab 2
4 studies

(2009
e2012)

16-56
monkeys
used/study

Weekly IV (4e5 doses) for 4 weeks with standard toxicology design: 3 or 4
animals/sex/group, control group in 2 studies, recovery in 2 studies, one dose
level in 3 studies

Exposure range of
60e123% across
studies

Some to all animals
positive

Expected findings
(and comparable)

Mab 3
3 studies

(2010
e2015)

18-36
monkeys
used/study

Weekly SC (5 doses) for 4 weeks with standard toxicology design: 3 animals/
sex/group þ control group, recovery in 2 studies, one dose level in 2 species
and 2 dose levels in one study

Exposure range of
72e121% across
studies

Samples analysed in 2
studies e no positive
results

No findings/expected
findings (and
comparable)

Mab 4
3 studies

(2012
e2016)

16-18
monkeys
used/study

Twice weekly SC (8 doses) for 4 weeks with standard toxicology design: 3e4
animals/sex/group, control in 2 studies, no recovery, one dose level

Exposure range of
88e130%

Samples not analysed No findings/expected
findings (and
comparable)

Mab 5
1 study

(2011)

12 monkeys
used

Multiple SC doses for 4 weeks with standard toxicology design: 3 animals/
sex/group, control, no recovery, one dose level

Similar systemic
exposure

Some animals positive Expected findings
(and comparable)

IV Intravenous, SC Subcutaneous, TK Toxicokinetic, ADA Anti-drug antibody.
a Cmax, AUC and Tmax measured.

Table 3
Toxicology findings for non-Mab biosimilar comparator studies.

Compound Animal
numbers

Study design TKa ADA Study result

Non-Mab
protein 1

2 studies
(both
2012)

158 or 396
rats used/
study

Weekly SC (5 doses) for 4 weeks with standard toxicology design: 10 animals/
sex/group, control, recovery in one study, one dose level in one study and 3
dose levels in the other

Comparable
exposure

Samples analysed in one study
e positive response in a few
animals

Expected
findings (and
comparable)

Non-Mab
protein 2

2 studies
(2010
and
2013)

186 or 396
rats used/
study

Daily SC for 4 weeks with standard toxicology design: 10 animals/sex/group,
control, no recovery, 2 dose levels

Generally
similar
exposure

Samples analysed in one study
e no positive results

Expected
findings (and
comparable)

Non-Mab
protein 3

1 study
(2012)

368 rats
used

Daily SC for 4 weeks with standard toxicology design: 13 animals/sex/group,
control, no recovery, 3 dose levels

Similar
exposure

Some animals gave positive
result

Expected
findings (and
comparable)

Non-Mab
protein 4

1 studies
(2012)

178 rats
used

Daily SC for 4 weeks with standard toxicology design: 10 animals/sex/group,
control, no recovery, 3 dose levels for biosimilar and one dose level for
innovator

Comparable
exposure

Occasional animals with
positive response

Expected
findings (and
comparable)

Non-Mab
protein 5

1 study
(2013)

132 rats
used

Daily SC doses for 4 weeks with standard toxicology design: 10 animals/sex/
group, control, no recovery, one dose level

Similar
systemic
exposure

All animals positive Expected
findings (and
comparable)

SC Subcutaneous, TK Toxicokinetic, ADA Anti-drug antibody.
a Cmax, AUC and Tmax measured.
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Table 2 shows that for 17 toxicology studies performed in the
cynomolgus monkey generally over 4 weeks duration across 5 Mab
classes, either no drug treatment-related findings or expected
study findings (related to mode of action) were seen in a compa-
rable manner; no new/unexpected findings (as assessed from in-
life, clinical pathology and histopathological parameters)
occurred. Similar exposure (as measured from toxicokinetic eval-
uation) was noted in all cases, with an overall mean exposure range
(lower-to-higher difference between the 2 molecules of 60e138%).
As for PK studies, some inter-animal variability in exposure was
recorded and, as a result of the small numbers of animals used,
studies were not statistically powered to formally assess bio-
similarity. When analysed, ADA measurement showed a positive or
negative response depending on Mab class but no notable
difference between innovator and biosimilar. Although assessed
parameter measurements were fairly standard across studies, some
variation across study design occurred, especially in number of
primates per study with small (12) to large (56) animal numbers
used, presence or not of control group, dose group size (although 3
males and 3 females was most commonly used), one or more dose
levels (although one dose of innovator and biosimilar was frequent)
and inclusion or not of a non-dose recovery period.

