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Abstract

The past three decades have seen an explosion of research interest in spinal cord injury (SCI) and the devel-
opment of hundreds of potential therapies that have demonstrated some promise in pre-clinical experimental
animal models. A growing number of these treatments are seeking to be translated into human clinical trials.
Conducting such a clinical trial, however, is extremely costly, not only for the time and money required to
execute it, but also for the limited resources that will then no longer be available to evaluate other promising
therapies. The decision about what therapies have sufficient pre-clinical evidence of efficacy to justify testing in
humans is therefore of utmost importance. Here, we have developed a scoring system for objectively grading the
body of pre-clinical literature on neuroprotective treatments for acute SCI. The components of the system include
an evaluation of a number of factors that are thought to be important in considering the ‘‘robustness’’ of a
therapy’s efficacy, including the animal species and injury models that have been used to test it, the time
window of efficacy, the types of functional improvements effected by it, and whether efficacy has been inde-
pendently replicated. The selection of these factors was based on the results of a questionnaire that was per-
formed within the SCI research community. A modified Delphi consensus-building exercise was then conducted
with experts in pre-clinical SCI research to refine the criteria and decide upon how to score them. Finally, the
grading system was applied to a series of potential neuroprotective treatments for acute SCI. This represents a
systematic approach to developing an objective method of evaluating the extent to which the pre-clinical
literature supports the translation of a particular experimental treatment into human trials.
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Introduction

The urgent need to establish treatments for spinal
cord injury (SCI) has led to the development of numerous

therapeutic strategies over the past 30 years. A handful have
been evaluated in human trials (Tator, 2006), and many more
that are emerging from scientific laboratories are vying for
clinical translation (Hawryluk et al., 2008; Rowland et al.,
2008). Experience has shown, however, that when promising
SCI experimental treatments reach the point of translation
into human evaluation, their passage through clinical trials is
exceedingly challenging. Several extensive clinical trials have
resulted in negative or very modest effects (Tator, 2006). With
a relatively low annual incidence of traumatic SCI (compared
to other acute neurologic conditions such as stroke or trau-
matic brain injury), patient recruitment into acute SCI trials
can be an extremely slow process (Geisler et al., 2001a, 2001b).
Large numbers of patients are typically needed to demon-
strate neurologic efficacy in such trials, because spontaneous
neurological recovery can occur with substantial variability
(Fawcett et al., 2007; Lammertse et al., 2007) and there is far
greater heterogeneity in clinical populations compared to
experimental animal groups. The tremendous commitment of
resources necessary for human clinical trials compels the sci-
entific community to decide carefully which of the many ex-
perimental treatments available has been sufficiently studied
to justify advancement into human trials (Dietrich, 2003).
While the decision to proceed with a clinical trial comes with
significant financial costs and time commitments, there is also
an opportunity cost associated with the potential inability to
study other promising therapies. Aside from the issues of time
and expense, the expectation of many SCI patients as clinical
trial subjects is that the therapies they are being recruited to
test might actually be effective for them – even if the research
questions are focused on safety and feasibility. Clearly, the
decision to proceed with the clinical translation of experi-
mental treatments is not one to be taken lightly.

Despite the significant resource issues at stake when mak-
ing the decision to translate experimental therapies into
human clinical trials, no objective method exists for charac-
terizing the extent to which a particular therapy for SCI has
been scientifically investigated and critically evaluated for its
readiness for translation. Members of the stroke field, having
suffered substantial frustration in the clinical evaluation of
neuroprotective treatments that appeared ‘‘promising’’ in
animal studies (O’Collins et al., 2006), have generated useful
guidelines to direct the pre-clinical development of such in-
terventions (Fisher, Hanley, et al., 2007; Fisher, Feuerstein,
et al., 2009). Developing analogous guidelines in SCI should
be valuable, not only to provide direction about the testing of
potential SCI therapies, but also to identify important gaps in
the scientific validation and pre-clinical preparation of specific
treatments.

To generate a measure for evaluating the pre-clinical body
of literature for a specific therapy, we took a three-step ap-
proach. First, we began with an attempt to garner the per-
spectives of the scientific and clinical communities regarding
what they felt were important ‘‘evidentiary landmarks’’ in
experimental SCI studies that should be met prior to pro-
ceeding with clinical translation (Kwon et al., 2010a). This was
done with a 63-item questionnaire that was circulated to both
scientific principal investigators within the SCI field, and cli-

nicians who were involved in the care of spinal injury pa-
tients. We then used the results of this questionnaire to
generate a preliminary scoring system that incorporated the
perspectives of the respondents, particularly those who were
scientific principal investigators and clinicians. Second, a fo-
cus-group meeting of scientific experts and surgeon-scientists
within the SCI community was held, and by conducting a
modified Delphi process that involved discussion and anon-
ymous voting, the design and weighting of the scoring system
was refined. Third, the resultant scoring system was applied
to the body of systematically reviewed literature on specific
neuroprotective therapies as an illustration of its utility (see
Kwon et al., 2010b).

Methods

Scientific community survey

A 63-item questionnaire was developed in the fall of 2008
by the lead and senior authors (BK and WT) to survey the
opinion of clinical and scientific members of the SCI com-
munity on: (1) the extent of pre-clinical evidence necessary to
justify translating a potential therapy into a clinical trial; (2)
the methodology and outcome measures widely utilized in
animal-based research to generate such evidence; and (3) the
biases that influence the interpretation of that evidence. These
questions related to issues that are often discussed amongst
SCI researchers. The questionnaire asked respondents to in-
dicate their level of agreement or disagreement with a series of
minimally ambiguous statements. For each statement, re-
spondents were asked to indicate if they ‘‘strongly disagreed,’’
‘‘mildly disagreed,’’ ‘‘neither agreed nor disagreed,’’ ‘‘mildly
agreed,’’ or ‘‘strongly agreed.’’ Additionally, questions were
asked about the timing of therapeutic interventions in both
pre-clinical and clinical studies.

The three-page questionnaire was distributed at four neu-
roscience and clinical conferences in November/December,
2008 (the Canadian SCI Solutions Network Annual Meeting
and Toronto Rehab Network SCI Precourse Meeting in Tor-
onto, Ontario; the Society for Neuroscience Annual Meeting
in Washington, DC; and the Cervical Spine Research Society
Meeting in Austin, TX). Additionally, the Microsoft Word
version of the questionnaire was distributed via e-mail to
spine surgeons, clinicians, scientists, regulatory officials, and
industry representatives. Respondents were given the option
of including their name and e-mail, or could remain anony-
mous by either mailing or faxing their questionnaires back.
The questionnaire and study design was reviewed and
granted approval by the Behavioral Research Ethics Board of
the University of British Columbia.

Focus-group meeting and modified Delphi
to establish scoring system

A group of 25 scientific experts and spinal surgeon-scien-
tists were invited to participate in the focus-group meeting
and modified Delphi consensus-building exercise. For scien-
tific principal investigators, we applied the inclusion criteria
that they be actively running a basic science research program
in SCI and that they had published as the senior or lead author
at least one peer-reviewed scientific article in the past year that
involved an SCI therapeutic approach. For surgeon-scientists,
we applied the inclusion criteria that they be both the
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principal investigator in their own basic science laboratory
studying SCI and were actively involved in the treatment of
acute SCI patients.

To generate a preliminary scoring system for pre-clinical lit-
erature on a specific SCI therapy, we pooled the questionnaire
responses of the scientific principal investigators, clinician sci-
entists, and clinicians (spinal surgeons and non-surgical phy-
sicians) on specific issues germane to the question of translating
SCI therapies (such as the appropriate animal models to study
prior to human trials). This included a total of 235 questionnaire
respondents. The preliminary scoring system and the overall
rationale and plan for the focus-group meeting was then dis-
tributed for review amongst the 25 scientific experts and sur-
geon-scientists in the SCI field. We then hosted a 3-h focus-
group meeting with these individuals during the 2009 Society
for Neuroscience meeting. The purpose of the meeting was to
garner ‘‘expert’’ opinion regarding the particular weighting of
pre-clinical evidence within the scoring system. The question-
naire responses of those who confirmed their attendance were
tabulated and presented at the focus-group meeting in addition
to the responses from the larger group of 235 scientists and
clinicians. Those who had not responded to the original ques-
tionnaire completed the questionnaire prior to the meeting so
their opinions could be included in the presentation of the
group’s perspectives. Anonymous voting on subsequent ques-
tions related to the questionnaire and preliminary scoring sys-
tem was then conducted using handheld Audience Response
Systems (ARS), and the immediate display of voting responses
was used to facilitate further discussion. Using this modified
Delphi approach, areas in which consensus existed and where
consensus clearly did not exist were identified. We operation-
ally defined 81% to 100% to represent ‘‘strong agreement,’’ 61%
to 80% to represent ‘‘moderate agreement,’’ and 60% or less to
represent ‘‘poor agreement.’’ The results of the anonymous
voting and transcription of the recorded discussions were in-
corporated into a revised scoring system, which was circulated
to focus-group members for revision to establish a final scoring
system. There were two married couples in the focus-group
meeting; each individual, however, had his/her own ARS
keypad for anonymous voting, and correspondence was sent to
each individual separately.

