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Intra-articular placebo effect in the
treatment of knee osteoarthritis: a survey
of the current clinical evidence
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, Louis Mclntyre, Yili Huang and Xavier Chevalier

Abstract: Knee osteoarthritis (KOA) is a debilitating disease characterized by chronic pain,
stiffness, and decreased mobility. Intra-articular injectable therapies show good clinical
efficacy in improving symptoms; however, these therapies and their comparators (intra-
articular saline] have been associated with a large underlying placebo effect. We aimed

to describe the existing evidence on the challenges, hypotheses, and potential solutions

to mitigate the intra-articular placebo effect in clinical trials in KOA. A targeted literature
review was conducted by searching Embase, MEDLINE®, and CENTRAL using predefined
study selection criteria. All eligible studies identified were extracted for relevant data, and
results were narratively summarized. Forty-three studies were included following screening.
Challenges associated with the intra-articular placebo effect included its ability to mask the
comparative efficacy of active treatments in trials (n=7 studies), long-lasting effects (up to

6 months; n=3), and substantial variation of placebo effect sizes across populations (n=3).
Hypotheses for the mechanism of the placebo effect included aspiration of synovial fluid
during administration (n=46) and dilution of inflammatory mediators (n=2). Factors affecting
the placebo effect size were more invasive routes of administration (e.qg., injection versus oral;
n=4) and patient expectations (n=2). Proposed solutions included the suggestion for readers
to weigh the relevance of clinical trial evidence against the presence of large underlying
placebo effects (n=9), discontinuation of intra-articular saline as an appropriate placebo
(n=5), and inclusion of ‘no treatment’ or sham injection as a control (n=4). The intra-articular
placebo effect is a well-documented occurrence in KOA clinical trials, and it is suggested
that it be accounted for when designing randomized controlled trials. Awareness and
understanding of the intra-articular placebo effect in KOA are required for fair interpretation

of clinical trial evidence.
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Introduction

Osteoarthritis (OA) was estimated to affect
27 million Americans in 2008.! Knees are among
the most frequently affected joints, and the global
prevalence of knee osteoarthritis (KOA) in adults
is estimated to range between 1% and 10%.%2
The degradation of the joint cartilage and remod-
eling of the underlying bone lead to symptoms of
stiffness, pain, and decreased range of motion.?
KOA was responsible for over 11million years
lived with disability in 2015 globally* and, in

combination with hip OA, was ranked as the 11th
highest contributor to global disability in 2010.5
KOA often results in early retirement® and is a
growing public health issue.

No treatments have been found to slow, prevent,
or reverse KOA progression. Total knee replace-
ment is an option for some patients; however, 30-
and 90-day mortality rates have recently been
estimated globally at 1/500 and 1/250, respec-
tively.” Total knee replacement is also associated
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with life-threatening complications such as
venous thromboembolism, bleeding, stroke, and
myocardial infarction.® Furthermore, lengthy
post-operative rehabilitation and lack of suitabil-
ity for the procedure, among other factors, miti-
gate against knee arthroplasty in many cases.®
The mainstay of current treatments for KOA pri-
marily target the symptomatic aspects of the dis-
ease. Nonsteroidal anti-inflammatory drugs
(NSAIDs), lifestyle adjustments, and intra-artic-
ular (IA) injections of corticosteroids have shown
efficacy for short term relief of symptoms.%10-12
However, for some medications, such as NSAIDs
and corticosteroids, the risk of adverse events
often outweigh the benefits.!1?> There is thus a
need for treatment options with favorable risk/
benefit profiles, assessed using the gold-standard
randomized, placebo-controlled trial. Placebo in
clinical trials is necessary to establish a bench-
mark for the effectiveness of an intervention as
well as aid in the experimental blinding of patients
and personnel. However, preconceived notions
on the effectiveness of the placebo can have detri-
mental effects on the comparative efficacy of the
active intervention.