Testing in 7 toxicology studies across 5 non-Mab classes in the
rat over 4 weeks is summarised in Table 3 and showed expected
and comparable study findings with no new/unexpected results
and similar exposure in all cases. When measured, ADA evaluation
generally showed a positive response for these non-Mab molecules
but no notable difference between innovator and biosimilar.
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Although study parameter measurements were fairly standard
across studies, variation in study design was largely due to number
of dose groups used which resulted in a range of 132e396 rats/
study (although group sizes of 10/sex were commonly used); the
use of a non-dose recovery period was infrequent.
4. Discussion/conclusion

Currently, based on available regulatory guidance, companies
developing biosimilars tend/have tended to follow a “default op-
tion” of performing in vivo studies that include PK evaluation and
toxicology testing to satisfy a global development approach. Ex-
amination of the results of such testing for a number of Mab and
non-Mab molecules over the period 2009e2016 in our Covance
laboratories has not identified any meaningful differences between
innovator and biosimilar molecules. In these studies, PK and/or PD
testing confirmed similar exposure and/or efficacy response (if
relevant) between the 2 molecules tested. No different/new/un-
expected findings occurred in toxicology testing and toxicokinetic
evaluation confirmed similar exposure.

As shown in Table 4, the results of testing of a small number of
Mab biosimilars in PK and/or toxicology comparator studies are
available in the published literature. These studies confirm the re-
sults of the current investigation by showing that comparable
findings in PK and toxicology studies occurred. It is interesting to
Table 4
Published in vivo findings for Mab biosimilar comparator studies.

Biosimilar and
Innovator

Animal numbers Study design

PF-05280586 and
Rituximab
(MabThera®, EU
version)

3/sex/group (PK) and 7/sex/
group (toxicology)

Single dose PK þ one month tox
month recovery period studies p
sexually mature cynomolgus mo
compounds. IV dose levels of 0, 2
(PK) þ 0 and 20 mg/kg as 5 week
(toxicology) with full standard st
measurements including TK and
along with immunophenotypic a

GP2013 and
Rituximab
(Rituxan®/
MabThera®,
version used not
stated)

14 animals (single dose) and
16 animals/group (multiple
doses)

PK/PD studies in cynomolgus mo
compounds with assessment for
Single IV dose levels of 5 mg/kg a
10 weeks þ multiple IV doses of
once weekly for 4 weeks þ 4 we
recovery periods

PF-05280014 and
Trastuzumab
(Herceptin®, both
EU þ US versions)

55 males/group Single dose PK study with 4 mon
period performed in mice for eac
dose levels of 0, 1, 10 and 100 m
used þ measurement for PK and

Inflectra (CT-P13)
and Infliximab
(Remicade®,
version used not
stated)

10 males/group (PK), 5
animals/sex/group
(exploratory study) and 10
animals/sex/group (main
studies)

Single IV dose PK study in rats at 1
both compounds. Exploratory þ
studies in rats at 0, 10 and 40 mg
toxicology study in rats at 0, 10 a
both compounds. All toxicology s
doses given one week apart with
study measurements including T
response in one study

PF-06439535 and
Bevacizumab
(Avastin®, EU
version)

Not stated One month toxicology study per
sexually- and skeletally-immatur
cynomolgus monkeys. Twice IV d
10 mg/kg for one month were us
parameters, including TK and AD

PF-06410293 and
Adalimumab
(Humira®, EU
version)

Not stated One month toxicity study perform
cynomolgus monkeys with week
0 and 157 mg/kg for one month
parameters, including TK and AD

RPH-001 and
Bevacizumab
(Avastin®, version
used not stated)

Not stated Single dose PK studywith 3week
performed in male cynomolgus m
doses of 2, 10 and 100 mg/kg use

PD Pharmacodynamic, PK Pharmacokinetics, TK TK Toxicokinetic, IV Intravenous, SC Sub
note that although 5 of the investigations used cynomolgus mon-
keys, 2 did not. For the biosimilar infliximab, PK and toxicology
work used rat as the test species and it was noted that the toxi-
cology studies had little relevance for determining biosimilarity as
the Mab was not active in rats; however, it was reported that the
studies confirmed a lack of any significant off-target toxicity (EMA,
2013). For the biosimilar trastuzumab PK study, mice were used as
the tested molecules “would not be expected to interact with the
endogenous mouse receptor” allowing “comparative PK evaluation
of non-target- and FcRn-mediated disposition” (Hurst et al., 2014).

