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Abstract. The stated purpose of sham or placebo surgery is to enable the implementation of surgical placebo-controlled
trials (SPTs) for evaluating the safety and efficacy of surgical interventions. Exposing the participants to the burdens and
harms of sham surgery has been justified on the grounds of the absolute necessity for controlling large placebo effects and
observer bias, assumed to be associated with surgical procedures. In the present review, we argue that evidence obtained from
SPTs of cellular therapies for the treatment of Parkinson’s disease (PD) has failed to demonstrate either large and consistent
placebo effects or decisive methodological advantages for relying on sham surgical controls. We outline several alternative
assessment strategies and designs available to establish the efficacy of cellular therapies. It is concluded that the evidence
evaluated in the present analysis indicated that use of sham surgery in the context of developing novel surgical procedures
for PD is not necessary, and therefore, unethical under a utilitarian model.

Keywords: Ethics of sham surgery, evidence-based ethics, Parkinson’s disease, patient-centered methods, stem cells, surgical
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INTRODUCTION

Sham or placebo surgery imitates an actual surgical
procedure but without providing research partici-
pants with the assumed therapeutic benefits of an
intervention. The purpose of placebo surgery is to
enable the implementation of double-blind surgical
placebo-controlled trials (SPTs) for evaluating the
safety and efficacy of novel procedures [1, 2]. In com-
parison to the moderate risks and burdens associated
with assignment to the control arm of a non-surgical
double-blind trial, participants in the control groups
of SPTs suffer additional physical injuries and bur-
dens. The implementation of SPTs in the late 1990 s
initiated a vigorous and ongoing debate, which has
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been framed as “a clash between the highest standards
of research and the highest standards of research
ethics . . . ” [3, p.2].

Macklin [4] argued that SPTs were, in princi-
ple, unethical as their use failed to ensure the moral
treatment of seriously ill people who volunteer to
participate in surgical research. The principal reason
for this claim has been that “ . . . performing a surgi-
cal procedure that has no expected benefit other than
the placebo effect violates the ethical and regulatory
principle that the risk of harm to subjects must be min-
imized in the conduct of research” [4, p. 993]. The
challenges for patients who volunteer as participants
is not limited only to the physical injuries caused by
the sham procedures but also the disruption of their
normal therapeutic schedules and everyday lives due
to participating in trials which may continue for sev-
eral years. We need to keep in mind that even though
patients give informed consent to participate, most
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people in the community generally reject the idea
that it is morally acceptable to conduct surgical proce-
dures for reasons other than the provision of treatment
[5].

In contrast, utilitarian approaches to medical ethics
allow for a reasonable degree of risks, harm and bur-
dens to a small number of volunteers for the sake of
the ‘greater good’, referring in the present context to
the accurate determination of the efficacy and safety
of surgical procedures. The harms and burdens asso-
ciated with implementing SPTs are presented as the
unavoidable consequences of developing and evalu-
ating new treatments, including innovative surgical
procedures, in a methodologically rigorous fash-
ion [6]. This position was succinctly expressed by
Savulescu, et al. [2] as, “SPTs are necessary and eth-
ical as long a certain conditions are fulfilled” (p. 776).
Bioethicists and researchers explored and debated the
details of what constitutes these conditions [3, 7–9].

Many well-considered recommendations have
been advanced to minimise the probability of physical
harms and to ensure the safety, autonomy and respect-
ful treatment of the participants of SPTs. However,
the relevance of these recommendations is contingent
on the acceptance of the absolute necessity of select-
ing SPTs as the trial design. It is understood that if
there are research designs available which are less
onerous for the participants but nevertheless provide
valid evidence to advance a research program, then
there is no ethical justification for implementing SPTs
[10, 11].