The placebo effect is a medical phenomenon that
describes how one’s positive expectations for a
received treatment can cause a clinically signifi-
cant positive outcome, where these effects are dis-
tinct from those caused by discrete therapies.!# As
described by Professor Ted Kaptchuk, who has
dedicated his research to this clinical entity, the
placebo effect cannot be expected to reduce phys-
ical manifestations of the disease such as tumor
size in cancer patients or cholesterol levels in
those with hyperlipoproteinemia, but rather, pla-
cebo acts upon symptoms generated by the brain,
such as one’s perception of pain.!> Studies using
functional magnetic resource imaging (MRI)
have shown that the placebo response can acti-
vate the same areas of the brain involved in pain
perception as active treatments.!® Although a pla-
cebo may alleviate symptoms, it will not act as a
cure, as the underlying pathology of the ailment
remains unchanged.

The placebo effect in KOA was examined in depth
through a systematic literature review and meta-
analysis, published in 2008, affirming that the
measured effect size of placebo was significantly
better than no treatment.!” Reconciling the clini-
cally significant effects of treatments such as IA
hyaluronic acid (HA) in routine clinical practice
and real-world settings with the measurable effects

of placebo on symptom relief in clinical trials
requires a nuanced approach to understand better
the placebo effect and the factors that influence
this effect. For example, as KOA interventions
may be administered through different methods
(e.g., topical, oral, or IA injection), research has
been conducted quantifying the effects of alterna-
tive placebo types, which demonstrated that IA
placebo provides significantly greater pain relief
compared with oral placebo.18:19

Considering these observations, we undertook
this review to better understand the existing evi-
dence on the challenges and hypotheses sur-
rounding the IA placebo effect in KOA, along
with potential solutions to mitigate the placebo
effect in KOA clinical trials.

Methods

A targeted literature review was conducted by an
adaptation to the standard methodology for con-
ducting systematic reviews as per guidelines pro-
vided by the Cochrane Handbook for Systematic
Reviews of Interventions.2? Study eligibility crite-
ria were defined using a modified PICO
(Population, Intervention, Comparator,
Outcomes) framework. We searched for publica-
tions that included outcomes or discussion points
related to the objectives of this review, namely,
studies investigating or discussing challenges or
hypotheses related to IA injection placebo effects,
or proposed solutions to mitigate the IA saline
placebo effect in adults with KOA (Table S1 in
the Supplementary Materials). Included studies
were limited to those published in English.

Searches were designed and executed in
MEDLINE®, Embase, and Cochrane Controlled
Register of Trials (CENTRAL) for the period
covering the database inception to December 17,
2019. Search strategies are provided in Tables
S2-S4 of the Supplementary Materials.

After duplicate removal, all publications (titles
and abstracts first, followed by full text) were
screened for eligibility according to the prespeci-
fied eligibility criteria by a senior reviewer. The
reviewer extracted all relevant data from the final
set of included studies. The following data were
extracted where available: (a) study authors, year
of publication, country, study setting, blinding,
follow-up period, sample size; (b) age, sex, race/
ethnicity; and (c) statements on challenges,
hypotheses (including mechanisms of action or
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factors that affect the placebo effect size), or pro-
posed solutions to mitigate the IA placebo effect.
Challenges, hypotheses, and solutions from
included studies were categorized to facilitate the
summary of information from the most frequent
categories.

Results

A total of 43 studies were eligible for our qualita-
tive synthesis (Figure 1), consisting of literature
reviews and meta-analyses [#=13 systematic lit-
erature reviews!8:19%21-31 (10 of which included a
meta-analysis)18:19,21-23,25,27,28,30,31; 5, =8 narrative
reviews?%17,32-37; n=4 targeted  literature
reviews38-41], randomized controlled trials (RCTs;
n=1342-5%)_ and one of each of the following pub-
lication types: letter to the editor,’> consensus
statement,’® protocol for a meta-analysis,>’
pooled analysis of three RCTs,>8 and a single-arm
clinical trial (Table S5 in the Supplementary
Materials).5° Most primary studies were single-
centered (n=6)%2:48:49,53,5459 and were conducted
in Europe (n=8%%46,48-51,54,59) or North America
(n=643:45:47,52,53,58)  Of the clinical trials, 12 uti-
lized a double-blinded study design in which both
the participants and investigators were blinded to
the study treatment,#3-48:50-5458 and one used a
single-blind design.*® Follow-up period of report-
ing studies ranged from 36h3* to 2years>?
(median: 6 months), and sample size ranged from
3643 to 58849 participants (median: n=210).