Systematic review of pre-clinical literature

We conducted a systematic review of the pre-clinical liter-
ature on experimental SCI treatments that were already in
human clinical use for some other related or unrelated con-
ditions, or, if not currently in human use, were currently
available in a form that could be given to humans (see
Kwon et al., 2010b). Common to these agents was their ad-
ministration by systemic, non-invasive methods (i.e., thera-
pies applied by direct injection or transplantation into the cord
were reviewed elsewhere). A PubMed search on the particular
‘‘treatment’’ and ‘‘spinal cord injury’’ was performed, and the
resultant articles were included in the systematic review if
they met the following criteria: (1) studies in which the testing
of the experimental therapy was performed in an in vivo ani-
mal model of SCI; (2) studies in which the spinal cord was
traumatically injured; (3) studies in which the application of the
therapy was via the systemic circulation; and (4) at least two
peer-reviewed publications available on the therapy. The scoring
system was then applied to these therapies to illustrate its use.

A schematic of the methodological steps in devising the
scoring system is provided in Figure 1.

Results

A total of 324 responses were received between November
2008 and January 2009, a response rate of 46% of approxi-
mately 700 questionnaires that were distributed. A total of 105
respondents classified themselves as ‘‘scientific principal in-
vestigators’’ running a laboratory-based research program, 34
as ‘‘clinician scientists’’ (clinicians who additionally operate a
laboratory-based research program), 76 as ‘‘spinal surgeons,’’
20 as ‘‘clinicians’’ (non-surgical), 69 as ‘‘trainees’’ (graduate
student, post-doctoral students, research associates), and 20
as ‘‘others’’ (industry or research foundation representative,
clinical research assistants, regulatory officials). SCI patients
were not asked to participate. The analysis of the entire 324
respondents as a whole has previously been reported
(Kwon et al., 2010a). For the purposes of this current initiative,
we specifically examined the opinions of the scientific prin-
cipal investigators, clinician scientists, spinal surgeons, and
clinicians, as we felt that these were the individuals whose
opinions were most relevant to the pre-clinical development
of new therapies and the subsequent decision to translate
them into human trials. In total, this comprised the opinions of
235 respondents (105 scientific principal investigators and 130
individuals with a clinical background). The data from the
questionnaire, which are presented subsequently, represent
the responses from these 235 individuals.

For the focus-group meeting and modified Delphi consensus-
building exercise, expertise in a variety of aspects of pre-clinical
SCI research was sought amongst the attendees. Of the 25
individuals who had confirmed their participation, 21 at-
tended the meeting, which was held over 3 h on the evening of
October 17, 2009. Of these, 17 were basic scientists (PhDs)
running pre-clinical SCI research programs, and 4 were spine
surgeon-scientists (MD/PhDs) who treated SCI patients in
addition to running a pre-clinical research program. The at-
tendees of the meeting represented a wide spectrum of exper-
tise in the SCI field, having been involved in SCI research for
approximately 22.8� 2.0 years and having published approx-
imately 65.3� 11.4 peer-reviewed articles on the topic of SCI
(mean� SEM of self-reported estimates). The attendees divided
their research time amongst the following research areas: 18
reported being involved in neuroprotection research, 14 were
involved in cell transplantation treatments, 13 studied treat-
ments to promote axonal growth/sprouting (e.g., Chon-
droitinase ABC), 9 were involved in some form of rehabilitation
training research, 5 reported involvement in acute human SCI
studies, and 2 reported involvement in chronic human SCI
studies. The format was that questions were presented on a
screen, and the attendees were asked to respond amongst
predetermined choices. The option not to respond if an at-
tendee felt inadequately informed was available. After the ini-
tial determination of the range of responses, discussion ensued.
For some questions, there was a rewording of the question and
a new round of anonymous electronic response to determine if
additional consensus could be obtained (Delphi process).

Animal species used in spinal cord injury research

Questionnaire results. The first series of questions re-
lated to the importance of different animal species in the
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demonstration of efficacy of non-invasive drug therapies in
pre-clinical studies (Fig. 2). The majority of respondents (56%)
disagreed that the demonstration of therapeutic efficacy in a
rodent model of SCI alone was sufficient to proceed with
human clinical trials. However, 39% stated that efficacy in
rodents was sufficient to proceed with human clinical trials.
The study revealed moderate agreement for demonstrating
efficacy in a large-animal model of SCI (68% agreed vs. 19%
disagreed). The respondents were divided on the need for
primate models in the pre-clinical substantiation of such non-
invasive drug therapies prior to human translation.

Focus-group meeting discussion. The opinions regard-
ing animal species from the questionnaire were contradicted

to some extent by the attendees of the meeting, insofar as 83%
either strongly disagreed or mildly disagreed with the need
for primate models prior to translating non-invasive drug
therapies. Support for large-animal models was also less, with
only 50% of the attendees strongly or mildly agreeing with the
need for large-animal models in this context. With respect to
rodent models, 69% of the attendees voted that studies uti-
lizing rat models were considered to be ‘‘more relevant’’ than
those in mouse models, while the remaining 31% felt that they
were equal. While the need for large-animal models and pri-
mate models for the translation of non-invasive therapies was
questioned, 73% of the attendees voted that they would con-
sider a large-animal study to be more clinically relevant than a
rodent study (the remainder voted that they would consider

FIG. 1. Schematic of the methodological steps to developing the pre-clinical grading system.

1528 KWON ET AL.



them equally), and 83% voted that they would consider a
primate study to be more clinically relevant than a large-
animal study.

Aside from the anonymous voting on specific questions,
the dialogue on animal species included a number of com-
ments and perspectives that warrant discussion. Despite the
clear preference for studies in rat models over mouse models,
it was pointed out that depending on the research question
and pathophysiology being studied, murine models might in
some cases be more representative of the human condition.
Also, while the voting demonstrated a preference toward
higher-order animal species, it was pointed out that the sen-
timent that a therapy would more likely succeed in humans if
it were shown to be effective in large-animal or primate
models as compared to rodent models alone was a largely
intuitive yet untested assumption in SCI research. This high-
lights the fact that because a convincingly efficacious neuro-
protective therapy for human SCI is currently lacking, an
example of a ‘‘successful’’ pre-clinical research pathway is
lacking. Finally, it was pointed out that while preference for
large-animal and primate models exists, such models with
well-characterized biomechanical injury parameters and
functional outcome measures are not readily available.

Weighting within the animal species subscore. With the
results of the questionnaire and the voting of the attendees of
the focus group in mind, the following scoring system for the
evaluation of animal species utilized in the study of a non-
invasive drug therapy was generated. The demonstration of
efficacy in a mouse model of traumatic SCI received a score of
2; for rat models, a score of 4; for large-animal models in-
cluding dog, cat, rabbit, pig, and sheep, a score of 6; and for
primate models a score of 8 (see Table 1). Here, we attempted
to ‘‘balance’’ the opined hierarchy of mouse, rat, large animal,
and primate studies with the fairly strong opinion that pri-
mate models and even large-animal models were not neces-
sarily imperative for the development of non-invasive drug
therapies. In essence, the question posed here was not whe-
ther a primate study was necessary (and thus weighted more
heavily), but rather, if assessing a therapy that had been tested
in both a rodent model and a primate model, how one would
view the primate study in comparison to the rodent study if
both studies were equally sound scientifically. The temptation

to assign the primate studies more than twice the weight of
the rodent studies (they clearly require much more than twice
the effort and resources) was mitigated by the opinions on the
necessity for such studies.

One of the topics that was extensively discussed at the fo-
cus-group meeting was the issue of efficacy. Even though
primate and large-animal models of SCI are relatively rare,
and behavioral outcome metrics such as the widely used BBB
score are not well established, it was still felt that demon-
strating ‘‘efficacy’’ in these large-animal models required im-
provements in both behavioral and non-behavioral outcome
measures. Hence, for all aspects of the ‘‘animal species’’ sub-
score, achieving the criteria of demonstrating efficacy requires
both behavioral and non-behavioral improvements. There-
fore, if a published study of a therapy utilizes a sheep model
and demonstrates histologic improvements but no locomotor
improvements, the therapy would not collect a score of 6 in
this animal species subscore (unless another publication exists
in a large-animal model that demonstrates efficacy in both).
For example, in Ozdemir and colleagues (2005), magnesium
sulfate was evaluated in a rabbit model of SCI, and while
magnesium was reported to promote improvements in bio-
chemical outcomes (reducing lactate and malondialdehyde
levels), no behavioral outcomes were reported. Hence, mag-
nesium does not earn a 6 for application in a large-animal
model.