There has been a strong impetus to shift medical
ethics from a theoretical, normative base to a con-
sequentialist, evidence-based approach. As noted by
Kim [12], “What sounds good in theory can in fact
produce counterproductive results if not implemented
with a thorough understanding of the facts. Facts
matter in ethics” [12, p. 373]. The facts that inform
utilitarian ethical decisions for the methodological
benefits of SPTs are embedded in the evidence
provided by completed and published trials [6, 8,
13]. As Miller [14] originally proposed, the risk to
benefit ratios for implementing sham surgical proce-
dures are very different for distinct health disorders,
as for example brain surgery for neurodegenerative
disorders compared to peripheral pain conditions.
Therefore, it is not useful to attempt to evaluate the
universal utility of SPTs, but rather we need to focus
on the evidence for the development of treatments for
specific classes of disorders.

In this paper, we investigate the evidence for the
necessity of SPTs as specifically applicable to the

translation of recently discovered stem cell lines into
safe and effective cell-based therapies for people with
PD.

ARGUMENT FOR THE NECESSITY OF
SHAM SURGERY

The theoretical justification for the necessity
of sham surgery is based on the methodologi-
cal advantages of implementing double-blind trials
for evaluating the safety and efficacy of interven-
tions. In addition to controlling for confounding
extraneous variables, the concealment of allocation
enables researchers to control for placebo effects and
observer bias. Therefore, double-blind randomised
trials ensure internal validity and are held by many
neuroscientists and clinicians as the ‘gold standard’
of research designs for evaluating safety and efficacy
of interventions [15].

The rationale for interpreting the results of an
SPT for PD involves subtracting the average changes
found in the placebo-controlled group from the
results of the group receiving the active surgical pro-
cedure as indicated in Fig. 1. This adjustment enables
researchers to reduce the probability of ‘false posi-
tive’ inferences, that is the overestimation of the true
efficacy of cell transplantation. The importance of
controlling for false-positive decisions is the crucial
justification for using SPTs, aiming to protect patients
and the community from the introduction of ineffec-
tual and possibly harmful surgical interventions [1].
The position adopted by the majority of North Amer-
ican neuroscientists and bioethicists has been that

Fig. 1. Overall results for five open label and six double-blind
RCTs (Gross et al., 2011 [24]). A) Average score of active groups
in open-trials [27–30, 32]. B) Active groups in SPTs [6, 23, 24,
32–34]. C) Sham controls in SPTs [6, 23, 24, 32–34]. D) Unoper-
ated controls (no data). A, B) Difference between the active groups
under the two trial conditions. B, C) Estimated effect size in SPTs.
C, D) Difference between placebo groups and unoperated controls.
WMP, weighted mean percentage.
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randomised controlled trials (RCTs) which include
sham operated control groups are necessary when
conducting research in the field of cellular therapies
[16–18].

Although RCTs are generally recognised as excel-
lent designs for ensuring the internal validity of a trial,
we also need to consider the issue of external validity
[15, 19]. Specifically it has been suggested that the
double-blind characteristics of the SPTs may com-
promise their ecological validity, that is the accuracy
of generalising the results of a set of trials to real life
settings [20, 21]. Randomised trial designs have their
strengths and limitations; therefore, their selection
and methodological advantages have to be evaluated
in the contexts in which the trials are conducted [15,
19]. Given that there are published SPTs developed
to evaluate the efficacy of cellular therapies for PD,
it is essential to examine the evidence produced by
these trials in order to determine whether the results
of published trials demonstrate the evidence-based
utility of sham surgery.

We are proposing that the assumptions for the the-
oretical necessity of SPTs for PD may be stated as
a set of empirically testable hypotheses as listed in
Table 1. The key question investigated in the present
article is whether the evidence provided by published
trials confirms the hypotheses below.

Table 1
Hypotheses for the necessity of sham surgery in evaluating cell

transplantation

1. There are large and consistent placebo effects associated with
cellular therapies for PD.

2. The placebo effects associated with surgical therapies for PD
are significantly greater than those associated with
non-surgical interventions.

3. Subtracting the results of the placebo arm from those of the
active group provides the most accurate estimate of the true
efficacy of cellular therapies.

4. Without implementing SPTs, it is not possible to avoid the
burdens and expenses associated with the clinical
introduction of inadequately evaluated cellular therapies.