Across primary studies (not including reviews,
consensus statements, letters to the editor, or
study protocols), mean age ranged from 25.6%° to
72.1years,*® and the proportion of women par-
ticipants ranged from 39%% to 87.0%.4° Only
three trials reported race/ethnicity of partici-
pants, #4750 in which the proportion of White
participants ranged from 81%%7 to 100%°>° across
treatment arms.

Five of the included meta-analyses quantified the
effect size of the IA placebo effect for pain in
KOA.1819:21.27.31 Two of these studies estimated
the change in the IA placebo effect from baseline
(i.e., pre- wversus post-injection pain scores) as a
standardized mean difference (SMD) of 0.68 and
0.61 at <3 months (32 trials, 1705 participants)
and 6-12months (19 trials, 1445 participants),
respectively,?! and a mean difference (visual ana-
logue scale) of 12.10 and 16.62 at 3 months
(3 trials, 210 participants) and 6 months (2 trials,

180 participants), respectively.?’” In addition,
across two network meta-analyses of RCTs (149
trials, N=39,81418; 137 trials, N=33,2431°) both
by Bannuru ez al., authors compared the effect
size of IA placebo versus oral placebo, IA HA, and
IA corticosteroids at 3 months post-injection,
which resulted in significant SMDs of 0.29 (favor-
ing IA placebo),!81° 0.31 (favoring IA HA),!8 and
0.29 (favoring IA corticosteroids),!® respectively.
SMDs between IA placebo and NSAIDs,!8 aceta-
minophen,!819 oral plus topical placebo,!® and
topical placebo!8 were not significant. Finally, in
a meta-analysis of 215 RCTs (N=41,392) by
Zou et al.,3! authors calculated the effect size ratio
between the contextual effect (i.e., effect size of
the placebo group) and the overall treatment
effect to determine how much of the overall treat-
ment effects could be attributed to placebo
effects. Authors found that across all analyzed
KOA interventions, an average of 75% of the
overall treatment effects for pain experienced
could be explained by placebo effects. The pro-
portion of the treatment effect attributable to the
placebo effect varied by treatment. Ninety-one
percent of the treatment effect of joint lavage was
attributable to a placebo effect, while 87%, 85%,
and 85% of the treatment effect of paracetamol,
topical NSAIDs, and acupuncture were due to
placebo effects, respectively.

Challenges

A summary of challenges, hypotheses, and solu-
tions for the placebo effect is provided in Table 1.
Seventeen studies described challenges associated
with the IA placebo effect in the context of KOA.
The most commonly reported challenges were
the ability for the placebo effect to diminish or
mask the comparative efficacy of active IA thera-
pies (n=7),18:23,:37:44,:48,52,57 the long-lasting effects
of the placebo (up to 6 months; n=3),3%41:51 and
the tendency for the placebo effect size to vary
which is difficult to predict in clinical trials
(n=3).17:38,40

Hypotheses

Twenty-one studies investigated or described
hypotheses for the IA placebo effect (Table 1).
Hypotheses could be broken down into several
broad categories, including patient-related factors
(n=9),%18,19,25,30,31,39,45,50 confounders and factors
related to trial design (n=9),18:24:25,30,31,47,51,53,56 fg -
tors related to the KOA treatment (n=5),18:19,30,31,57
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Identification of studies via databases and registers

] [ Identification of studies via other methods ]

Records removed before

Duplicate records
removed (n = 979)

Records identified from:
Citation searching (n = 6)

A4

Reports not retrieved

Reports sought for retrieval

(n=6)
!