Injury models and paradigms utilized
in spinal cord injury research

Questionnaire results. A total of 71% of respondents to
the questionnaire agreed with the statement that the contu-
sion injury model was the most clinically relevant model,
while only 20% agreed that the calibrated clip compression
model was the most clinically relevant model. Importantly,
only 9% of the respondents voted that models other than
contusion/compression lesions were the most clinically rele-
vant. The group was divided on the question of whether
partial transection SCI models were valid for studying acute
neuroprotective therapies, although the majority opined that
they were not valid (56% vs. 39%). We also asked whether
animal models of cervical SCI were necessary before pro-
ceeding with human studies in which cervical SCI patients

FIG. 2. The opinions of clinicians and scientists about animal species used in pre-clinical SCI research. Color image is
available online at www.liebertonline.com/neu.
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would be enrolled. This statement received agreement from
the majority (55%) of respondents (Fig. 3).

During the focus-group meeting, we addressed three is-
sues: the preference for contusion over compression injuries,
the validity of incomplete transection injuries for neuropro-
tective studies, and the importance of cervical injury models.
Analysis of the attendees’ responses to the questionnaire re-
vealed similar opinions to the larger body of questionnaire
respondents with respect to the injury models. A total of 80%
strongly or mildly agreed with the statement that the contu-

sion model was the most clinically relevant model, while 28%
had mildly agreed with the statement that the clip compres-
sion model was the most relevant. When asked to vote spe-
cifically about the contusion versus compression, 55% voted
that the contusion model was the most relevant, while 38%
viewed contusion and compression models to be equal in
relevance, suggesting that a strong consensus on this issue did
not exist. When asked how they would ‘‘weight’’ a study
utilizing the contusion injury versus the compression injury,
again, there was a lack of clear consensus, with 41% assigning

Table 1. Preclinical Grading Scale

Animal species in which efficacy* has been demonstrated Points

Primate model of traumatic SCI 8
Large animal model of traumatic SCI (dog, cat, rabbit, pig, sheep) 6
Rat model of traumatic SCI 4
Mouse model of traumatic SCI 2
Maximum score: 20

Injury paradigms in which efficacy* has been demonstrated Points
Cervical contusion SCI models 6
Thoracic contusion SCI model 3
Cervical clip compression SCI model 6
Thoracic clip compression SCI models 3
Cervical partial transection sharp SCI model 1
Thoracic partial transection sharp SCI model 1
Maximum score: 20

Time window of efficacy* Points
Efficacy demonstrated with a treatment delay of 12 h or more 8
Efficacy demonstrated with a treatment delay of 4 h or more, but less than 12 h 6
Efficacy demonstrated with a treatment delay of 1 h or more, but less than 4 h 3
Efficacy demonstrated when treatment given immediately at the time of injury or within less than 1 h 2
Efficacy demonstrated when treatment is given prior to injury 1
Maximum score: 20

Demonstration of ‘‘clinically meaningful’’ efficacy Points
THORACIC SCI MODEL: Achievement of plantar weight support (i.e., BBB of 9) versus controls that do not,

or the achievement of consistent forelimb–hindlimb coordination (i.e., BBB of 14) versus controls that do not,
in a study with associated improvements in non-behavioral outcomes (e.g., tissue sparing).

4

THORACIC SCI MODEL: Significant improvement in other locomotor or motor behavioral tests (e.g., quantitative
gait analysis, inclined plane, swimming) or other non-motor behavioral tests (e.g., pain, autonomic dysreflexia)
in a study that also demonstrates associated improvements in non-behavioral outcomes (e.g., tissue sparing).

4

CERVICAL SCI: Significant improvement in some motor function test (e.g., food-pellet reaching, grasping,
quantitative ‘‘gait’’ assessment) in a study that also demonstrates associated improvements in
non-behavioral outcomes.

4

CERVICAL SCI: Significant improvements in other non-motor behavioral tests (e.g., pain, autonomic dysreflexia)
in a study that also demonstrates associated improvements in non-behavioral outcomes.

4

DOSE RESPONSE: Demonstrated in a single study using either the thoracic or the cervical SCI model.
The dose ‘‘response’’ is defined by improvements in either behavioral or non-behavioral outcomes
with changing doses of the therapy.

4

Maximum score: 20

Independent reproducibility/replication Points
More than 10 independent laboratories report on the beneficial effects of the therapy 20
5–10 independent laboratories report on the beneficial effects of the therapy 12
3–4 independent laboratories report on the beneficial effects of the therapy 7
2 Independent laboratories report on the beneficial effects of the therapy 3
1 independent laboratory reporting on the beneficial effects of the therapy 0
1 independent laboratory reports on the negative results on the therapy �3
2–3 independent laboratories report on the negative results of the therapy �7
4–9 independent laboratories report on the negative results of the therapy �12
More than 9 independent laboratories report on the negative results of the therapy �20
Maximum score: 20
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more weight to contusion injuries, 18% assigning more weight
to compression injuries, and 41% assigning equal weight to
them.

With respect to the issue of incomplete transection models
in the questionnaire, 64% of the attendees had strongly or
mildly disagreed with the statement that these were valid
models to study acute neuroprotective therapies, while 36%
had strongly or mildly agreed that they were valid. When
asked during the focus meeting specifically about the relative
relevance of blunt (contusion or compression) and incomplete
transection models, 89% voted that they viewed the blunt
injury model to be of greater relevance, while 11% voted that
blunt and partial section models were of equal relevance.
When asked to assign a weighting to blunt models with re-
spect to partial section models, 50% and 25% indicated that
they would assign, respectively, triple or double the weight to
studies utilizing blunt injury models.

Finally, with respect to the issue of cervical versus thoracic
injury models, the attendees were first asked if they consid-
ered one particular model to be more relevant than the other
for the development of acute neuroprotective therapies.
Worded in this fashion, 61% voted that they were of equal
relevance, while the remaining 39% voted that the cervical

models were more relevant. After some discussion, the
question was posed again within the context of a therapy
being administered to a cervical SCI patient. Under these
conditions, 94% voted that the cervical models were more
relevant than thoracic models, and only 6% voted that the two
were equally relevant.

The discussion of injury models was vigorous, particularly
around the issue of the contusion versus compression injury
models. It was commented that the apparent preference for
the contusion injury model – both in the large body of ques-
tionnaire respondents and amongst the ‘‘SCI experts’’ at-
tending the meeting – might in part reflect the relative
familiarity with and the relative use of these various models.
Merits of both contusion and compression models were dis-
cussed at length, and emerging from this came the general
agreement that demonstrating efficacy in both injury models
would be an important evidentiary landmark, recognizing
that, across the spectrum of human cord injury mechanisms,
there are differing rates of sudden and violent contusive force
and varying degrees and durations of compression. There
was a lack of a consensus regarding contusion versus clip
compression, although it was evident that some felt strongly
about the superiority of the contusion injury model, while

FIG. 3. The opinions of clinicians and scientists about injury models used in pre-clinical SCI research. Color image is
available online at www.liebertonline.com/neu.
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others felt strongly about the superiority of the compression
model. The attendees clearly were in consensus regarding the
relative importance of blunt injury models over partial section
models, and cervical injury models for the development of
treatments administered to cervical SCI patients.

Weighting within the injury model subscore. Based on the
data from the questionnaire and the discussion during the
focus-group meeting, the following weighting scheme was
proposed (see Table 1). Due to the lack of clear consensus re-
garding the relative merit of contusion versus clip compression,
we assigned these equal weighting. While this could be de-
bated given the opined preference of the contusion injury
model in the questionnaire, a clear consensus was not achieved
about the relative weighting of the contusion and clip com-
pression injuries, and hence we weighted them equally. Given
that any clinical trial of a non-invasive and potentially neuro-
protective intervention will likely be administered to cervical
SCI patients (and possibly exclusively to cervical SCI patients),
the strong consensus within the group prompted us to weight
cervical injury models substantially higher than thoracic injury
models. And considering the strong preference for blunt injury
models, we weighted partial section models lightly, irrespec-
tive of whether they were conducted in the cervical or thoracic
region. Hence, we assigned cervical contusion or clip com-
pression injuries a score of 6, thoracic contusion or clip com-
pression injuries a score of 3, and partial section injuries a score
of 1. To recognize the perceived value in having efficacy
demonstrated in different injury models, each of these injury
models was weighted individually, so that a therapy could
accrue more points for being shown in both a contusion and
compression injury model, for example. Hence, in theory, a
treatment with efficacy demonstrated in cervical and thoracic
contusion, clip compression, and partial injury models would
score a total of 20 points. As in the ‘‘animal species’’ subscore,
efficacy here represents the demonstration of improvements in
both behavioral and non-behavioral outcome measures.
Therefore, if a published study of a therapy utilizes a cervical
contusion and demonstrates histologic improvements but no
locomotor improvements, the therapy would not earn a 6 in
this injury paradigm subscore for this study.