EVIDENCE FOR THE UTILITY OF SHAM
SURGERY

Before evaluating the evidence, it is relevant
to clarify terminology associated with the placebo
concept as defined in recent reviews [8, 22]. The
improvement from baseline to the designated end-
point in sham operated control groups is referred to as
the ‘overall placebo effect’ or the ‘placebo response’.
The overall placebo effect is influenced by a variety

of confounding factors, as for example, the natural
progression of a disease or the impact of life events
experienced by patients during post-surgery recovery
[8].

The term ‘true placebo effect’, refers to the actual
therapeutic benefits associated with sham surgery;
that is the recovery targeted by the treatment and
objectively demonstrated by the participants. It has
been suggested that the additional non-specific com-
ponents of the placebo effect may be estimated by
including a non-surgical pharmacological treatment
arm in an SPT [8]. It is important to note that all
the participants in SPTs reviewed here continued to
receive ‘best medical therapy’, therefore, the con-
trol group would simply represent the group which
continued to receive optimal pharmacological inter-
vention. However, as Fig. 1 indicates, there were no
additional controls other than the sham operated con-
trol groups included in any of the SPTs.

Recently several meta-analyses have been pub-
lished, aiming to identify the differences between
placebo and active groups evident in completed SPTs.
Each of these meta-analyses [8, 22] relied on different
criteria for selecting the trials which were the most
suitable for answering the research questions being
investigated by the reviewers. Even though a number
of SPTs of cellular therapies for PD were included,
the meta-analyses included a very heterogeneous set
of trials. For example, Wartolowska, et al. [22] anal-
ysed 47 SPTs, targeting a broad range of disorders
including pain, snoring, heart burn as well as PD.
Analysing the ethics of sham surgery needs to take
into account the fact that the severity of surgical inter-
ventions range from relatively minor incisions such
as those for arthroscopic knee surgery to the very
demanding neurosurgical procedures for the imita-
tion of the transplantation of cells for PD [14, 23]. As
stated earlier, it is essential, therefore, to focus on spe-
cific categories of interventions in order to evaluate
the utility of sham surgery for PD [14].

In the present analysis, we relied on data collected
by Gross and colleagues [24] as the source for the
statistics used to estimate the numerical values for
the variables shown in Fig. 1 and Table 2. This col-
lection of results for cell and gene therapy trials were
published in the context of an SPT aimed at evaluating
the safety and efficacy of microcarrier-bound human
retinal pigment cells [24]. Although this collection of
trials in no way constitutes a systematic review con-
forming to current ‘PRISMA’ [25] standards, there
were several advantages to using this database in the
absence of a relevant meta-analysis.
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Table 2
Summary of the weighted mean percentage improvement(s) (WMP). Based on Gross et al. [24]

Factors Study groups Combined Sample Weighted Mean
Size (Ni) Percentage Improvement (WMP)

A Active groups in open-trials 41 33.7
B Active groups SPTs 148 15.9
A-B Difference between the active groups under the two trial conditions – 17.8
C Sham controls in SPTs 125 10.1
B-C Estimated effect size in SPTs – 5.8
D Unoperated controls 0 No results
C-D Difference between placebo groups and unopened controls 0 No results

Combined Sample Size (Ni) represents the number of participant in each of treatment categories, as defined in Fig. 1.

Table 3
Summary of key methodological problems associated with SPTs

for the development of cellular therapies for PD

• The placebo effects in the SPTs of moderate in size and
demonstrate a great variability across trials.

• There is no evidence available that placebo effects associated
with SPTs are actually greater than placebo effects in
non-surgical RCTs.

• There is no evidence for true placebo effects in SPTs as
represented by objective, structural and functional
improvement in people with PD.

• The ecological validity of SPTs are problematic, the results
may not accurately generalise to patients living in everyday
environments.

• It is uncertain if the SPTs provide accurate evidence for the
true benefits of cellular therapies.

• Prematurely implemented SPTs may lead to the premature
discontinuation of research into potentially beneficial cell
lines.