Population (n = 3)
Outcomes (n = 465)
Duplicate (n = 1)

Reports assessed for eligibility
(n=6)

Not in English (n = 1)

Figure 1. PRISMA flow diagram.

biological mechanisms of the IA placebo effect
(n=38),18:22,27,39,40,46,50,56  and factors related to
patient—physician interactions (nz=73).%17-48

Patient-related factors that impacted the placebo
effect included baseline pain (z=2), where
increases in the placebo effect size were associated
with higher baseline pain scores (i.e., a regression
to the mean effect).!83° One study found that
baseline pain was not a significant determinant of
the placebo effect (p=0.150).3! However, the lat-
ter study included patients with several types of
OA, including hip, spine, foot, temporomandibu-
lar joint, and mixed joints (although over 70% of
the data was from KOA patients, and thus was
considered relevant for this review). It is unknown
how this may have affected the results of their
meta-regression. Patient education on managing
their KOA symptoms (z=3) was also cited as a
potential nonpharmacological factor that may
explain the high placebo effect seen across stud-
ies.25:39:50 Patient expectations or beliefs (7=2)19:31
as well as patient knowledge of high-tech equip-
ment and their perception of therapy as innova-
tive® were also reported. For example, in the study

)
5
= Records identified from:
g Embase (n =777) »| screening:
= MEDLINE® (n = 822)
§ CENTRAL (n = 721)
—
) i
Records screened Records excluded
>
(n=1341) (n=799)
=4 Reports sought for retrieval
c >
s (n=542) (n=35)
e
’ !
(7}
Reports assessed for eligibility Reports excluded:
il —>
(n =507)
—
' A4
= Studies included in review
= (n=43)
© Reports of included studies
= (n=43)
- J

by Altman ez al.,?! different placebo effect sizes
were seen in subgroup analyses of the specific IA
therapy investigated (i.e., HA, corticosteroid, and
platelet-rich plasma), with the highest placebo
effect demonstrated in trials on HA, which may
have been considered more innovative. Notably,
one study refuted this hypothesis by reporting that
the effect of placebo was not influenced by the
patient’s expectation of being randomly assigned
to an active treatment.!® Authors provided no fur-
ther explanation for this insignificant result.

For hypotheses related to confounding factors or
trial-related factors that impacted the placebo
effect, potential confounders included use of
comedications (n=4)18:2451,56 or rescue medica-
tions during the trial,?* use of appropriate foot-
wear during the trial,?> use of assistive walking
devices,?> concurrent occupational therapy or
physiotherapy,?> or weight loss during follow-
up.?> Although not directly related to the placebo
itself, these factors were stated as potential expla-
nations for why we may see that patients in the
placebo arm performed better than expected
compared to the treatment arm. This was
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Table 1. Challenges, hypotheses, and potential solutions to mitigate the intra-articular placebo effect.

Evidence type Outcome category Outcome subcategory Studies
Challenges Impact on clinical trials Long-lasting 3344151
(n=10)
Varying placebo effect BliZa8R0
Blinding may be unsuccessful 133
Difficult to estimate 12
Difficult to predict outcomes 136
Heterogeneity in placebo type lioZ
Publication bias; smaller placebo effect more likely to be 117
published
Impact on active treatments ~ Diminish/mask comparative efficacy of intra-articular AE28 3228 h 20
(n=8) therapies
Difficult to market treatment options 157
Inflates strength of treatment arm 1%
Other (n=1) Mechanism unknown 127
Hypotheses Fiolg}gical Aspiration of synovial fluid 622508082000
n=

Patient-related factors
(n=9]

Treatment-related factors
(n=5)

Confounders and trial design
factors
(n=9)

Dilution of inflammatory mediators
Psychological effect

Patient education

Patient expectation/beliefs?
Baseline pain?

Disease severity (high placebo effect in low Kellgren-
Lawrence grade)

Patient knowledge of high-tech equipment
Patient perception of therapy as innovative

Route of administration?