Time window of efficacy

Questionnaire results. In this question, we posed the
hypothetical scenario of an acute neuroprotective therapy that
was administered within 12 h of injury in humans and asked
respondents what time window of efficacy would be needed
in pre-clinical studies to justify this inclusion criteria in human
trials. Responses were grouped in the following manner: 0–
1 h, 2–4 h, 6–8 h, or 12–24 h. Interestingly, the most prevalent
responses were 12–24 h followed by 6–8 h, 2–4 h, and fewer
than 10% of individuals believed that a 0–1 h time window
was sufficient (Fig. 4).

Focus-group meeting discussion. The attendees’ responses
to the questionnaire on this topic had approximately 33%
choose 2–4 h, 18% for 6–8 h, and 42% for 12–24 h. The at-
tendees were asked specifically whether they felt that the time
window of pre-clinical studies should match that of the hu-
man inclusion time window, or whether a shorter time win-
dow could be appropriately used. A total of 44% voted for the

equivalent time window, while 56% voted that a shorter time
window could be used. The attendees then voted on what
they felt a ‘‘minimum’’ time window would be for an acute
neuroprotective therapy being administered to human pa-
tients within 12 h of injury. A total of 59% and 24% of the
attendees voted for 4 h or 8 h respectively. We then posed
specific questions to address the other end of the time-
window spectrum: those studies in which the therapy was
applied either before the time of injury or immediately after
the injury was induced. For studies in which the therapy was
administered prior to the injury, 39% voted that they would
assign no weight to such studies, while the remaining 61%
voted that while they would not ignore these ‘‘pre-treatment’’
studies, they would assign them the lowest weight possible.
For studies in which the therapy was administered right at the
time of injury, 88% felt that these should be weighted either
equal or just marginally heavier than ‘‘pre-treatment’’ studies.

The discussion around this topic revealed that there is great
uncertainty about the temporal progression of pathophysio-
logic processes in acute human SCI and how this correlates
with animal models (rodents in particular). Given this, the
discussion regarding appropriate time windows for pre-
clinical studies is hampered by speculation and the recog-
nized limitations of our current understanding. There was
reluctance therefore in establishing a firm ‘‘threshold’’ for
what the minimum time window of efficacy should be as a
‘‘standard’’ for moving a therapy forward into clinical trials.
Nevertheless, there was little argument that for a therapy
whose efficacy had been demonstrated when administered
prior to or at the time of injury, it would be highly desirable to
see further evidence of efficacy at later time points.

Weighting within the time-window subscore. With this, we
established the following scoring system for time window of
efficacy (see Table 1). Studies in which efficacy was demon-
strated with pre-treatment were assigned a score of 1, the
lowest score possible. Studies with immediate treatment or
treatment within 1 h later were given a score of 2. Treatment
delays of 1 h but less than 4 h were given a score of 3. Given
that the majority felt that 4 h was a ‘‘minimum,’’ we assigned
studies with a treatment delay of at least 4 h but less than 12 h

FIG. 4. The opinion of clinicians and scientists about the
time window of efficacy requirements for acute neuropro-
tective therapies.
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a score of 6. Efficacy demonstrated with a delay of 12 h or
more was given a score of 8. Here, we would define ‘‘efficacy’’
as the demonstration of improved behavioral and non-
behavioral outcomes. So, for example, in an evaluation of
magnesium, Kwon and colleagues (2009) tested a treatment
delay of 2, 4, and 8 h post injury. At 8 h post injury, magne-
sium promoted statistically significant reduction in lesion
size, but the behavioral recovery (BBB) was not statistically
significant. At 4 h post injury, magnesium promoted a sta-
tistically significant improvement in both lesion size and BBB
scores. Hence, for this study, the maximal time window of
efficacy is 4 h, not 8 h.

Demonstration of ‘‘clinically meaningful efficacy’’

Questionnaire results. A myriad of behavioral and non-
behavioral outcome measures are used to report the results of
experimental treatments in pre-clinical animal SCI studies.
These include such measures as locomotor recovery (e.g., BBB
scores, catwalk, ladder footfall testing), non-motor recovery
(e.g., mechanical allodynia), and histological/anatomical
changes (e.g., lesion size, white matter sparing). Here, we
sought perspectives on what results and findings were
viewed to represent ‘‘clinically meaningful efficacy.’’ There
was moderate agreement (79%) for the statement that a dose
response relationship should be demonstrated before a ther-
apy is tested in clinical trials. With respect to locomotor re-
covery, there was moderate agreement for the statement that
the achievement of plantar weight support on the BBB scale
(versus controls that did not achieve weight support) re-

presented ‘‘clinically meaningful efficacy.’’ Similarly, the
achievement of forelimb/hindlimb coordination on the BBB
scale was also felt to represent clinically meaningful efficacy.
The majority (61%) regarded non-locomotor behavioral re-
covery in such aspects as autonomic function and neuropathic
pain to be clinically meaningful. In the absence of associated
behavioral improvements, the majority (61%) did not view
improvements in histological/biochemical/physiological out-
comes to be important (Fig. 5).

Focus-group meeting discussion. This topic expectedly
generated the most intense discussion (and anticipating this to
be the case, we addressed this topic first during the meeting).
To frame the discussion for the attendees, we clarified at the
beginning of the meeting that the purpose of this exercise was
to consider the pre-clinical evidence supporting the argument
for human translation of a particular therapy; within this
context, it was proposed that studies focused on biologic
mechanisms might have less importance than studies with
behavioral outcomes. There was vigorous discussion of the
merits of this proposition (as one might expect given the sci-
entific background of the attendees). When asked to distin-
guish ‘‘behavioral outcomes’’ such as locomotor function or
‘‘non-behavioral outcomes’’ such as histological evidence of
tissue sparing, 70% voted that the behavioral outcomes were
more important than the non-behavioral outcomes in deter-
mining a therapy’s potential for translation, and 30% voted
that they were equal. However, in the ensuing discussion, it
was clear that many attendees found this distinction to be

FIG. 5. The opinion of clinicians and scientists about what constitutes ‘‘clinically meaningful efficacy.’’ Color image is
available online at www.liebertonline.com/neu.
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difficult, and they assigned great importance to the demon-
stration of both behavioral and non-behavioral improvements.
While there was general agreement that one would never
translate a treatment into humans solely on the basis of his-
tological findings in the absence of some demonstrable func-
tional benefit (and hence the importance of behavioral
outcomes), there was also a strong sentiment that a treatment
with only a behavioral effect (e.g., improved hindlimb func-
tion) but no associated improvement in any non-behavioral
outcome measure (e.g., tissue sparing, axonal sprouting)
would be viewed as being premature for translation.

With regards to behavioral outcomes measured in pre-
clinical research, there are many different metrics used, and
we attempted to delineate how these were viewed with re-
spect to one another. The attendees were asked about the
relative importance of those outcomes assessing some form of
motor recovery and those ‘‘non-motor’’ outcomes addressing
such issues as autonomic dysreflexia or pain. For acute neu-
roprotection studies, 58% felt that all of these types of out-
comes were equal, while 37% felt that the motor outcomes
were more important. Amongst the motor outcomes available
for thoracic SCI models, 65% felt that improvements on the
BBB scale were just as important as improvements on other
locomotor tests (e.g., catwalk/quantitative gait assessment,
ladder stepping), while 30% felt that the BBB score improve-
ments were less important. With respect to the BBB scale, 88%
voted that the achievement of weight-supported stepping in
treated animals compared to control animals that did not
achieve weight-supported stepping was considered to be
‘‘clinically meaningful efficacy.’’ A total of 80% voted that the
achievement of forelimb–hindlimb coordination in treated
animals compared to control animals also represented ‘‘clin-
ically meaningful efficacy.’’

Recognizing that most of the outcome measures related to
thoracic SCI models, we also attempted to garner the per-
spectives of the attendees on behavioral outcomes in cervical
SCI models. Given the choice between the food pellet reaching
test, grasping/grip strength, forelimb use in locomotion
(catwalk/quantitative ‘‘gait’’ assessment), cylinder test (rear-
ing/vertical exploration within a cylinder), horizontal ladder
(forelimb errors while crossing), and sticker removal test, 31%
voted that they considered all to be equal, 31% voted that the
food pellet reaching test was most relevant, and 19% voted
that the grasp/grip strength test was most relevant. It was
implied during the discussion that, for cervical models, be-
havioral metrics should include an assessment of forelimb
function, given that upper extremity function is the chief
priority of quadriplegic patients.