Considering the strong commitment to the neces-
sity of STPs by a large proportion of researchers in
the field [17, 18, 26], we think that there is a strong
level of confirmatory bias involved in the selection
and interpretation of data for evaluating the utility
of sham surgery. Therefore, given that we are chal-
lenging the use of SPTs for evaluating neurosurgical
interventions for PD [13, 20, 21], it seemed appro-
priate to use the database collected by Gross and
colleagues. It is very clear, as indicated by their con-
cluding comment in their SPT, “most importantly,
the findings emphasise the importance of using a
placebo controlled, double-blind design when mov-
ing from small, open-label, single-centre studies to
large, multi-group, multicentre studies of new surgi-
cal treatments”, [24, p. 517], that this database was
produced by researchers who strongly support the use
of SPTs.

The collected results used in the present analysis
included outcomes from 5 open-label trials [27–31]
and 6 associated SPTs [6, 23, 24, 32–34] for evalu-
ating the efficacy and safety of cellular therapies for

PD. These published studies provided the database
for comparing effect sizes in the active groups in
open-label and SPT studies.

The outcome measure for determining the effect
sizes was the United Parkinson’s Disease Rating
Scale, motor component, under no medication con-
ditions (UPDRS, motor off). This outcome measure
seemed relevant given that it has emerged as the most
favoured primary outcome measure for determining
the efficacy of cellular therapies for PD [35].

The results of the present meta-analysis are shown
in Table 2 and graphed in Fig. 1. A, B and C, repre-
sents effect sizes and placebo effects. The associated
numerical values (Table 2) represent the averaged
changes on UPDRS motor, expressed as the Weighted
Mean Percentage (WMP) change in the outcomes
(Fig. 1 and Table 2). UPDRS (motor) is a standardised
measure of the degree of movement problems includ-
ing tremor, rigidity and bradykinesia experienced by
patients. Therefore, high scores are associated with
more severe motor signs and a decrease in scores
indicates improvements in motor functioning (Fig. 1
and Table 2). In order to facilitate visual presentation
of the averaged results, improvements on UPDRS
(motor, off) were represented as positive outcomes
on Fig. 1 and Table 2.

Regardless of the advantages of using the database
prepared by Gross and colleagues, when we take into
account the significant differences in the timing for
the endpoints in the SPTs (ranging from 6 months to
24 months) and the diverse nature of the transplants,
strong scepticism is required regarding the precision
of the values shown in Table 2. The averaged scores
are reported here should be read as approximate indi-
cators for major trends evident in the database. The
averaged effect sizes were quantified as percentages,
but the interpretation of the evidence refers to pre-
viously identified clinically important improvements
in motor functioning in people with PD [36].
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PLACEBO EFFECT IN SURGICAL TRIALS

A key premise of the argument for the necessity
of SPTs is that the strength of the placebo effect
associated with surgical interventions is much greater
than the placebo effects associated with non-surgical
trials [1, 37]. Consequently, it is a strongly held
belief that control groups provided with the best
available pharmacological treatment are unsuitable,
as their use would lead to the overestimation of
the benefits of the intracerebral transplantation of
cells [1, 3].

In the present analysis, the value of C, represent-
ing the overall placebo effect (Table 2) was found to
be an average of 10.1% change from baseline, corre-
sponding to an approximately 5 point improvement
on UPDRS (motor off) in the sham operated group.
This is equivalent to a modest to moderate effect size
as determined by Shulman and colleagues [36] on
UPDRS (motor). Therefore, the results clearly sup-
port the presence of an overall placebo effect in SPTs
for evaluating the efficacy of cellular therapies for PD.
However, there was a remarkable degree of variabil-
ity in the size of the placebo effect across the 6 sham
operated groups, ranging from an 18% deterioration
[34] to a 20.7% improvement [24].

The moderate and highly variable placebo effect
size associated with sham surgery as identified in the
present review is consistent with the results of a meta-
analysis conducted by Wartolowska and colleagues
[22]. In this meta-analysis, the SPTs selected were
categorised based on the way in which the primary
outcomes were measured. The category of ‘Assessed’
outcomes included 3 SPTs which were also included
in the present review. The reported pooled standard-
ised mean difference (SMD) for this category was
0.22 with CI 95%: –1.16 to 1.5. This indicates a
very modest and highly variable placebo effect with
the wide CI 95% indicating the absence of statistical
significance.

