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Abstract

Uncontrolled, unblinded studies demonstrate that neuromodulation, especially spinal cord
stimulation, improves function for those with chronic spinal cord injury, justified by the claim
that placebo control conditions are unethical and impossible. Here we discuss the validity of that
claim and provide potential solutions to investigate the true effectiveness of neuromodulation for

spinal cord injury.
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Neuromodulation has gained considerable attention as a potential therapeutic option for
individuals with chronic spinal cord injury, with studies showcasing remarkable recovery of both
motor and sensory function'? Encompassing a variety of techniques, neuromodulation broadly
involves “the alteration of nerve activity through targeted delivery of a stimulus, such as
electrical stimulation, to specific neurological sites in the body.” Particularly promising are the
results of seminal applications of spinal cord stimulation, both permanently implanted and non-
invasive forms.*”’ The underlying technology of spinal cord stimulation is advancing, as
evidenced in the development of novel stimulation paradigms and interfaces,® accompanied by

patents and industry partnerships.

To date, spinal cord stimulation techniques in the field of spinal cord injury are most
commonly examined in open label trials. This has been largely justified on the basis that a true
sham is impossible to achieve, owing primarily to paresthesia that accompanies active
stimulation. Additionally, ethical issues have been raised, including concerns around the use of
sham stimulators infringing on patient autonomy, and the potential of violating the principles of
beneficence, justice, and nonmaleficence.” Until recently, it also reflects the relative infancy of
the field, with pivotal phase trials chiefly focused on proof of concept. The obvious question
arising from these studies is: how much of the functional benefits of spinal cord stimulation in

individuals with spinal cord injury is attributable to the placebo effect?

To aid the progress of spinal cord stimulation interventions for individuals with spinal
cord injury, we aim to summarize key factors underlying the placebo effect and its putative role
in modifying neurological function. Secondly, we explore potential solutions that would improve

understanding of the true efficacy of spinal cord stimulation as a therapy for spinal cord injury.

What is the “placebo effect”?



A placebo is an intervention that has no biological effect (i.e., inert).!” The “placebo effect" —

the end result of administering placebo — encompasses 5 critical factors:!!

1.

Natural fluctuations in the course of disease. For many health conditions, disease
progression varies over time, seemingly spontaneously. If a participant enrolls at their
“worst” (when they are most likely to seek novel interventions), this increases the likelihood
that an improvement will be seen even in the absence of intervention (i.e., after some
spontaneous improvement in function, that would have occurred regardless of the
intervention).

Impact of co-interventions. Because care is multi-faceted for complex conditions, including
rehabilitation and treatment for secondary complications, this may lead to improvements in
function unrelated to the target intervention.

Regression towards the mean. Representing a statistical phenomenon, whereby extreme
values tend to approach less extreme values over time, regardless of the intervention.!?
Hawthorne effect. There is a tendency to change behavior with knowledge that one is being
observed. For example, the Hawthorne effect has been proposed as a source of increasing
symptom severity at screening, aligning with examiner expectations that symptoms should be
severe enough to justify inclusion in the trial, leading to improvement which is due to a
participant returning to baseline at a later follow-up time-point.!! This effect also applies to
an unblinded examiner, whose behavior may also change, impacting outcome assessments.
Participant expectation and conditioning. Expectation produces similar biological effects
in the central nervous system (and elsewhere) as active treatment. These biological effects
have been demonstrated in Parkinson’s disease, where conditioning and expectation for

change increases dopamine in the brain, paralleling the effect of active pharmacological



treatment.' Several trial design features enhance expectation, including a history of success,
the invasiveness of study procedures (e.g., surgery versus pharmacological interventions),

and increased number of visits with study personnel.

On this foundation, it is reasonable to assume that common outcomes incorporated in spinal
cord stimulation trials will show improvement independently of active treatment. Indeed,
neurological outcomes can fluctuate spontaneously (e.g., spasticity) and stimulation is often
paired with active rehabilitation (i.e., a cointervention that could, conceivably, lead to
improvements in neurological function without stimulation). Additionally, spinal cord
stimulation trials often include individuals that are extreme outliers. For example, spinal cord
stimulation has been proposed as an intervention to manage cardiovascular deficits associated
with spinal cord injury, including orthostatic hypotension — a condition characterized by low
blood pressure.'* Orthostatic hypotension tends to be most pronounced when an individual with
spinal cord injury is in the upright, sitting position compared to the supine position, where blood
pressure values are higher (i.e., closer to normal). Therefore, an open label study examining the
effects of spinal cord stimulation on orthostatic hypotension will — by virtue of more extreme
initial values and regression towards the mean — observe benefits on sitting systolic blood
pressure far greater than supine systolic blood pressure. Improvements in function associated
with spinal cord stimulation could also be attributable to the expectation of a benefit. Spinal cord
stimulation trials are characterized by nearly all of the design features that are known to increase
expectation for benefit — invasiveness (in the case of epidural stimulation), many study visits,
and designed on past, well documented, and public successes.!® Lastly, the Hawthorne effect

could affect trial results: by participating in a clinical trial aimed at improving a specific



function, a person with spinal cord injury engages more in that target function in daily life, which

translates into gains non-specific to stimulation.!®

Additionally, examiner blinding is a major concern in open label trials. Meta-research has
demonstrated the importance of blinding in controlled trials, finding those with unblinded
examiners produce larger treatment effects,!® mirroring that reported in preclinical studies.!’
Overall, this suggests that unblinded examiners, which is often the case for open-label
neuromodulation trials (see® as an exception), tend to overestimate the benefits of treatment (i.e.,

“round up”’) or underestimate the benefits of placebo/sham effects (i.e., “round down”), or both.