Finally, on the issue of ‘‘dose response,’’ we asked whether
the ‘‘response’’ would have to be in both behavioral and non-
behavioral outcome measures in order to fulfill this criterion
for ‘‘clinically meaningful efficacy.’’ Here, 100% of the at-
tendees voted in favor of considering either a behavioral or
non-behavioral effect at different doses as evidence of a ‘‘dose
response.’’

Weighting within the clinically meaningful efficacy sub-
scale. We attempted to include the following general per-
spectives voiced at the focus-group meeting in developing the
subscore for the demonstration of clinically meaningful effi-
cacy. It was evident that while behavioral outcomes were
considered by some to be more important than non-behav-

ioral outcomes for the decision to translate a specific SCI
therapy, the attendees assigned greater strength to the dem-
onstration of both. Hence, in this subscore, points for the
demonstration of clinically meaningful efficacy were assigned
only if a study reported both a behavioral improvement and
some associated non-behavioral improvement. For thoracic
SCI models, milestones for what was considered to be a
‘‘significant improvement’’ on the BBB scores were applied
based on the discussion, but improvements in other tests of
motor function or tests of non-motor functions (e.g., pain)
were also considered with equal importance.

For cervical SCI models, because of the lack of consensus
regarding what the ‘‘most relevant’’ motor outcome measure
was, we graded them all equally. It is recognized that as
cervical models become more commonly employed, further
behavioral outcome measures for forelimb function will be
developed. We also recognized that hindlimb locomotor
testing may also be done in cervical models, and these results
are difficult to discount, even if upper extremity recovery is a
priority for cervical quadriplegics. Hence, for any motor im-
provement in the cervical model, we assigned a score of 4. We
additionally assigned equal weight to non-motor behavioral
outcome measures such as pain or autonomic dysreflexia in
these cervical models. The subscore therefore included ‘‘equal
opportunity’’ for accruing points in thoracic and cervical SCI
models. Hindlimb tests such as the BBB score in cervical
models would be evaluated using the same criteria as in
thoracic models, but would be considered under the heading
of ‘‘any motor function test’’ for cervical SCI models. This
eliminates the possibility that a cervical SCI study that noted
significant improvements in forelimb motor recovery, pain,
BBB scores, and catwalk would achieve a maximal score of 8
and not 16 in the ‘‘clinically meaningful efficacy’’ section.

Dose response (as defined as either behavioral or non-
behavioral effects) could be demonstrated in either cervical or
thoracic injury models. Given that the subscore title of ‘‘clin-
ically meaningful efficacy’’ implies some element of relevance
to the human setting, we propose that results from studies in
which a drug was applied prior to the injury not be included
in the calculation of this subscore. Such studies which reveal
efficacy (both behavioral and non-behavioral) are not ignored,
insofar as they do achieve a score of 1 in the ‘‘time window of
efficacy,’’ but it did not seem reasonable to consider their
demonstration of efficacy in the same manner as that of
studies that instituted a lengthy delay between injury and
intervention.

For the BBB scores of achieving plant weight support (BBB
of 9) or consistent forelimb–hindlimb coordination (BBB of
14), we would use the ‘‘rounded up’’ BBB score reported in the
article, given that the BBB scale only has integers. So, for ex-
ample, if the average BBB was 8.8, we would round up to 9.

Independent reproducibility/replication

Questionnaire results. The question that evoked the
most unanimous response related to the issue of independent
replication. Over 95% of respondents agreed with the state-
ment ‘‘If a promising therapy has been developed primarily
by a single laboratory, its efficacy should be replicated by an
independent laboratory before it is translated into clinical
trials.’’ The response was strongly agree in 75% of the re-
spondents, and mildly agree in 21%. This strong sentiment
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for independent replication may be attributable in part to a
widely perceived bias against the publication of negative
data. A total of 83% of respondents agreed with the state-
ment ‘‘Scientists are reluctant to publish their own negative
results on a therapy.’’ For scientists who had a vested interest
in a specific therapy (meaning that they were either well
known for it or had commercialized it), the expectation that
negative results would not be published was even higher
(89%; Fig. 6).

Focus-group meeting discussion. The questionnaire re-
sponses from the attendees were quite similar to that of the
larger group of clinicians and scientists, with 17% mildly
agreeing and 83% strongly agreeing that independent repli-
cation was necessary. The issues we attempted to address
during the meeting were how to view studies reporting neg-
ative results, particularly when these were ‘‘formal replica-
tion’’ studies. All attendees voted that they would consider
negative studies in the overall assessment of a therapy’s
‘‘promise,’’ and provided that a negative study was as well
executed and carefully described (i.e., considered to be of
‘‘equal quality’’), 81% voted that they would assign equal
weight to such a study as they would a positive study. The
equal weighting of negative studies was interesting on two
fronts. First, by assigning equal weight to the publication of a
well-performed negative study, there was no ‘‘adjustment’’ in
the weightings to take into account the very strong perception
that many negative studies are not being submitted for pub-
lication (a phenomenon that was personally confirmed by
individuals in the room). Second, and perhaps most impor-
tantly, the equal weighting was viewed to be a strong message
to the scientific community and editors of peer-reviewed
scientific journals that a carefully performed experimental
study with negative results should be considered with equal
merit and importance to a positive study, despite the com-
monly perceived ‘‘lack of novelty’’ of the former.

An interesting discussion then ensued around the issue of
formal replication studies and how to view negative results
from these studies in comparison to negative results from labs
not explicitly attempting to reproduce the experimental con-

ditions described by another laboratory. There were a number
of important points raised during this discussion. First, there
was general agreement that there was indeed some merit to
attempting to reproduce the efficacy of a therapy using ex-
actly the same experimental conditions, in an effort to confirm
the robustness of the therapeutic approach. There was, how-
ever, an opinion that the robustness of the therapy might be
better revealed by demonstrating efficacy in different experi-
mental conditions – an opinion that we attempt to capture, for
example, in the subscores that assign weight to the demon-
stration of efficacy in different animal models and injury
models. Second, a number of individuals pointed out that
even for the most well-intended and carefully performed
formal replication study, it was difficult – if not impossible –
to reproduce every experimental condition from the ‘‘index’’
study. An anecdotal example was provided about marked
differences in secondary damage observed after the same
thoracic contusion injury in the same rat species of the same
age, gender, and weight obtained from the same company but
from different distributors.

Counterbalancing these concerns about the limitations of
formal replication studies was the described analogy between
such experimental studies and Phase 2 or Phase 3 clinical
trials. It was put forth that the vast majority of scientific ex-
perimental studies (and their subsequent publications) are
akin to Phase 2 clinical trials where the treatment is admin-
istered, a host of behavioral and non-behavioral outcomes are
measured, and the outcomes that are positive are reported as
evidence that the treatment was effective. In contrast, formal
replications are more like Phase 3 clinical trials where the
exact primary outcome that will be used to determine the
effectiveness of the treatment is determined a priori, and must
be achieved as prescribed in order for the agent to be con-
sidered ‘‘efficacious.’’ This is a considerably higher bar to set in
both clinical and experimental settings, and thus argues in
favor for the importance of replication studies (despite their
inherent limitations). Along the lines of this discussion, it was
commented that a positive replication study might then be
considered a very important evidentiary finding. When then
asked to vote about this issue, 56% voted that they would

FIG. 6. The opinion of clinicians and scientists about perceived bias in pre-clinical SCI research. Color image is available
online at www.liebertonline.com/neu.
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weight a negative formal replication study with equal weight
to a positive study – in essence, viewing the negative formal
replication study to be no different from any other negative
study done without a formal attempt to replicate the results of
another lab. The remaining 44% assigned the formal replication
study twice the weight, indicating a perceived distinction for
these studies. It was recognized that the achievement of inde-
pendent ‘‘replication’’ would be an important demonstration of
an experimental therapy’s ‘‘robustness,’’ particularly given the
difficulties to date in replicating promising data, and the rec-
ognition that study-to-study variation inevitably exists, even in
the most carefully conducted ‘‘replication’’ study.