One of the many sources of variability relevant to
the present analysis is the year of publication. The
average change from baseline in the placebo response
published in the first three trials [6, 23, 34] between
2001 and 2006 was calculated as a reduction of 2.6%.
That is, the sham operated groups demonstrated a
modest degree of deterioration on UPDRS (motor)
at the endpoint of the trials, indicating no overall
placebo effect. In contrast, the second set of three
trials [24, 32, 33] published between 2010 and 2011
indicated an average improvement of 17.9% in the
sham operated groups. In effect, there has been a

remarkable, clinically important 20.1% [38] increase
in the placebo effect between the years of 2001 [6,
23, 24] and 2011 [32–34].

It can be said with hindsight that regardless of the
actual state of the evidence, the advocates of sham
surgery have consistently expressed a resolute con-
viction in the presence of a massive placebo effect
associated with surgical interventions for PD [18, 24,
38]. It is interesting to note that a parallel increase
in the size of the placebo effect has been found in
clinical trials evaluating the efficacy of psychoac-
tive drugs. These apparent increases in the placebo
effect appear most strongly in trials conducted in the
USA, but not in Europe or Asia [39]. The question of
why the placebo effect varies so dramatically requires
close scrutiny.

Another unanswered question is the level of
improvement required to provide acceptable evidence
for identifying persons as ‘placebo responders’ in
sham arm of an SPT. For example, Ko and colleagues
[40] aimed to study the patterns of activity in neural
networks associated with mediating placebo effects
in patients with PD. The participants included in this
study were previously assigned to the sham arm of
an SPT investigating the safety and efficacy of ‘AAV-
GAD’ infusion [32].

Ko, et al. [40] selected as ‘sham responders’ the
participants who demonstrated improvements of 2
points or more on UPRDS motor under blinded
conditions. In contrast, in the original AAV-GAD
trial, LeWitt and colleagues [32] defined a mini-
mum 9 point improvement as the indication for a
clinically meaningful response. Previously, Shulman
and colleagues [36] indicated that a minimal 2.3
point improvement on UPDRS motor was required to
demonstrate even a modest clinically important effect
size. We suggest that a degree of consistency in refer-
ring to a trial participant as placebo responder would
be achieved if researchers used the same standards
as for identifying clinically meaningful outcomes in
both the placebo and the active group.

Based on evidence from surgical and non-surgical
RCTs, it is apparent that subjective outcome measures
are more sensitive to placebo effects than objec-
tive measures [41]. For example, as we mentioned
earlier, Wartolowska and colleagues [22] reviewed
a heterogeneous set of SPTs and reported the out-
comes under different classes of measures for the
placebo responses. The pooled standardised effect for
‘Subjective’ outcomes was moderate, (0.64, CI 95%:
0.51–0.77) indicating a significant placebo effect.
In contrast, the pooled standardised effect size for
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‘Objective’ outcomes indicated that there was no sig-
nificant placebo effect (0.11, CI 95%: 0.04–0.26).
The implication here is that where researchers are
concerned with a strong bias being associated with
the assessment of treatment outcomes then the use of
objective outcome measures is advisable. A combi-
nation of both objective and subjective outcomes has
been proposed to ensure the optimal accuracy and
reliability of the assessments of recovery in patients
with PD [35].

As discussed earlier, only an unspecified compo-
nent of the overall effect size in a sham operated group
can be attributed to the true placebo effect [8, 22].
This component refers to the clinically meaningful
improvements in the targeted treatment response due
to the placebo. We suggest that in context of dopamine
(DA) replacement therapies the essential source of
evidence for a true placebo effect is the significant
recovery of the basal ganglia systems affected by
the degenerative processes which characterise PD.
However, as shown in two SPTs which involved
the transplantation of DA expressing cells [23, 34],
there were no increases in intrastriatal DA activity
in the sham surgery groups. That is, there is no evi-
dence based on objective PET scan outcomes that
the expectation of benefits by research participants
resulted in the long-term structural reconstruction
of the dopamine expressing nigrostriatal system of
human brain.