Beyond theory, past clinical trials aiming to restore neurological function in individuals with
spinal cord injury clearly demonstrate the potential for placebo effects. For example, open-label
spinal cord stimulation trials demonstrate a similar improvement in 6-minute walk test distances
to those reported in sham intermittent hypoxia (i.e., normoxic air)!® — an increase of 60 m.* A
similar magnitude of change for the 6-minute walk test has also been reported for studies
addressing test-retest reliability, with a trend emerging for increased distances upon reevaluation

~+20 m)!” — an outcome that reflects a natural tendency to “beat” the baseline.
Yy

Parallels also exist with applications of neuromodulation in other neurological conditions.
Perhaps most relevant to spinal cord stimulation in individuals with spinal cord injury is deep
brain stimulation in individuals with Parkinson’s disease. Based on secondary analysis of
treatment effects in cross-over designed trials, upwards of 40% of improvement in motor
function has been proposed as a function of placebo (more specifically, the expectation
component of placebo).!*?° This could be, at least in part, attributable to an overlap in
mechanisms, with both active and sham deep brain stimulation engaging dopaminergic

systems.?! The role of dopamine after spinal cord injury has been extensively studied,?? including
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with regards to locomotion®* and, more recently, micturition reflexes.?** To the extent that
changes in dopamine associated with the expectation for a benefit (i.e., a “reward”) are
associated with improvements in function in individuals with spinal cord injury remains

unknown.
What to do?

In order to address the placebo effect, there are a number of options to consider. First, to
truly address its impact in spinal cord injury, trials need an “untreated” condition. Individuals in
this group would neither undergo active nor sham stimulation, but rather be randomized to
observe natural history, thereby accounting for spontaneous fluctuations and regression towards
the mean (as well as improvements attributable to co-interventions). These individuals, by virtue
of not being treated or assurances of treatment, will also have no expectation (or at least less
compared to the other groups) to experience a benefit. By contrasting changes in the natural
history condition to the placebo condition, one can isolate how much an outcome is impacted by
expectation. While interesting from the perspective of understanding placebo, the obvious
challenge with including a natural history group in a clinical trial is the burden on participants

and investigators.

Alternatively, trials could include outcomes resistant to placebo. A placebo condition is
ethically included in trials on the grounds that the outcomes measures are subject to placebo
effects — for example, tend to fluctuate over time. This is, of course, not always the case. In the
field of pain, brain function has been proposed as a robust surrogate of pain ratings that is
resistant to placebo (at least more so than pain ratings themselves).?¢ The challenge is two-fold.
First, placebo-resistant outcomes are unlikely priorities for individuals with spinal cord injury

and, as a result, only applicable in early stages of investigation. Second, many commonly



employed outcomes, despite their proposed objectivity, may still be subject to placebo effects.
For example, motor evoked potentials (MEPs) rank among the best ways to evaluate cortical
excitability and continuity in the corticospinal tract after spinal cord injury and thus are ideal to
serve as an objective biomarker of motor function. MEPs are, however, reportedly modified by
placebo.?’ Determining the resiliency of outcomes to placebo in the context of spinal cord injury

is an important area of research.

As an active comparator, peripheral nerve stimulation represents a logical condition to
include in spinal cord stimulation studies. There are demonstrated benefits of pairing
rehabilitation with cutaneous peripheral nerve stimulation, improving a variety of neurological
outcomes in individuals with spinal cord injury,?® much the same way that has been reported for
spinal cord stimulation."*> A comparison with peripheral nerve stimulation provides an
opportunity to determine the degree that benefits associated with spinal cord stimulation are
beyond what can be achieved with existing technologies (participant expectations included). A
recent case report has demonstrated comparable effects of spinal and spinal adjacent stimulation,

both ameliorating spasticity after transcutaneous application.?’