Weighting within the independent replication subscale. The
weightings within this subscale were mathematically ar-
ranged to reflect the following two sentiments: (1) the strong
agreement (81%) that negative studies should be considered
equally (but not necessarily more) to positive studies; and (2)
the lack of consensus on the relative weighting of formal
replication studies (56% equal weight versus 44% greater
weight; Table 1). Given that everyone in the focus-group
meeting indicated that negative studies should be considered
in some manner (i.e., not ignored), it is proposed in the sub-
scale to assign points for the accumulation of studies de-
scribing positive results on a therapy, and then to assign
equivalent ‘‘negative’’ points for the accumulation of studies
describing negative results on the same therapy. Given the
arguments around replication studies, these were not as-
signed any distinct weighting either for negative or positive
studies. Also, given that this category reflects ‘‘independent’’
replication and reproducibility, the weightings were assigned
not according to the number of published studies, but rather
on the number of independent laboratories that had reported
on the therapy.

There were some additional considerations in the assigning
of scores. Importantly, if an article reported a beneficial/
positive effect of the therapy, it was counted as a positive
study, even if the reported effects did not achieve points on
the ‘‘clinically meaningful efficacy’’ subscore. For example, if a
therapy had significantly improved BBB scores from 10 to 12,
while this would not be sufficient to get the four points in the
clinically meaningful efficacy subscore, we would count it as a
‘‘positive’’ study for the purpose of assessing independent
replication. Also, if an article reported positive behavioral
outcomes (e.g., improved BBB scores) but negative non-
behavioral outcomes (e.g., no change in lesion sparing), we
viewed this to be a ‘‘neutral’’ study, and it was neither ‘‘pos-
itive’’ nor ‘‘negative.’’ The same applied for a study with im-
proved histology but unimproved behavioral outcomes: it
seemed appropriate to describe this as neither a positive nor a
negative study. In the scoring system, it is assumed that there
is always an ‘‘index’’ positive study from one lab, and so the
therapy gets a score of 0 if there are no other studies from any
other lab. If there is another study reporting beneficial effects
from an independent lab, then the therapy has been reported
by two independent laboratories and it receives a score of 3.
Hence, the equivalent score of�3 points would be given with
one additional negative study.

A consideration warranting comment is that this subscore
seems to punish severely those therapies that come exclu-
sively from a single laboratory. A therapy that has been ex-
tensively but exclusively studied by a single laboratory would

actually score 0 in this subscale, even if its neurological effi-
cacy might be demonstrable in numerous studies from the
same laboratory. Nonetheless, it is hard to justify a different
score for the criteria of ‘‘independent’’ replication. For a
treatment that has been extensively published on – albeit al-
ways from the same laboratory – the ‘‘harshness’’ in this
replication subscale will be mitigated by the other four sub-
scores, where it is likely that such a treatment will pick up
more points for fulfilling other criteria (particularly, with re-
spect to the demonstration of clinically meaningful efficacy,
and the establishment of a time window of therapeutic effi-
cacy). Conversely, a therapy that has not been extensively
studied and has only been reported by a single lab would do
poorly throughout, as would be expected.

Example of the scoring of a neuroprotective
treatment

As a demonstration of how this scoring system is applied,
we take the example of erythropoietin (Table 2). The sys-
tematically collected literature on this drug included 19
studies (see Kwon et al., 2010b). All of these studies were
done using rat species, with the exception of one study that
used a mouse model. Therefore, for the ‘‘animal species’’
subscore, erythropoietin receives a score of 6: 4 for the pub-
lication of studies demonstrating behavioral and non-
behavioral efficacy in rats, and 2 for the same in mice.

The majority of erythropoietin studies employed a thoracic
contusion SCI models, although there were six aneurysmal
clip or rod compression models and one model that em-
ployed a unilateral thoracic hemisection. No cervical in-
jury models were employed in the study of erythropoietin.
Therefore, for the ‘‘injury paradigm’’ subscore, erythropoietin
receives a 6: 3 for efficacy in a thoracic contusion model, and 3
for a thoracic clip compression model, While a 1 would also
be scored for the study by King and colleagues (2007) using a
partial thoracic transection model, the positive results in this
study were only in histological measures and no behavioral
outcomes were reported, and so it does not satisfy the crite-
ria of demonstrating both behavioral and non-behavioral
efficacy.

In terms of the time window of efficacy, in approximately
half of the studies, erythropoietin was administered at the
time of injury. The delay was 30 to 60 min in their remainder
of studies. The study by Gorio and colleagues (2005) evalu-
ated a 24- and 48-h time window, but in these, only a small
improvement in BBB was noted for up to 3 weeks post injury,
but at the final 4-week post-injury assessment, animals treated
with these extended time windows of intervention were not
improved over saline controls. The drug did not appear to
have efficacy with this extended time window. Therefore, for
the ‘‘time window of efficacy’’ subscore, erythropoietin re-
ceives a 5: 3 for efficacy demonstrated with a delay of 1 h or
more but less than 4 h, and a score of 2 for efficacy with a delay
less than 1 h.

For the demonstration of clinically meaningful efficacy,
erythropoietin scores very well, in part due to the large
number of studies. A dose effect was demonstrated by Kap-
tanoglu (2004), Gorio (2005), and Kontogeorgakos (2009). The
achievement of plantar weight supported stepping and fore-
limb/hindlimb coordination on the BBB scale was reported.
Improvements in other motor behavioral outcomes such as
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the swimming test were reported (although these were as-
sessed no later than 2 weeks post injury). Improvements in
non-motor outcomes such as mechanical allodynia or auto-
nomic functions have not been demonstrated. This gives
erythropoietin a total of 12 out of 20 possible points on the
‘‘clinically meaningful efficacy’’ subscale.

In the final consideration of independent reproducibility
and replication, nine independent laboratories reported on
the beneficial effects, while three reported negative results
(including one attempted formal replication). The nine posi-
tive articles gives erythropoietin a score of 12, but the three
negative articles subtracts seven points. Therefore, for ‘‘inde-
pendent reproducibility/replication,’’ erythropoeitin receives
a score of 5.

The final tally of scores related to each of the above mea-
sures gives erythropoietin a total score of 34 (6þ 6þ 5þ
12þ 5).

To put such a score into perspective, one could consider
translating a treatment that was found in a single laboratory
to be effective in a rodent model of SCI. Such studies are quite
common: a drug administered at the time of a thoracic con-
tusion injury promotes tissue sparing and a significant im-
provement in BBB scores, with controls getting an 8 and
treated animals achieving a 12. If this one study constituted
the ‘‘body of literature’’ on the particular treatment, it would
get a 4 in ‘‘animal species’’ for demonstrating efficacy in a
rodent model, a 3 for ‘‘injury paradigms’’ for demonstrating
efficacy in a thoracic contusion model, a 2 for ‘‘time window of
efficacy’’ for demonstrating efficacy when given at the time of
injury, a 4 for ‘‘clinically meaningful efficacy’’ for the BBB
score improvement, and a 0 for ‘‘independent reproducibili-
ty/replication,’’ given that it was the only independent labo-
ratory reporting the beneficial effects on the therapy. That
would give it a final score of 13 (4þ 3þ 2þ 4þ 0).

Applying the score to systematically reviewed acute
neuroprotective therapies

The other method for putting erythropoietin’s score of 34
into perspective is to measure it against other systemically
administered neuroprotective therapies whose pre-clinical

literature was systematically reviewed in the same fashion.
Table 3 includes all of the treatments in our systematic review.
The therapies are listed in the order of number of published
studies that met the criteria for the systematic review, with the
exception of ‘‘NSAIDS,’’ which we divided into the two
NSAIDS most commonly studied: ibuprofen and indometha-
cin. The individual tables, which include the scoring of each
therapy, are included in the Supplementary Data (Supple-
mentary Data are available online at www.liebertonline.com/
neu).

At the outset, it is noted that the criteria upon which the
scores were based were derived in a systematic, stepwise
fashion. First, by using the results of the questionnaire circu-
lated in 2008, we came up with the first version of a scoring
system that included the five general subscores: animal spe-
cies, injury model, time window of efficacy, clinically mean-
ingful efficacy, and independent reproducibility/replication.
Then, after utilizing the discussion and voting results of the
focus-group meeting held in October 2009, we derived a
second version of the scoring system with revised criteria for
how each subscore would be specifically graded. This was
then sent around to all the authors and, based on comments
and suggestions, a final version of the scoring system was
generated. These criteria were then applied consistently
across all of the neuroprotection therapies. To minimize bias,
it was felt that the first step was to decide upon the subscores
and the criteria by which they would be scored, based on what
the researchers felt was appropriate. We then applied this
scoring scheme to all of the treatments uniformly. Looking at
the final scores might naturally stimulate further discussions
to revise elements of the scale. While this is totally appropri-
ate, we felt that the most ‘‘unbiased’’ way to develop an ob-
jective scoring system would be to focus on the criteria, and
then once agreement upon the criteria were reached, to apply
this to the treatments. Changing the criteria according to the
final scores of the therapies introduces the possibility of bias,
as researchers who ‘‘perceive’’ that one therapy is better than
another can alter the scores by weighting specific categories
more heavily than others. Ultimately, we were aiming to de-
velop a scoring system that could be ‘‘objectively’’ applied to
the body of literature that exists on a particular therapy.