As stated earlier, none of the SPTs evaluating cel-
lular therapies for PD included an additional arm of
non-surgical controls such as best available medical
therapies. It is not possible, therefore, on the grounds
of the currently available evidence to determine if the
placebo effect ‘D’ (Table 2) due to non-surgical inter-
ventions is actually less than those associated with
surgical interventions. Hence, it seems that there is
no direct evidence to support or reject Hypothesis 2
(Table 1) that placebo effects associated with sham
surgery are greater than those associated with other
control groups.

While there was clear evidence for an overall
placebo effect, there was no convincing evidence
for the large and consistent placebo effects associ-
ated with sham surgical procedures as predicted by
Hypothesis 1. Also, there was no evidence for a true
placebo effect, as indicated by the absence of long-
term recovery of the nigrostriatal system following
sham surgery. Furthermore, there is no direct evi-
dence that the placebo effects due to sham surgical
interventions for PD result in greater placebo effects
than alternative controls (Hypothesis 2).

METHODOLOGICAL NECESSITY FOR SPTS

The fact that placebo responses were found to be
highly variable across the SPTs reviewed in this paper
does not rule out the necessity for selecting sham
operated control groups for assessing neurosurgical
interventions [42]. The point here is that it is not
simply the size of the placebo effect, but rather the dif-
ference between the means of the active and placebo
arms of a trial that determine decisive evidence for
treatment efficacy.

In the present analysis, the overall effect size
(WMP) for the active groups in the SPTs, as
represented by B was equal to 15.9% (Table 2).
Therefore, the true effect size, as represented by B-
C (15.9–10.1) is 5.8% (Table 2). Although the 5.8%
average improvement must be seen as an approxi-
mation, it clearly represents a weak effect size [36].
Consistently with this interpretation, none of the
experimental interventions reviewed in the present
paper have been introduced as viable, evidence-based
treatments for people with PD [24].

In contrast, as indicated by A = 33.7% (Table 2), the
open-label trials which preceded the SPTs, indicated
significant improvements in the transplanted groups.
Similarly, an earlier meta-analysis indicated an aver-
age effect size of approximately 39.8% in open-label
trials for groups transplanted DA expressing cells
[43]. Such improvements could have been judged
as evidence for meaningful clinical benefits [36] and
initiated the implementation of cellular therapies for
PD. It has been argued that the differences between
the outcomes in the open-label and double-blind tri-
als constitutes evidence for the scientific and public
health advantages of SPTs [17]. Therefore, it appears
that the available evidence supports both Hypotheses
3 and 4.

However, at the time when the SPTs for evaluat-
ing the efficacy of cell-based therapies for PD were
commenced, there was controversy regarding the
ethics and the methodological advantages for initiat-
ing these trials [44]. In particular, there were concerns
that insufficient preliminary evidence was available to
justify the initiation of confirmatory STPs [21, 45].
There were numerous unknown parameters, which
were likely to have influenced the benefits of cell
transplantation, such as criteria for selecting suitable
patients or the level of immunosuppression required
to ensure the adequate survival of the DA expressing
cells [23, 34, 46].

The long-term use of immunosuppressants illus-
trates the ethical complexities of relying on sham
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surgery for creating control groups. Depending on
the source and preparation of the transplanted tissue,
the optimal survival and functional integration of the
DA expressing cells is influenced by the host immune
system [47]. The brain is known to be an immuno-
logically privileged site and accordingly Freed and
colleagues [23] conducted the first SPTs for evaluat-
ing the efficacy of intracerebral cell transplantation
without the use of immunosuppressants for either
the transplanted or the sham operated participants. In
contrast, Olanow and colleagues [34] treated all par-
ticipants with the immunosuppressant cyclosporine
for 6 months following the transplantation procedure.
Clearly, from an ethical perspective, the withhold-
ing of a powerful but useless drug is preferable to
administering cyclosporine for 6 months post sham
surgery.