The current development situation involving in vivo testing of
biosimilars has also been recently examined by a National Centre
for the Replacement, Refinement & Reduction of Animals in
Research (NC3Rs) Working Group (Chapman et al., 2016). Infor-
mation on toxicology studies was gathered for 25 Mab biosimilars
and these were performed mainly in the monkey (75%), with
duration often of 4 weeks and for monkeys a group size of 3/gender,
10e36 animals/study with a range in the number of dose groups
used but often control plus 2 high dose groups (innovator and
biosimilar) or control plus 2 low and 2 high dose groups (innovator
and biosimilar). As in the results presented in this paper, no dif-
ference was detected between the innovator or biosimilar mole-
cules in the toxicology work.

Sowhere dowe stand regarding in vivo testing? If a molecule is a
“true” biosimilar e comparability can be made through
Results Reference

icology with 3
erformed in
nkeys with both
, 10 and 20 mg/kg
ly doses
udy
ADA response
nalysis were used

No notable differences were seen in PK/TK profile,
magnitude and time course of B cell depletion/
repletion or ADA response

Ryan et al.
(2014)

nkeys with both
ADA response.
nd assessment for
20 or 100 mg/kg,
ek and 6 month

Comparable findings (despite ADA response) in PK
results seen þ B cell depletion/recovery

Da Silva
et al.
(2014)

th evaluation
h compound. IV
g/kg were
ADA response

Similar PK profile and ADA response across groups Hurst et al.
(2014)

0 or 50mg/kg for
main toxicology
/kg and main
nd 50 mg/kg for
tudies used 2 IV
full standard
K and ADA

PK and toxicology studies gave similar results EMA
(2013)

formed in
e male
oses of 0 or
ed with full study
A measurement

Toxicology (femur physeal dysplasia findings) and
TK results were similar þ no ADA response

Peraza
et al.
(2015)

ed in
ly SC doses of
with full study
A measurement

No biologically or toxicologically relevant
differences were seen, notably in microscopic
findings of decreased cellularity of lymphoid
follicles and splenic germinal centres

Derzi et al.
(2014)

evaluation period
onkeys with IV
d

Similar PK profile reported Archuadze
et al.
(2015)

cutaneous, ADA Anti-drug antibody.
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physiochemical and in vitro characterisation which is endorsed in
the EU and FDA guidelines described earlier. However, variation in
other region guidance requirements (and perhaps uncertainty on
what the regulators require) means that comparability animal
studies (PK and toxicology work) for biosimilars have occurred/are
still occurring. It was stated in the NC3Rs Working Group paper
mentioned earlier that there were no examples of the 25 examined
Mab biosimilars entering the clinic on the basis of in vitro data
alone, with requests from some EU regulatory agencies and/or
ethical review committees for in vivo data (Chapman et al., 2016).
However, it was not clear from this paper if results from PK testing
only vs a need for toxicology work would have been sufficient. This
paper also summarises other possible reasons why companies have
been/are performing in vivo studies with biosimilars, including an
inability to meet with regulators in a timely manner, default of
performing such studies to provide a comfort factor before clinical
entry, to assess identified impurities, to address the lack of in vitro
data, to allow starting human trials at the clinical dose (vs requiring
dose selection), to further assess differences from in vitro testing, to
assess novel excipients/higher concentrations of excipients or to
select alternative formulations. It was noted that most of these
reasons were not driven by strong scientific rationale.

