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Large animal and primatemodels of spinal cord injury (SCI) are being increasingly utilized for the testing of novel
therapies.While these represent intermediary animal species between rodents and humans and offer the oppor-
tunity to pose unique research questions prior to clinical trials, the role that such large animal and primate
models should play in the translational pipeline is unclear. In this initiative we engaged members of the SCI re-
search community in a questionnaire and round-table focus group discussion around the use of such models.
Forty-one SCI researchers from academia, industry, and granting agencies were asked to complete a question-
naire about their opinion regarding the use of large animal and primate models in the context of testing novel
therapeutics. The questions centered around how large animal and primate models of SCI would be best utilized
in the spectrum of preclinical testing, and howmuch testing in rodent models was warranted before employing
these models. Further questions were posed at a focus group meeting attended by the respondents. The group
generally felt that large animal and primatemodels of SCI serve a potentially useful role in the translational pipe-
line for novel therapies, and that the rational use of these models would depend on the type of therapy and spe-
cific research question being addressed. While testing within these models should not be mandatory, the
detection of beneficial effects using these models lends additional support for translating a therapy to humans.
These models provides an opportunity to evaluate and refine surgical procedures prior to use in humans, and
safety and bio-distribution in a spinal cordmore similar in size and anatomy to that of humans. Our results reveal
thatwhilemany feel that thesemodels are valuable in the testing of novel therapies, important questions remain
unanswered about how they should be used and how data derived from them should be interpreted.

© 2015 Elsevier Inc. All rights reserved.

Introduction

Traumatic spinal cord injury (SCI) is a devastating condition for
which therapies to improve neurologic function remain elusive. Scientif-
ic efforts to understand the nature of SCI and develop treatments for it
have depended on animal models (Zhang et al., 2014). Although large
animals, especially cats and dogs, were commonly used for spinal cord
injury studies in the1950s–1970s, rodentmodels have become the stan-
dard over the past 30 years. The routine use of rodent models of SCI has
been facilitated by the development of standardized techniques and
devices to reproducibly induce injury and standardized measures to
evaluate post-injury outcome—both ofwhich have becomewidely avail-
able to the scientific community (Kwon et al., 2002). Scientific initiatives
that have relied heavily (albeit not exclusively) on such small animal
models to evaluate the efficacy of potential treatments have led to the
clinical testing of a number of experimental interventions, including
methylprednisolone, GM1-ganglioside, nimodipine, gacyclidine, and ac-
tivated autologous macrophages (Tator, 2006). To date, none of these
have demonstrated convincing efficacy in human SCI. However, a grow-
ing list of treatments are currently entering clinical trials, including
minocycline, riluzole, systemic hypothermia, the rho-antagonist BA-
210 (CethrinTM), PEG-MgCl, bFGF, poly(lactide-co-glycolide)-poly-L-
lysine (PLGA-PLL) scaffolds as well as a variety of cell types, such as
Schwann cells, olfactory ensheathing cells, neural stem/progenitor
cells, and mesenchymal stem cells (Ramer et al., 2014).

Alongside these efforts, there has been resurging interest in the use
of large animal models and non-human primate models of SCI for the
evaluation of potential therapies (Jeffery et al., 2011; Nout et al., 2012;
Lee et al., 2013; Navarro et al., 2012; Iwanami et al., 2005; Kuluz et al.,
2010; Cote et al., 2010; Pritchard et al., 2010). This has been motivated
by uncertainties about how ‘translatable’ the promising results from ro-
dent SCI models may actually be in human SCI, and an interest in dem-
onstrating the clinical applicability and robustness of experimental
therapies prior to committing to lengthy and expensive human clinical
trials (Blesch and Tuszynski, 2009; Dietrich, 2003). Similar motivation
exists in the stroke community, where many therapies have gone into
clinical trial based on promising rodent data, only to prove ineffective
(O'Collins et al., 2006). This has ultimately led to guidelines that advo-
cate for multiple-species testing in the preclinical development of
stroke therapies (Fisher et al., 2009). The use of such models is not
new in the SCI field, and in fact Allen's century-old description of an ex-
perimental spinal cord contusion injurymodel employed a large animal
(canine) species (Allen, 1911). Large animal systemshave played an im-
portant role in the regulatory pathway for establishing safety and

pharmacokinetics/dynamics for novel therapeutics for SCI (FDA,
2013). The growing number of large animal and primate models with
well characterized biomechanical injury parameters and neurologic
outcome measures provides investigators with increased opportunity
to test the efficacy of such therapeutics en route to human translation.

As pointed out over a decade ago by Kleitman, the question of how
much preclinical data are sufficient to justify proceeding with human
testing is a difficult one to answer (Kleitman, 2004). In 2009, we (BK
andWT) undertook a survey of the research community to garner opin-
ions on this question of what demonstration of efficacy was required to
justify the human translation of an experimental therapy for SCI (Kwon
et al., 2010). This initiative was grounded in the notion that while the
field desperately needs effective therapies, propelling treatments into
clinical trials with limited preclinical evidence of efficacy could squan-
der valuable time and resources. We also surveyed individuals living
with SCI in order to characterize what their expectations were for the
testing of therapies that they might be offered as potential subjects
within a clinical trial (Kwon et al., 2012). These initiatives revealed
strong sentiments both from the research community and from individ-
uals living with SCI that demonstrating the efficacy of therapies in large
animal and/or primate models was important before moving therapies
into clinical trials.

These perspectives naturally lead to more specific questions about
the use of large animal and primate models of SCI. For example, if these
models are available for the testing of drug or cell therapies,what specifical-
ly should they be used to demonstrate? Is it necessary to use both a large
animal model and primate model? Furthermore, how should the demon-
stration of efficacy or lack thereof in such models be interpreted? Within
the context of the preclinical development of a novel therapy, what data
from rodent models are needed before it is rational to undertake the ex-
pense of testing in a large animal or primate model?

The purpose of this present initiative was to address some of these
questions by engaging members of the SCI research community in a
questionnaire and a round-table discussion about the use of large ani-
mal and non-human primate models of SCI. We felt that stimulating a
discussion regarding the use of such models in preclinical SCI research
would provide the field with a range of perspectives and highlight im-
portant considerations for the preclinical development of novel thera-
pies. In general, this initiative highlighted the diversity of opinions
about the use of large animal and primate models in pre-clinical SCI re-
search. Our results also reveal thatwhilemany (arguablymost) feel that
these models are valuable in the testing of novel therapies, important
questions remain unanswered about how they should be used and
how data derived from them should be interpreted.
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