Frequency of treatment administration
Duration of treatment
Strength of active treatment

Comedications

Clinical study setting and provider type

218,27
239,50

325,39.50

318,19.31
318,30,31

145

19
19

518,19,30,31,57

£,18.24,51,56

£18.31,47,51

(Continued)
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Table 1. (Continued)

Evidence type Outcome category Outcome subcategory Studies

Large sample size? 318.3031
Appropriate footwear 128
Assistive devices for ambulation 125
Lack of washout period oS
Occupational therapy or physiotherapy 125
Publicly funded trial et
Rescue medication 124
Statistical methods cannot detect differences ol
Weight loss 125

Patient-physician interaction Physician confidence 2o

(n=3)
Culture 17
Personal attention factor 12
Physician optimism of treatment 17
Religion [IkiZ

Solutions Clinical trial design and Awareness/weighing relevance of trials 99.18.19.25,32,34,35,42,54

interpretation of results

(n=18)
Intra-articular saline not considered a placebo H2l2a 200028

Inclusion of a ‘no treatment” arm or sham injection as control =~ 427.32.49.57

Active treatment instead of placebo for control 128

Blinding needed 128

Inclusion of joint aspiration in placebo arm 199

Standardization across trials 157
Further research Use of individual patient data to provide insight into 23y
(n=4) different predictors of placebo effect

Research of mechanism of action 125

Research to identify key contextual elements that can be 19
delivered by physicians to enhance treatment effects

Harnessing the placebo Make use of beneficial effects of placebo effect in chronic 132
effect distressing conditions
(n=2)

Placebo as an active comparator 14

aAt least one of the cited studies reported the relationship between the placebo effect and the factor that was investigated to affect the placebo
effect as nonsignificant.
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hypothesized to be a result of imbalances in the
treatment arms that may confound the effect of
the treatment.

Trial-related factors described by authors
included a lack of a washout period of NSAIDs
and other analgesics prior to the initiation of the
trial.!8 Authors stated that it was possible that
their patient sample had better than expected
pain control and function at baseline due to prior
medications, which may have resulted in an
underestimation of the effect of the study treat-
ments. Clinical study setting (e.g., community-
based outpatient setting versus hospital-based
outpatient care and recruitment), study site, and
provider type (e.g., primary care practitioners,
rheumatologists, orthopedic surgeons) were also
described as significant factors affecting the pla-
cebo effect (n=3174650; one study reported this
factor as nonsignificant3!).

For factors related to the treatments administered
during the trial, five studies reported that the inva-
siveness of the treatment corresponded to the pla-
cebo effect size.1819:3031,57  More invasive
treatments such as surgery, injection, or acupunc-
ture resulted in a stronger placebo effect com-
pared with less invasive treatments such as topical
ointments or oral pills. However, one of these
studies reported that route of administration (IA
injection versus oral) only significantly affected the
placebo effect size for pain-related outcomes, but
not outcomes for stiffness or function.!® In-line
with that hypothesis, higher frequency of adminis-
tration as well as longer duration of treatment
were also described to increase the placebo
effect.31:57 Strength of active treatment was
described as a significant determinant of the pla-
cebo effect as well, where perceived or anticipated
stronger active treatments were associated with
stronger placebo effects.3® The placebo effect for
pain was thus larger for drugs compared with non-
drugs (e.g., herbals, vitamins, fish oil) and even
greater for drugs given by injection (e.g., IA HA).30

The most commonly mentioned plausible biologi-
cal mechanism of the IA placebo effect was aspira-
tion of synovial fluid prior to the injection of the IA
treatment  (n=6).223940:46,50,56  Although not
described in further detail by the authors them-
selves, aspiration of synovial fluid may remove
some of the pro-inflammatory cytokines in the
joint, leading to an enhanced IA placebo effect. All
injectable IA treatments require removal of fluid
from the joint (i.e., aspiration or arthrocentesis)

prior to administration of the injectable medica-
tion (or saline placebo in the case of RCTs).
Despite a scarcity of data on the impact of this pro-
cedure alone for improving pain and functional
outcomes in KOA, there is some evidence suggest-
ing that arthrocentesis on its own may be consid-
ered a beneficial treatment. Aspiration of the
temporomandibular joint has been shown to be
associated with reduced levels of inflammatory
cytokines 2weeks post-procedure.®® Along these
same lines, dilution of inflammatory markers by IA
saline in KOA was another biological hypothesis,
which was reported in two studies.!®27 Dilution of
inflammatory mediators (e.g., cytokines) within
the knee was hypothesized to provide relief of
patient pain and stiffness of the joint.