A recent European perspective on in vivo testing of biosimilars
concludes that animal studies rarely provide decisive information
for establishing biosimilarity (Van Aerts et al., 2014). These authors
concluded that the regulatory value of in vivo PK/PD testing is likely
for information purposes only and not likely decisive for a bio-
similar comparability exercise. Furthermore, it was concluded that
in vivo toxicology studies have no value, although it was acknowl-
edged that they may be a formal requirement for clinical trial
commencement by some EU regulatory agencies (Van Aerts et al.,
2014). The NC3Rs Working Group paper mentioned earlier was
not able to identify an instance where in vivo data provided useful
information to a proposed biosimilar programme that had a strong
in vitro data package showing a high degree of similarity and
therefore did not generally recommend in vivo testing to support
biosimilar development (Chapman et al., 2016). However, it may be
that this situation is a “step too far” for biosimilar developers (even
allowing for regional differences in regulatory guideline re-
quirements) in that some in vivo testing may be deemed necessary,
with possible utility (notably in the form of stand-alone PK and/or
PD work) to confirm similar exposure and/or efficacy response (if
relevant) between the innovator and biosimilar molecules. In the
case of non-human primate, animal use numbers could be groups
of 3 males and 3 females (or 6 animals of one sex e notwith-
standing regulatory agency agreement) and testing limited to a
single dose level of innovator (eg, EU- or US-sourced innovator but
not both) and biosimilar only. It should be noted that for such a
fairly simple study as this, there can be considerable cost and effort
sourcing the innovator molecule, especially if it has received more
recent marketing approval and/or is available in only some
geographical regions. A compromise for non-human primate use is
testing in rodents. It has been pointed out that mice or rats are often
suitable to assess the PK properties of Mabs and that even when
there is no pharmacological activity present in rodents, the inter-
action of the Mabwith FcRn can be assessed (Chapman et al., 2016).
Others have endorsed such a PK testing strategy by reporting that
the kinetics of non-target-mediated clearance of biosimilar vs
innovator could be compared in a non-pharmacologically relevant
species (Bui et al., 2015). Overall, some utility can be envisaged from
in vivo PK assessment to avoid the potential for altered exposure in
the clinic due to molecular attribute or formulation differences
seen with the biosimilar.

It has been recently stated that toxicology studies (if conducted)
can be designed to rule out unexpected toxicity associated with a
biosimilar and to demonstrate a lack of biologically meaningful
differences between innovator and biosimilar (Bui et al., 2015).
However, the results presented in this paper show that it is unclear
what significant benefit can be gained from toxicology testing of
either Mab or non-Mab biosimilars, if the intent is to try and
identify meaningful toxicity differences (none were seen). There is
also the additional concern in the case of non-human primate use
of the lack of statistical power to formally assess toxicological
biosimilarity due to small numbers of animals used, a point also
made elsewhere (O'Connor and Rogge, 2013; Van Aerts et al., 2014).
However, if a need is identified (possibly to satisfy current regula-
tory agency requirements for global development), a limited toxi-
cology study is encouraged comprising groups of 3 male and 3
female non-human primates or 10 male and 10 female rodents
(depending on biological class), using innovator and biosimilar at
one dose level only (perhaps the high dose used for innovator
toxicology testing and which was often the case seen in the pre-
sented evaluation) and without control and non-dose recovery
groups. If such testing is believed to be necessary, then inclusion of
toxicokinetic evaluation would likely negate any need for a stand-
alone PK study. In the case when toxicological testing is a regula-
tory need, a similar testing strategy is given in the NC3Rs Working
Group paper mentioned earlier, although use of one sex and a dose
level in the clinically relevant range (avoiding saturation of the dose
response) are mentioned as considerations (Chapman et al., 2016).
Provision for taking blood samples for ADA response (whether
measurement actually occurs or not) as part of the toxicology study
is needed (measurement will involve time and cost for validated
method development). Different views on the utility of immuno-
genicity testing occur. A recent European perspective on the regu-
latory value of such testing was that it is of no value in establishing
the biosimilarity of a molecule with regard to its propensity to
induce an ADA response in humans (Van Aerts et al., 2014). Others
have commented that animal studies could provide an overall
comparative view of the immunogenic potential and possibly
detect minute differences between a biosimilar and innovator
molecule (Bui et al., 2015). The results presented in this paper tend
to support the former view.

Evaluation of results from a number of PK and toxicology studies
using Mab and non-Mab biosimilars has shown no differences of
note between innovator and biosimilar molecules. This lack of
in vivo differences endorses the view that true comparability is fully
available through physiochemical and in vitro characterisation and
that in vivo testing (especially toxicology work) has limited utility.
Thus, in conclusion, the Holy Grail is for industry and regulators to
work towards a global standard which clearly allows for, at most,
limited animal work in the development of biosimilar molecules.
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