A complication emerging [34] was that when the
administration of cyclosporine was stopped at 6
months the initial improvements in the transplanted
participants declined and failed to improve from base-
line at the 2 year endpoint (Fig. 1, p. 406). Also,
even though there was evidence for good graft sur-
vival and re-innervation, post-mortem examination
of 4 deceased participants indicated inflammatory
responses around the grafted cells [34]. Subsequently,
a recent protocol called for 12 months of triple
immunotherapy in the grafted group, a currently
ongoing randomised trial [46, 47]. The design of
this RCT did not call for a sham operated control
group. Perhaps, the administration of therapeutically
needless immunotherapy for 12 months to a group
of older people with PD may have been seen as eth-
ically problematic, even by regulatory bodies which
are comfortable with the use of sham surgery.

It has been suggested the SPTs were prematurely
implemented and may have damaged the progress of
the research program of cellular transplantation for
PD [21, 26]. That is, the essential lesson learned from
the trials was not that SPTs are absolutely necessary,
but rather that there is a need for detailed exploratory
investigations for enabling the understanding of how
new cell lines work and can be effectively translated
into best practice [48].

The issue here is that the effect sizes in the active
groups were found to be very different under open-
label and double-blind conditions. The difference
between the endpoints in the outcomes of the active
groups is A-B = 17.8% (Fig. 1 and Table 2). This rep-
resents a greater than 50% difference, which was also
described in other analyses comparing effect sizes in
active groups under open-label and SPTs conditions

[21, 49]. This is puzzling, as it is generally assumed
that in rigorously executed RCTs the true treatment
effects are revealed by subtracting the results of the
control group, rather than by compromising the per-
formance of the active group. In other words, it is not
entirely clear, that the approximately 17.8% differ-
ence is in fact, an accurate representation of the true
effect size. An alternative point of view is that the
early SPTs may have underestimated the true effect
size and generated false negative inferences regard-
ing the efficacy of cell transplantation for PD [22, 26,
50, 51].

Several attempts have been made to explain the
reasons for the more than 50% reduction of the
recovery of transplanted group when moving from
open-label to blinded trials. One hypothesis has been
that concealing from the participants the true nature
of the treatment they received prevented them from
achieving the best possible outcomes following the
transplantation of the cells [20, 45, 52]. In open-label
trials, in contrast to SPTs, the patients and their care-
givers are confident that the cells have been implanted
and are therefore, in a position to implement activi-
ties which may optimise recovery [20, 21]. Of course,
other explanations are possible, as for instance differ-
ent levels of investigator and patient bias operating
under the two different trial paradigms [21].

It is evident that there are numerous methodolog-
ical problems emerging regarding the use of SPTs
for evaluating the efficacy of sham surgery for PD.
That is, the difference between the active and the
sham-operated arms (i.e., B-C) may not represent
accurately the true therapeutic benefits of cellular
therapies for PD. Therefore, we suggest that there has
been no convincing evidence provided by the present
analysis in support of Hypothesis 3.

ALTERNATIVE APPROACHES

While we are well aware of the methodolog-
ical advantages of double-blind randomised trials
[53], it is essential to consider alternative method-
ological approaches which enable rigorous research
while imposing lesser harms on research participants
[19]. There is a range of alternative research designs
which are applicable to the advancement of stem cell
research into PD, four of which are discussed below.

Several research groups have adopted data collec-
tion by blinded assessors as a means of reducing
observer bias when implementing trials for evaluating
the safety and efficacy of surgical interventions [46,
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54]. Although the exact magnitude of observer bias
is unknown, the introduction of single-blind RCTs
should diminish further the placebo effects from the
currently estimated moderate level of approximately
10.1% on UPDRS (motor) to less significant levels.
If very strong effect sizes are actualised in the active
groups, then placebo effects will have little impact on
the accuracy of inferences for clinical efficacy.

As suggested earlier, the available evidence does
not indicate structural improvements in the DA
expressing nigrostriatal systems of the participants
in sham operated control groups [23, 34]. Consid-
ering that PD is a progressive neurological disease,
we suggest that on the basis of current evidence it is
unlikely, that the expectation of treatment benefits by
patients would result in the reconstruction of impaired
neural systems [40]. The use of a set of interrelated
co-primary outcome measures, which would include
neural imaging techniques to demonstrate increased
striatal structural and functional improvements would
provide a comprehensive outcome measure for the
efficacy of novel regenerative therapies [35]. The
demonstration of strong correlation between objec-
tive measures and clinically significant outcomes
should obviate the need for sham operated controls
[35].