Table 3. Scores for Neuroprotective Therapies

Therapy
Animal
species

Injury
model

Maximum time
window of efficacy

Clinically
meaningful efficacy

Reproducibility/
replication Total

Erythropoietin 6 6 5 12 5 34
Systemic Hypothermia 4 18 3 12 5 42
Ibuprofen 4 4 10 8 7 33
Indomethacin 10 6 2 8 5 31
Anti-CD11d antibodies 4 3 9 8 0 24
Minocycline 6 8 13 16 5 48
Progesterone 4 3 2 4 0 13
Estrogen 6 6 3 0 9 24
Magnesium 4 6 11 12 12 45
Riluzole 4 9 5 8 7 33
Polyethylene Glycol 10 12 11 4 4 41
Atorvastatin 4 3 10 4 3 24
Inosine 6 1 8 4 7 24
Pioglitazone 4 3 5 12 3 27
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Discussion

The scoring system that we devised is an academic per-
spective on the issue of translation, and we recognize that
other considerations, particularly that of the commercial
potential of a therapy, have a significant influence on the
process of translating an experimental therapy from bench to
bedside. The use of such a grading system is meant to provide
an objective measure of the ‘‘translational potential’’ of a
specific therapy based on a systematically collected set of lit-
erature supporting its application in acute SCI. The general
elements of the grading system were based on perspectives
and opinions provided by over 200 clinicians and scientists in
the SCI field in the questionnaire that was distributed in the
fall of 2008 (see Kwon et al., 2010a). The results of this ques-
tionnaire highlighted strong opinions about the importance of
animal species, injury models, time windows of efficacy,
demonstrations of efficacy, and independent replication. To
some extent, the survey also provided important guidance
about what criteria to exclude, such as pre-clinical efficacy in
other acute or chronic neurologic conditions (e.g., stroke, TBI,
Parkinson’s, MS, ALS). We also considered it reasonable to
exclude any consideration of safety, as this is ultimately a
regulatory issue for all neuroprotective agents. The issue of
pain is included as a ‘‘non-behavioral’’ outcome metric as a
number of investigators are evaluating therapeutics that
might reduce neuropathic pain.

To refine the grading system, we conducted a modified
Delphi consensus-building approach at a focus-group meet-
ing in October 2009, which included scientists and surgeon-
scientists in the SCI research field. Although both clinicians
and scientists are important participants in the dialogue on
translating therapies from bench to bedside, many clinicians
lack detailed and current knowledge of the animal and injury
models utilized in pre-clinical experimental research. The
opinions of clinicians should not be discounted, given that
they ultimately will have a major role in deciding for which
experimental therapies they will choose to recruit patients.
However, for the purposes of deciding how to prioritize the
significance of specific pre-clinical data elements, the scientist
principal investigators who have a more intimate knowledge
of the many nuances of such experiments are arguably better
equipped. While the overall structure of the scoring system
and subscales were based on the opinions voiced by both
clinicians and scientists, how the pre-clinical data would be
scored and weighted within each subsection was felt to be
best determined by those who are very experienced with pre-
clinical experimental methodology (particularly as it pertains
to animal and injury models). It is for this reason that only
scientists or spine surgeon-scientists (all of whom are princi-
ple investigators of a scientific research laboratory) were in-
vited to participate in the focus-group meeting, during which
the weighting within each subscale was discussed and de-
bated. The weightings that emerged from the meeting were
distributed amongst the focus-group attendees, and an ex-
ample of how the scores were applied to a therapy (erythro-
poietin) was provided. The final scoring system was then
established based on comments and feedback, and this was
applied to all of the therapies in the systematic review on
neuroprotective treatments (see Kwon et al., 2010b).

A few observations can be made based on scoring of the
therapies by the pre-clinical grading scale. First, the more

extensively studied treatments with greater numbers of
publications do better, provided that they are studied by
different labs. This is reflected in the scores for systemic hy-
pothermia and minocycline, for example. The multiple dif-
ferent labs increase the chance that the treatment will gain
more points for being studied in different animal species,
using different injury models, and with longer delays in in-
tervention being attempted. Additionally, there is a greater
chance of gaining points for satisfying different criteria for
‘‘clinically meaningful efficacy,’’ and for achieving indepen-
dent replication. Conversely, a treatment where all of the
publications come from a single laboratory scores relatively
poorly, not only because of the reproducibility issue, but also
because of the homogeneity of the animal species and injury
model, which would be expected within a single lab. Studies
where the therapy was administered prior to injury fared
poorly, because even though they received a token score of 1
on the ‘‘time window of efficacy,’’ we did not consider any of
their behavioral improvements to represent ‘‘clinically
meaningful efficacy’’ because they were attained in a thera-
peutic paradigm that is clearly inapplicable clinically. And
finally, therapies scored poorly if most of their studies re-
ported only non-behavioral improvements without any be-
havioral outcomes, given the requirement for behavioral
efficacy in the animal species, injury model, time window of
efficacy, and 16 of 20 points in the clinically meaningful effi-
cacy subscore.

This scoring scheme is a first attempt to generate a quan-
titative system to evaluate, objectively, pre-clinical evidence
for potentially promising experimental treatments for acute
SCI. As an academic exercise contributed to by both clinicians
and scientists in the SCI field, it is by no means intended to
represent a regulatory guidance document describing what
must absolutely be done in pre-clinical studies prior to human
translation. The scoring system, in essence, attempts to reflect
how extensively a particular therapy has been studied, and
any given treatment logically accrues points and a higher
score as the body of peer-reviewed literature on it incremen-
tally grows. For the subscores of ‘‘time window of efficacy’’
and ‘‘independent replication,’’ there is an ordinal progression
of the weightings reflecting the simple concept that longer
time windows and more independent studies would be more
predictive of clinical efficacy. For the other subscores of ‘‘an-
imal species,’’ ‘‘injury models,’’ and ‘‘demonstration of clini-
cally meaningful efficacy,’’ the weightings are assigned
categorically, reflecting the value in a therapy being studied in
a multitude of settings and therefore accruing credit for the
breadth of investigation. This scoring system also provides an
objective perspective regarding the ‘‘translational readiness’’
of an SCI therapy that has been demonstrated in one single
study from one lab. While such a ‘‘perspective’’ might seem
obvious, human translation has proceeded in the past on the
basis of this very limited peer-reviewed pre-clinical literature.

While this initiative was inspired to some extent by the
leadership of the stroke field in establishing the STAIR
guidelines, the end result differs importantly in that we have
put forth a quantifiable measure based upon similar per-
spectives on analogous guidelines, such as the use of different
animal models and the need for therapeutic window analysis.
We acknowledge that the merits of proposing a quantifiable
measure versus simply laying out guidelines could be de-
bated (and indeed were within the members of the focus
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group). Given that STAIR-like guidelines do not currently
exist for SCI, it would not have been a trivial contribution to
simply outline a series of similar guidelines for consideration
in pre-clinical SCI research (such as, for example, the desir-
ability for studies in multiple animal models and the need for
time-window studies). However, in this initiative, we at-
tempted to achieve a deeper perspective on these important
issues by applying some measure of quantification. So, for
example, if multiple animal models are considered important,
which animal models should they be? Are they all considered
equally, or are some more ‘‘relevant’’ than others? Is one in-
jury mechanism (e.g., contusion) as important as another (e.g.,
laceration)? If everyone believes that time-window studies are
important for neuroprotective agents, what time windows of
efficacy should be demonstrated? Is efficacy in one time
window (e.g., 4 h post injury) viewed the same as another
time window (e.g., 1 h)? The grading system attempts not
only to identify which types of studies are important in the
pre-clinical development of a therapy, but also to provide
perspective on how many have actually been done.

Having said this, this method of scoring has a number of
inherent limitations, which are important to point out. First, in
the rather simplistic way of adding up scores as they are
achieved by the publication of further results on a particular
therapy, a proposed treatment can potentially achieve a rel-
atively high score even in the absence of some important ev-
identiary elements. For example, a therapy that is studied by
many independent labs but with a time window of efficacy of
no longer than 10 min post injury might potentially accrue a
lot of points for animal species, injury models, clinically
meaningful efficacy, and independent replication, but would
be seemingly quite far from being ‘‘ready’’ for human trans-
lation without showing efficacy with a more clinically rele-
vant delay in intervention. Conversely, a therapy studied only
in one laboratory might, over time, accumulate quite a high
score if that lab continued to study it in different animal
models, injury models, and time windows of efficacy; but yet,
despite a high score, the important issue of independent
replication would remain unsatisfied. There are no ‘‘must-
haves’’ identified in the scoring system, although one could
reasonably argue that there should be some in order to truly
justify translation. For example, it could be argued that no
matter what the total score is, the failure of a treatment to have
its efficacy independently replicated in some manner makes it
not ready for human translation. It would be reasonable to
suggest that readiness for translation might be assessed more
completely by a combination of an overall score and a
checklist of required elements, including those identified by
the scoring subsections.

