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Introduction

Although knee osteoarthritis (KOA) is one of the leading causes
of disability globally,! there are currently no treatments to
prevent, slow, or reverse disease progression.

Viscosupplementation through intra-articular (1A) injections of
hyaluronic acid (IA-HA) or corticosteroids (IA-CS) have shown
promise for the long-term treatment of KOA symptoms such as
pain.23

Although treatment with 1A-HA delivers a clinically meaningful
response for pain reduction, many IA treatments have failed to
demonstrate significant improvements compared to 1A placebo.*

Such findings may be attributed to a consistently large placebo
effect that has been reported in clinical trials of KOA measuring
pain relief. Within these clinical trials, results may be
confounded by factors such as patient expectations for
treatment.>’

The placebo effect is a well-known phenomenon that has been
documented in many diseases including depression, pain,
migraine, chronic fatigue syndrome, asthma, hypertension,
irritable bowel syndrome, and Parkinson’s disease. In a clinical
trial setting, it has been documented to have substantial impact
on subjectively measured outcomes.®

Although it is not necessary to separate the placebo effect from
the treatment effect in clinical practice, the same cannot be said
for clinical trials, within which a treatment's efficacy must be
demonstrated relative to placebo to be brought to market.®

Therefore, it is important to understand the impact of IA
placebos when assessing subjective outcomes in KOA.

Objective

The aim of this review was to describe the existing evidence
on the challenges, hypotheses, and potential solutions to
mitigate the intra-articular (IA) placebo effect in clinical trials
investigating the effect of IA therapies in reducing pain in
KOA.

A comprehensive search was performed in MEDLINE®,
Embase, and CENTRAL via OvidSP (inception to December 16,
2019) to include literature on challenges, hypotheses, and
proposed solutions to mitigate the IA placebo effect on pain-
related outcomes in clinical trials. Study eligibility criteria were
defined using the PICO (Population, Intervention, Comparator,
Outcomes) framework, which guided study selection.

The population of interest was adult KOA patients (=18 years of
age) who had received any or no intervention, compared to IA
saline as placebo. Alternative placebos such as sham injection
(stick needle only or no injection of fluid), acupuncture, and
moxibustion were excluded, as they do not involve an injection
of fluid as A saline does.

Study characteristics (such as publication type, study country,
study design, study setting, blinding methods, length of follow-
up, and sample size), patients characteristics (age, gender,
disease severity, and race/ethnicity) and outcomes of interest
regarding challenges, hypotheses or proposed solutions were
extracted from included studies.

Extracted hypotheses, solutions, and challenges were
summarized and manually sorted into common categories.

Results were narratively summarized.

Results and Discussion

Trial Characteristics
e A total of 40 publications were included in the literature review
(Figure 1),443 consisting of literature reviews (n=15 systematic
reviews; n=6 narrative reviews; n=4 targeted reviews),
randomized controlled trials (RCT; n=10), single-arm clinical
trials (n=2), and one of each of the following publication types:
comment on an RCT (n=1), consensus statement (n=1), and a
meta-analysis protocol (n=1) (Figure 2).
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Figure 2. Study designs of included publications
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e Notably, of the 12 clinical trial publications that were included
due to their relevant discussions of the placebo effect, only 2
studies reported achievement of significant positive results for
their active treatment arms, which may explain why the placebo
effect was discussed so extensively.

e A summary of the challenges, hypotheses, and solutions to
mitigate the placebo effect in KOA clinical trials identified in the
literature review is provided in Table 1.

Table 1. Summary of identified challenges,
hypotheses, and solutions to mitigate the IA placebo
effect in KOA clinical trials

Invasiveness

Administration; Route

Baseline pain

Sample size

Administration; Frequency
Factors that Branding

Impact Colour
Placebo Effect Cost
(n=16) Effect of active treatment

Number of tablets’

Verbal suggestion mediated relief in anxiety
Unclear if affected by blinding

Not affected by type of pain scale (e.g., WOMAC,
VAS)

Aspiration of synovial fluid

Dilution of inflammatory mediators
Neurobiological mechanisms

Psychological effect

Descending pain modulatory pathway
Dopamine release

Biological Endogenous opioids
Mechanisms Frontal cortex and limbic system
(n=13) Genetics