The ongoing remarkable advances in electronics
and information technologies are enabling the devel-
opment of movement and activity sensing tools for
the objective and accurate assessment of changes in
the symptoms and activity levels of patients with neu-
rological disorders [55]. A recent systematic review
[56] provides an overview of the ways in which wear-
able sensors may be applied to provide objective,
unobstructive, long term and accurate information
for the symptoms and functional activities in patients
with PD. It is understood that this technology needs
further development, but it is likely that by the time
the safety and efficacy of novel, cell-based treatments
for PD are ready to be evaluated, wearable sensors
will be available to provide objective and detailed
evidence to evaluate the functional efficacy of these
interventions.

A variety of research designs other than SPTs is
available to determine the safety and preliminary effi-
cacy of new stem cell lines. Evidence from regression
analyses and open-label comparative designs are well
suited to generate reliable data for answering key
research questions such as the optimum quantity and
the location for the transplantation of stem cells. We
suggest that by the time that a methodologically ade-
quate treatment protocol for the transplantation of cell

lines is developed, sufficient evidence will have been
collected to identify the key factors which exercise
the most important causal effects on the outcomes.
Therefore, the statistics for the difference between
the transplanted and sham operated controls are not
essential to determining the preliminary safety and
efficacy of stem cell transplantation [26, 46].

Most importantly, the results of SPTs do not con-
firm that a given stem cell line is the best available
treatment for PD. The benefits of a number of estab-
lished and/or emerging treatments for PD need to
be taken into consideration when selecting accept-
able control groups conducting confirmatory RCTs
[57]. Also, factors such as the severity and duration
of PD or the age of the patients also determine the
selection of the most appropriate active control group
for valid comparison [51]. It follows that comparison
with competing viable interventions such as DBS [10,
11, 20, 51] rather than sham operated controls will
provide the decisive evidence required for initiating
the clinical introduction of stem cell transplantation
for people with specific variants of PD.

All considered, given the availability of alterna-
tive methodological approaches, we suggest that the
evidence did not support Hypothesis 4 (Table 1).
It is important to note that the transnational
TRANSEURO trials for cell transplantation are pro-
gressing without relying on SPTs [58].

CONCLUSION

SPTs were introduced to ensure the rigorous evalu-
ation of the safety and efficacy of surgical procedures.
We recognise that the earlier SPTs commenced in the
1990 s were ethically justifiable on the well-founded
basis of the theoretical advantages of blinded clinical
trials. However, the results of published trials have not
provided convincing evidence to support the claim
that sham operated control groups guarantee accurate
decisions regarding the benefits of cellular therapies
for PD. The available evidence does not support any
of the four hypotheses for justifying the use of sham
surgical controls. Moreover, it is even possible that
prematurely implemented SPTs may have impeded
the progress of the research program.

Ultimately, in the context of the above discus-
sion, the question of how much and what type of
information should be provided to patients with PD
who volunteer to participate in research involving
the transplantation of cells, is critical. While we
recognise that the current analysis did not con-



S. Polgar and S. Mohamed / Evidence-Based Evaluation of the Ethics of Sham Surgery for Parkinson’s Disease 573

form to the highest current standards for conducting
meta-analyses, and while it could be argued that a
more rigorously conducted meta-analysis might have
uncovered additional evidence for inferring the util-
ity of sham surgery, nonetheless, we maintain that
greater disclosure of the ongoing debate regarding
alternate research protocols, in addition to SPTs,
should form part of the process of obtaining fully
informed consent..

Alternative control groups and improved outcome
measures may be preferable to placebo controls and
provide more valid and clinically applicable evi-
dence. Based on the available facts emerging from
the present review, we argue that the use of sham
surgery for the evaluation of cellular therapies for
PD is unnecessary, and therefore, should be con-
sidered unethical from an evidence-based, utilitarian
perspective.
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Braun S, Kieser M, Ulrich A, Büchler MW, Diener MK
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