Physician-related factors were less commonly
described in the context of KOA, but these could
generally be attributable to the physician’s person-
ability. The patient’s perception of their physi-
cian’s confidence,%17 optimism for the outcome of
the treatment,!” and ‘personal attention factor’48
were considered as perhaps influencing the pla-
cebo effect. The latter of these is a term commonly
used in the customer service industry, describing
how a service employee’s manner of relating to the
customer (or patient) on a human level while
exhibiting warmth, politeness, courtesy, and
friendliness can increase customer satisfaction.!
This positive interaction between the patient and
physician is expected to increase the patient’s
expectations for the treatment, thereby increasing
the placebo effect. Culture and religion of the
patient were also described as factors that may
impact the placebo effect.!” Authors stated that in
clinical practice, placebo (or ‘nocebo’) effects can
depend on interactions between a patient and
their physician. For example, a ‘doctor’s touch’
may be beneficial to some in expressing warmth,
optimism, or caring but may be perceived nega-
tively by others who may not like to be touched.!”

Proposed solutions

A total of 21 studies described potential solutions
to mitigate the IA placebo effect in KOA (Table
1). Among these studies, the most commonly
reported solution (z=9) involved raising aware-
ness among researchers, physicians, or other read-
ers to exercise appropriate caution when
interpreting the results of KOA trials investigating
injectable IA treatments.%18:19,:25,32,34,35,:42,54 In this
regard, the trial results should be weighed appro-
priately in light of the known large placebo effect
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when determining the efficacy of the active treat-
ment and whether it is suitable for use in treating
patients. It has been pointed out that there is a
large discrepancy between the small additional
benefits of IA treatments compared with IA pla-
cebo observed in the clinical trial setting and the
substantial effectiveness of these treatments in
real-world practice.%17

Five studies concluded that IA saline should not
be considered as a viable placebo in KOA clinical
trials at all.21:25:27,55:58 [n one systematic literature
review and network meta-analysis of determinants
of the placebo effect in KOA,3° the authors opted
to use the term ‘saline vehicle control’ instead of
‘placebo control’. This change in terminology was
adopted to make a clear distinction between IA
saline, which has been speculated to potentially
produce therapeutic effects at the biomechanical
level, and the traditional ‘sugar pill’, which is not
expected to produce therapeutic effects biome-
chanically.?> In line with these possible solutions,
several other studies proposed that the IA saline
treatment as a placebo be replaced with an active
treatment comparator?® or supplemented with an
additional sham injection arm (i.e., no treatment
at all).27:32:49:57 By including a sham injection con-
trol arm where no fluid is injected into the joint, in
addition to a separate IA saline control arm,
potential active effects of the saline such as joint
lubrication and dilution of inflammatory media-
tors may become distinguishable from the ‘true’
placebo effects (due to patient expectations/
beliefs) as seen in the sham injection arm.

Two studies proposed solutions that pertained to
harnessing the power of the placebo effect.32:43 In
the first study, authors described that placebo and
contextual effects (e.g., patient’s perception that
the practitioner is experienced, competent, opti-
mistic, and eager to monitor progress) should be
acknowledged and optimized in clinical practice,
particularly for the treatment of chronic condi-
tions for which available treatments options are
poor.32 The second went beyond the context of
clinical practice to state that IA saline may even
be more appropriately considered as an active
comparator instead of a placebo.43

Finally, further research into the mechanism
underlying the placebo effect was highlighted in
four studies.!7:25:31:57 One study underscored the
importance of elucidating the mechanism of action
of IA saline injections, as this would allow for a
better understanding of how to treat KOA more

efficiently.?> One review highlighted the need for
research to identify key contextual elements (e.g.,
clinician communication style, framing treatment
outcome expectations positively) that can be uti-
lized by physicians to potentially increase the treat-
ment effect (i.e., increase the placebo effect to
benefit the patient).1” In the third and fourth pub-
lications, the authors suggested that i leu of
aggregate-level data, analysis of individual patient
data may help to provide further insight into the
various predictors of the placebo effect.31:57

Discussion

This review describes the existing evidence on the
challenges, hypotheses, and potential solutions
concerning the IA placebo effect in KOA clinical
trials. We identified several issues related to the
IA placebo effect that bear consideration by trial
investigators, clinicians, and policy makers when
interpreting RCT results in KOA.