On a broader sense, it would be reasonable to question how
the opinions of the SCI community (as expressed in the survey
of 324 individuals) and the opinions of the SCI experts (as
discussed within the focus-group meeting and in subsequent
communication) were balanced in the generation of the scoring
system. We have attempted to provide the reader with some
insights into this process by simply including the content of the
discussion at the focus-group level in the text of the manuscript,
so as to reveal the dialogue and considerations that surrounded
the generation of the scores. The five broad considerations of
‘‘animal models,’’ ‘‘injury models,’’ ‘‘time window of efficacy,’’
‘‘clinically meaningful efficacy,’’ and ‘‘independent replication’’
formed the basis of the scoring system because we actually had

hard data on the opinions of clinicians and scientists to serve as
the basis for discussion. These data were presented to the
group as the ‘‘baseline information’’ and context for subsequent
discussion. We then attempted to use the focus group of SCI
experts to provide guidance about the specific weightings of
evidentiary elements within these five broad considerations. It
is acknowledged that in some cases (a good example being the
issue of how to weight contusion versus compression injuries)
what emerged from the focus-group discussion seems a bit at
odds with what the survey results indicated. The nature of this
discussion is included in the text of the manuscript, and we
accept that others might choose to revisit this issue down the
road in subsequent refinements of a pre-clinical grading sys-
tem. In general, however, while the broad considerations for
the scoring system were identified in the questionnaire, the
specific weightings were established primarily by the focus
group.

Two additional methodological issues warrant discussion.
We acknowledge that the process by which this grading
system was developed did not strictly adhere to the rigors of a
true Delphi consensus-building exercise. We did, however,
attempt to maintain important aspects of the Delphi that
we felt were particularly relevant to this process, which
included providing participants with a common set of data
or ‘‘knowledge,’’ providing an opportunity for discussion
around topics, providing anonymity for voting on specific
questions, providing further opportunity for discussion, and
then providing opportunity for further anonymous voting.
Additionally, we did not insist on establishing a consensus for
everything, but rather we felt that it was valuable to also
identify areas in which strong consensus was lacking. Such
was the case, for example, of the question around contusion
versus compression mechanisms of inducing SCI. While the
majority of experts favored the contusion injury, this prefer-
ence did not – strictly speaking – reach the level of ‘‘strong
consensus’’ even after much discussion and repeated voting.
Hence, the scoring scheme reflected this lack of a strong
consensus. Here, as in other aspects of the scoring system, it
was not so essential to arrive at the ‘‘single best injury model,’’
but rather, to come to some agreement as to whether one
could be considered to have more merit than another (and
then to have that merit reflected in the weightings). In the case
of the injury model (contusion vs. compression), the focus
group did not arrive at a consensus that one could be
weighted more heavily than another. It could be argued that
an entire formal Delphi process could be conducted around
this single question, and we acknowledge that if we delved
further into each specific question that came up in this ini-
tiative, it may have been possible to arrive at some addi-
tional areas of consensus. Finally, we also acknowledge that
while scientists from Europe and Australia were also in-
vited to the focus-group meeting (and the meeting did in-
clude members from Europe and Australia), the scoring
system is heavy in its Canadian and American input. While
we do not think that this invalidates the end product,
opinions and perspectives from a more international
group would have certainly been desirable, and we hope
that future work to improve upon this first iteration of a
pre-clinical grading scale would have more global repre-
sentation.

While scoring systems and checklists may have some
‘‘common sense’’ academic appeal, the SCI field has previ-
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ously moved forward with clinical trials of a number of po-
tential SCI treatments that have not met many of the criteria
that are included in this grading scale (e.g., independent
replication, demonstrated efficacy in more than one animal or
injury model, time-window studies). Clearly, there are also
other forces at play that influence the translation of a partic-
ular treatment into human patients. The unfortunate reality
imposed by the cost of conducting human SCI trials is that an
‘‘off-patent’’ drug with significant pre-clinical substantiation
may have less chance of being translated into clinical trials
than a patented technology with less animal data but a mo-
tivated industry sponsor. The issues of intellectual property
and commercialization are beyond the scope of this scoring
scheme, which focuses strictly on published scientific data.
Nevertheless, the evaluation of the body of literature around a
given approach using a rational scoring scheme should be
useful to industry, as well as academia. In the commercial
development of therapies, considerable non-published pre-
clinical data may exist that were generated in the refinement
and optimization of the treatment. However, without such
data in the peer-reviewed scientific literature, it is impossible
to factor them into this scoring scheme.

Perhaps the most important limitation of the scoring sys-
tem is that by being a measure of the body of literature on a
specific treatment, it does not factor in the ‘‘quality’’ of the
actual studies that are included in the systematic review. This
is an important distinction to make: the scoring system pro-
posed here applies to a given treatment, not to a given man-
uscript. A scoring system for individual scientific pre-clinical
SCI studies that is analogous to the Downs and Black (1998)
criteria for assessing the quality of individual clinical studies
does not currently exist. Important clinical criteria from the
Downs and Black scoring such as the presence of randomi-
zation, blinding, and use of controls are typically required
methodological elements in pre-clinical studies, and so such
criteria would be ineffective at distinguishing ‘‘low quality’’
from ‘‘high quality’’ studies. By focusing on the body of lit-
erature and not the quality of the literature, the scoring system
has the potential to inflate the ‘‘readiness’’ of a particular
therapy, for which studies of relatively modest ‘‘quality’’
might earn the treatment as many points (if not more) as an
extremely well-conducted study. As one focus-group member
put it, with the failures that we have had thus far, it is hard to
envision that simply ‘‘more of the same’’ is going to bring us
success in the foreseeable future. Tackling the issue of how to
distinguish objectively and quantitatively high- from low-
quality studies is a challenge that was not addressed here, but
we recognize that the scoring system is ultimately dependent
upon the quality of the studies that get included for review.

It should also be noted that the pre-clinical grading system
was developed specifically for systemically administered
neuroprotective therapies, as it was our a priori intention to
subject the therapies that were reviewed in a systematic
fashion in our previous work (see Kwon et al., 2010b) to
whatever form this grading system took after the Delphi
process. The grading system would need some modification
to be relevant for other therapies such as cell transplantation
treatments and directly applied biological therapies. While
the overall structure could remain the same (given that animal
species, injury paradigms, time windows, independent rep-
lication, and clinically meaningful efficacy are still important
considerations), the scoring within each subsection would

need to be changed in order to be relevant to cell transplant
treatments or directly applied biologic therapies. Different
time windows for demonstrating efficacy, for example, would
need to be defined. The weightings of partial transections
versus blunt injuries might be reconsidered (particularly for
treatments that intend to promote sprouting/plasticity). We
are undertaking such initiatives to define scales that would be
relevant to these different types of therapies.

The history of human translation of experimental therapies
in SCI has not been very long, nor has it witnessed the suc-
cesses that can guide the translation of other therapies. In the
future, the demonstration of an efficacious treatment for hu-
man SCI will be extremely helpful, as it may provide some
guidance regarding which pre-clinical steps are most impor-
tant. Such a demonstration will likely also change how we
view certain aspects of pre-clinical evidence, and in turn re-
quire recalibration of the scoring system. Until that happens,
we are dependent upon the perspectives and opinions of the
members of our scientific community. The subscores that
were selected (animal species, injury paradigms, time win-
dow, demonstration of clinically meaningful efficacy, and
reproducibility) were based upon the questionnaire results.
How they are scored and weighted could certainly be the
subject of further debate, but we felt that the experience of the
attendees of the focus-group meeting were extremely helpful
in providing an expert opinion that could guide this process.
This represents a first attempt to provide a structure for how
to assess objectively the body of pre-clinical evidence for a
potentially ‘‘promising’’ SCI therapy. We acknowledge that it
is an imperfect, unproven system, and the methodology of its
establishment – while systematic – is somewhat removed
from a formal Delphi process. Nonetheless, we feel that it does
capture the perspectives of a large body of SCI researchers, in
addition to the opinion of a panel of recognized SCI experts.
We will welcome further dialogue on this important issue and
encourage further improvements and refinements of this
grading system, given the compelling need to establish truly
effective therapies for individuals who suffer this injury.
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