Low levels of cholecystokinin
Nociceptive pain processing pathways in dorsal
horn of spinal cord
Removal of debris
Subcortical pain transmission centres
Subcortical reward mechanism
Comedications*
Small sample size*
Natural fluctuation in disease severity*
Hawthorne effect*
Regression to the mean*
Rescue medication*
Clinical study setting and provider type
Appropriate footwear*

Confounders Background arthrocentesis*
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and Trial Assistive devices for ambulation*
Design Occupational therapy*
I(-r|1y=pzc()3t)heses Factors (n=12) Physiotherapy*
Weight loss*
Spontaneous improvement*
Lack of washout period*
Lack of a natural history comparison*
Prohibition of rescue medication*
Response bias*
Statistical methods not powered to detect
between-group differences*
Patient expectation/beliefs
Patient education
Patient perception; Physician
confidence/experience/competency
Personality traits
Patient perception; Innovative therapy
Patient perception; Knowledge of being treated
patient Pati.ent perception; Knowledge of high-tech
Factors (n=11) eqUI.pment
Desire to please
Previous experience of effectiveness
Observing drug effectiveness in others
Not affected by age
Not affected by gender
Not affected by social/physical demographics
Not affected by patient expectations of being
randomly assigned to an active treatment
Active Strength of active treatment
l;?:at‘:)rpse? nt: 4) Treatment effect size
Patient- Patient-physician interaction
Physician Culture
Interaction Religion
(n=3) “Personal attention factor”
Confidence
Optimism for treatment effects
Physician Attentiveness
Factors (n=3) Certainty/assurance of diagnosis/prognosis
Desire to follow-up
Warmth (friendliness)
Other (n=2) IA placebo has active treatment effects
No explanation for placebo effect
Impacton Diminish/mask comparative efficacy of active IA 10
Active treatments
Treatments Placebo effect inflates strength of treatmentarm 1
(n=11) Difficult to market treatment options 1
Placebo effect varies across individuals, trials,
outcomes, diseases, interventions, and study site
Challenges Blinding attempts to mitigate placebo effect are
(n=19) Im_pgct on often unsuccessful 1
Clinical Trials : : -
(n=6) Studles.wnh large placebo effects are less likely to 1
be published
Placebo effect is difficult to estimate 1
Lack of standardization of placebo types 1
_ Placebo effect is long-lasting 5
Other(n=6) " \jechanism of placebo effect is unknown 1
Weighing relevance of trials 4
. . Inclusion of a “no treatment” arm or sham injection
Clinical Trial 55 control 4
DESIE) anc_j IA saline not to be considered a placebo 3
Interpretation
of Results Awgreness : 2
(n=11) Ac_:tlvg treatment instead of placebo for control 1
Solutions Blinding needed 1
(n=16) Standardization of placebo across trials 1
Harnessing  Placebo use as treatment 3
the Placebo  Make use of beneficial effects of placebo effect in 5
Effect (n=7)  chronic distressing conditions
Further Research of placebo’s mechanism of action 2
Research Use of individual patient data (IPD) to provide 1
(n=2) insight into different predictors of placebo effect

TThe evidence cited for this hypothesis was in the context of the placebo pills. However this may
be applicable to number of treatments (i.e., number of intra-articular injections), although this is
unclear. IA = Intra-articular, WOMAC = Western Ontario and McMaster Universities Osteoarthritis
Index, VAS = Visual Analog Scale. * Indicates challenges, hypotheses, or solutions that were not
consistently regarded by authors as related to the placebo effect, but rather to the inability to
detect differences between treatment groups. Note that the “n” in this table refers to the number of
publications reporting each of the categories and subcategories, and it is likely that several primary
papers have been counted more than once..

Patient Characteristics

e Among the 12 clinical trial publications, all but one study
reported mean age, within which age ranged from 54 (Standard
deviation [SD]: 11) to 72.1 (SD: 1.7) years at baseline across
treatment groups.

e Most studies (n=9) had a higher proportion of female
participants (>50%), with female proportion ranging from 39%
to 87% across all studies reporting.

e Across five studies reporting, the proportion of patients with
Kellgren-Lawrence grade I, Il, and Ill at baseline ranged from
0% to 15.9%, 32.0% to 67.6%, and 29.9% to 68.0%,
respectively. No studies included patients with Kellgren-
Lawrence grade IV.

e Race was poorly reported across studies, with only two studies
providing proportion of Caucasian patients, which was up to
81% of the total population in one study, and 100% and 97.6%
of patients in either treatment arm in the other study.