Key challenges associated with the IA placebo
effect were the long-lasting effects of placebo (can
last up to 6 months or more) and that it varies sub-
stantially across clinical trials. This is particularly
problematic for KOA trial investigators, as it makes
it difficult to evaluate the true clinical effects of
active TA treatments. These identified challenges
may be present in many KOA clinical trials. Take,
for example, two recent randomized, multicenter,
quadruple-blinded, 26-week, placebo-controlled
trials investigating the efficacy and safety of the
same IA HA in adults with KOA, with nearly iden-
tical study designs apart from geographic loca-
tion.4%-62 In the first trial, conducted in Europe, the
primary efficacy endpoint of change in the Western
Ontario and McMaster Univiersities Osteoarthritis
Index (WOMAC) A from baseline to 26 weeks was
significantly better for the active treatment com-
pared with placebo (IA HA —0.84 versus IA saline
-0.69; p=0.047).!1! However, in the trial con-
ducted in China, the primary efficacy endpoint of
change in WOMAC Al from baseline to 26 weeks
between the IA HA and the placebo did not reach
statistical significance (IA HA -2.146 wversus IA
saline —2.271; p=0.36).12 Authors of the Chinese
study attributed this finding to an inflated placebo
response that led to nonstatistically significant dif-
ference between IA HA and IA saline. In other
words, a large underlying placebo effect may have
caused a diminishing treatment effect size relative
to the placebo effect. In line with this, one of the
most commonly reported challenges associated
with the IA placebo effect in the present review was
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the ability for IA placebo to diminish or mask the
comparative efficacy of IA therapies. At least four
other studies experienced this same outcome with
other IA HA treatments and attributed their find-
ings to a similarly large and unexpected placebo
effect.23:44:48,52 This highlights a substantial issue
that many clinical trial investigators are facing when
determining the efficacy of their active therapy.

Also noteworthy in these two example RCTs, the
outcome of failing to reach their superiority end-
point in the Chinese trial may have been miti-
gated had there been knowledge that some regions
or cultures may experience a substantially larger
placebo effect than others. Variation of placebo
effects across study sites and culture were only
briefly described as potential factors that could
impact the placebo effect in our review.l747
However, geographic and cultural disparities
have also been described to impact the placebo
effect outside of the context of KOA.63-65
Participants’ expectations or beliefs in treatments
can vary across cultures, and it is important for
clinical trial investigators to be aware of potential
biases that may arise when including participants
who have strong preconceived notions toward the
effectiveness of one intervention over another.%3
Further research into cultural and regional varia-
tion of the placebo effect in KOA trials is war-
ranted to elucidate their effects in KOA.

In terms of biological hypotheses for the IA pla-
cebo effect in KOA, aspiration of synovial fluid
was among the top commonly reported reasons
for why some patients may experience real physi-
cal benefit from placebo. Unlike a traditional pla-
cebo which is anticipated to induce no
physiological changes upon administration, the
IA saline placebo disrupts the joint space in a way
that may be clinically beneficial to the patient. By
removing some of the fluid in the joint space, the
patient may benefit from reduced levels of inflam-
matory cytokines.®® Another characteristic of IA
saline is that it requires the injection of a fluid into
the joint space. The injection of saline solution
may dilute inflammatory mediators, resulting in
pain relief. These underlying biological mecha-
nisms may be some of the key reasons why some
authors do not consider IA saline to be a suitable
placebo at all;21,25:55:58 a3 unlike inert placebo
treatments, there appears to be active treatment
effects at work. However, although these hypo-
thetical biological effects of IA saline suggest a
solid mechanism of action, it is important to note
that there are fundamental differences between