The ideal solution would involve a sham condition. Shams should incorporate a
stimulation paradigm that maintains blinding (i.e., evokes paresthesia to some comparable
degree) but is ineffective in modulating spinal cord activity. Critically, sham stimulation does not
need to be completely inert, rather it just should not act on the same substrate or mechanism as
the active form of intervention. In the case of neuromodulation of the spinal cord, sham
stimulation must not directly activate the dorsal roots (but it can active the same roots by way of
the periphery). This, in effect, demonstrates the specificity of the approach (i.e., what is special

about spinal cord stimulation?), while providing a blinded comparison group. Two inactive sham



groups have been used in trials so far, both in relation to transcutaneous stimulation. The
predominant method involves turning on stimulation for a short period of time, before turning it
off, accompanied by instructions that participants may perceive the stimulation as turning off —
an attempt to modify participant expectation.’® A similar approach could, presumably, be
programmed into epidural stimulation. This approach accepts that sham activates the dorsal roots
but does not do so for a long enough period of time to yield meaningful benefits (i.e., mechanism
of benefits is related to persistent activation). The main challenge with this approach, however, is
that it relies on modifying the expectation of the participant (through verbal instruction) to
believe that perception to stimulation may wane (or habituate) over time — expectation that may
depend on a variety of factors, including previous knowledge of the intervention. Another
inactive approach modifies stimulation parameters to a point of biological inertness. For
example, Sayenko and colleagues incorporated biphasic stimulation on the grounds that it had no
measurable effect to evoked spinal reflexes (compared to monophasic active transcutaneous
spinal cord stimulation).?! The primary challenge with this approach is that it requires an
investment of time and funds to develop adequate sham and blinding procedures. Nevertheless,
the importance of investing in sham devices is evidenced in other neuromodulation modalities,

such as repetitive transcranial magnetic stimulation.

There is also the emerging use of “paresthesia free” stimulation. The development of
paresthesia free spinal cord stimulation represented a significant advance in spinal cord
stimulation technology in the field of chronic pain.’* As the name implies, the advantage of this
approach, from the perspective of a user, is that, unlike conventional forms of spinal cord
stimulation, there is no sensory feedback. It was principally designed to manage pain symptoms

without the discomfort associated with stimulation. From a trial design perspective, paresthesia



free spinal cord stimulation represents an intriguing opportunity to incorporate double blinding
and a true placebo/sham control — the participant is randomized to an “on” or “off” condition and
is “truly” blinded. Recent reports indicate that paresthesia free stimulation, like more
conventional forms of spinal cord stimulation, may improve motor function in individuals with

spastic paralysis, indicating feasibility, at least for epidural stimulation.>*

At a minimum, investigators should consider blinding examiners, as well as the adoption
of minimum thresholds for improvements in primary and secondary outcomes. Blinding of
examiners is feasible in open label trials. For example, a trial could use an external examiner to
perform assessments before and after an intervention unaware of the study purpose and
intervention, independently appointed by the study team, uncompensated beyond time in
completing the assessment. To this point, blinding has rarely been employed in neuromodulation
trials involving individuals with spinal cord injury (with some exceptions®). This too will come
at a cost to the study (e.g., financial burden to complete assessments) but is perhaps the most
feasible solution that could be immediately implemented in open label spinal cord stimulation
clinical trials. The adoption of clear cut-offs, established on historical psychometric properties of
an outcomes — namely, test-retest reliability — would also greatly enhance the interpretation of
improvements beyond that which is expected to occur naturally. It is important, however, to keep
in mind that test-retest reliability metrics have been established in the absence of an expectation

for improvement, and thus do not account for the potential bias of placebo effects.

Regardless of the approach taken to account for placebo effects, understanding the
effectiveness of blinding, from both the participant and examiner perspective, is critically
important. This will only be achieved if trials query the success of blinding. Moreover, masking

other potential sources of unblinding would be important to consider. Substantial effort in the
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field of pain has been paid to ensure blinding in neuromodulation trials, including the use of
magnetic cards to automatically select active or sham stimulation without the operator’s

knowledge.* Such methods should be considered in future spinal cord stimulation trials.

The inclusion of placebo controls in spinal cord stimulation trials may be challenging; the
options proposed include additional equipment, effort, time, and financial support that will be
burdensome. However, these are challenges that have been overcome in similar fields. For
example, through understanding the neuronal response to placebo in the subthalamic nucleus (a
common target for deep brain stimulation), and subsequently employing outcome measures
tailored to record such changes in well-controlled studies, there is now support that deep brain
stimulation is beneficial for Parkinson’s Disease beyond that attributable to placebo effect.*® The
success in employing placebo controls in other challenging scenarios should be encouragement

for the use of sham in spinal cord stimulation trials.

Spinal cord stimulation and other neuromodulatory therapies are promising technologies
to restore neurological function in individuals with spinal cord injury. Basic science and clinical
anecdotes support a profound effect on function; however, to this point studies have been
designed such that they are likely prone to placebo effects, including mounting expectations from
individuals with spinal cord injury. In parallel to developing more advanced technologies, pause
is warranted to consider the impact of placebo and adjust trial designs accordingly. Confirmation
of the potential placebo effects of spinal cord stimulation is vital in ensuring the observed
recovery is truly due to the stimulation itself. And, through unraveling the mechanisms of
observed functional recovery, we may be able to avoid unnecessary invasiveness and combine

treatments in the future and lead to even greater improvements in those with spinal cord injury.

11



To this end, we have proposed options to consider in clinical trials, including the use of active

and/or sham comparators, and paresthesia-free stimulation.
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