Challenges
e Challenges identified in the publications were extracted and
sorted into three categories:

1. Challenges impacting active treatments
2. Challenges impacting clinical trials

e In support of this finding, one study also reported that large
placebo effects make it difficult to bring treatment options for
KOA to market, as these treatments often do not show clinically
meaningful benefit over placebo in clinical trials, and therefore
do not move forward into approval and distribution to this
patient population in need of treatments.

e The masking effects of inflated placebo effects on relative
active treatment effects is demonstrated in Figure 4.

Figure 4. Demonstration of the diminishing/masking
effects of the placebo effect on the comparative
efficacy of active IA treatments
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Although the absolute active treatment effect remains the same in trials A and B, the active
treatment effect relative to placebo is much smaller in trial B than trial A, due to the inflation of the
placebo effect.

e Other notable challenges that were commonly reported were
the long-lasting effects of placebo treatment (n=5), which may
inhibit the ability to detect between-group differences even after
prolonged periods of time. Additionally, studies reported the
observation that placebo effects consistently vary across
individuals, trials, outcomes, diseases, interventions, and study
sites (n=4).

o Lack of consistency in placebo effects may make it
challenging to account for it, and to power one’s study
accordingly, when designing a clinical trial. If not accounted
for, a large placebo effect may result in non-significant active
treatment effects.

Hypotheses
e Hypotheses for the IA placebo effect were sorted into eight
categories:

Hypotheses/description of factors that change placebo effect
Biological mechanisms

Confounders and trial design factors

Patient-related factors that impact/explain placebo effect
Active treatment-related factors that impact placebo effect
Patient-physician interactions

Physician-related factors that impact/explain placebo effect

. Other

e Across these categories, the most commonly reported
hypothesis explaining the IA placebo effect was the relationship
between invasiveness of the intervention and increased placebo
effect (n=9), which describes how more invasive treatments
such as surgery show a higher placebo effect than oral placebo
pills.

e Similarly, seven publications attributed a large placebo effect to
be impacted by route of administration, for which studies
described that the placebo effect was much greater in trials that
used interventions such as intra-articular injections, compared
to oral placebo pills.

e A relatively high number (n=13) of publications also reported a
biological hypothesis for the placebo effect, the most common
of which was IA saline’s effect on aspiration of the joint, which
was described to have clinical benefits in KOA patients.

e Twelve publications described confounders or factors related to
clinical trial design that impacted the placebo effect, the most
common of which was the use of background comedications as
a potential confounder.

o Notably, there was inconsistency across included publications
on which factors were considered to be impacting the placebo
effect per se, and which factors were affecting the difference
in effect sizes between treatment groups. Generally, the
expert reviews and extensive narrative reviews focused on the
placebo effect were clearer to make the distinction between
the two types of factors than the randomized controlled trials.
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Solutions

e Solutions to mitigate the IA placebo effect were sorted into the
following three categories:

1. Considerations for clinical trial design and interpretation of
results

2. Harnessing the placebo effect and making use of it
3. Suggestions for further research in this field

e One of the most commonly reported solutions (n=4) when
interpreting results of a placebo-controlled clinical trial in KOA
was to carefully consider the relevance and validity of the
findings of the study, by understanding the impact of the
placebo effect, determining whether blinding was sufficient, or
seeing whether a control group was used (and what type of
control was used).

Another common solution for the placebo effect (n=4), which
was more tailored to clinical trial designers, was the inclusion
of a “no treatment” arm or sham injection as control in addition
to an IA placebo arm, which would allow for the separation of
the potential active treatment effects of IA saline from the “true”
placebo effect.

o Alternatively, three publications suggested that IA saline not
be considered as a placebo at all.

Conclusions

° Although the underlying mechanism of the placebo effect is
largely unknown, many explanations and mitigation strategies
for this phenomenon have been proposed.

° Potential solutions to mitigate the overwhelming placebo effect
in KOA trials include change in trial design such as addition of
“no treatment” true controls, or removal of 1A saline as a viable
placebo altogether.

° Further elucidation and development of solutions to mitigate
the IA placebo effect may help guide the strategic
development of future clinical trials in KOA.

° Additionally, the effects of a patient’s culture and setting on the
placebo effect has been poorly investigated, and most studies
report placebo effects in the context of the North America and
Europe. Further exploration into the cultural factors that may
impact the placebo effect is suggested to understand what role
geography and culture may play in the success of clinical trials
on pain in KOA.
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