the mechanism of action of IA saline and that of
pharmacological KOA treatments such as IA HA.
While IA saline may temporarily dilute inflamma-
tory markers in the joint and provide lubrication,
benefits from IA HA are believed to be based on
multiple well-studied mechanisms. IA HA has
been shown to decrease chondrocyte apoptosis
and increase chondrocyte proliferation®%:%7 as well
as increase synthesis of stimulated proteoglycan,
delaying the progression of OA.%8:69 Mechanisms
based on anti-inflammatory properties, mechani-
cal benefits (e.g., joint lubrication), effects on the
subchondral bone, and analgesic effects (reduc-
tion of joint nociceptors) have also been described
in OA.7® Further research needs to be conducted
on the full mechanism of action of IA saline in
KOA to better understand the key differences
between these injectables.

Perhaps one of the most important take-aways
from our review were the proposed solutions to
mitigate the IA placebo effect in knee OA trials. A
number of authors described that it is imperative
to weigh the relevance of clinical trial evidence
when making decisions about a treatment’s effi-
cacy or whether it may be suitable for clinical
practice.%18:19,:25,32,34,35,42,54 'This may be directed
at clinical practice guideline groups, policy mak-
ers, or practicing clinicians and refers to the need
for readers of clinical trial evidence to take into
account the underlying placebo effect before
making a judgment on the active treatment’s rela-
tive clinical effectiveness. In this way, available
therapies that generally have promising safety and
efficacy profiles but also have some evidence that
shows no superiority over placebo may still be
considered as beneficial to these patients, who
otherwise have few effective treatment options.

Another interesting solution was that the beneficial
clinical effects of IA saline should be realized and
put to good use. It was suggested that IA saline,
which has been demonstrated time and time again
to show good efficacy in reducing symptoms of
pain in patients with knee OA in RCTs, could
potentially be harnessed as an active treatment
itself*3 and could be made useful in patients who
suffer from chronic distressing conditions for
which there is no cure.3? Afterall, the large placebo
effect that may be considered a burden to clinical
trial researchers may conversely work in the favor
of a treating physician who simply wants to provide
their patient with pain relief and improved quality
of life. However, it should be noted that the notion
of considering IA saline as an active comparator
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may yield some ethical concerns. The biological
mechanism of action for IA saline is not currently
well established. Marketing of a ‘placebo’ that has
no biological mechanism of action aside from that
based on patient expectations would not be appro-
priate. Further confirmation of the underlying bio-
logical mechanisms (e.g., aspiration of synovial
fluid or dilution of inflammatory markers) of IA
saline, if any, is needed before it may be considered
as a viable treatment. It is also worth noting that IA
saline may not be as effective in the real world out-
side the context of clinical trials. Participation into
an RCT alone has been shown to heighten the
effect of placebo,”! which is due to patient expecta-
tions that the treatment they receive may be an
active treatment, and therefore may benefit them.
This scenario is in contrast to a real-world setting,
where if a patient were to receive IA saline pre-
sented as mere ‘placebo’, the effects of the IA
saline would depend mainly on any underlying
biological mechanisms, while the additive ‘true’
placebo effect would be diminished due to lowered
patient expectations. Hence, we cannot expect the
effectiveness of IA saline to be the same in a clini-
cal trial versus a real-world setting. Further research
into the mechanisms of injectable IA saline may
elucidate any active treatment effects that set this
intervention apart from a ‘true’ placebo. In partic-
ular, research investigating the changes in synovial
fluid and serum biomarkers following IA saline will
provide crucial information to better understand
how it provides symptomatic relief in patients with
KOA.7>74 Whether or not the IA saline placebo
should be removed completely from the KOA
research landscape or harnessed for its potential
therapeutic benefits is still up for debate.

Finally, one noteworthy mention within a study on
hip OA by Saltzman ez al.?” was the observation
that the placebo effect is present for continuous
subjective measures of disease activity (e.g., stiff-
ness, self-reported function, and physician’s global
assessment) but not for objective outcomes such as
quadriceps strength, knee swelling, range of
motion, and radiographic joint space narrowing, as
seen in a meta-analysis by Bannuru ez al.18 The use
of objective physical examination or laboratory
measures (such as 6-min walk test, knee swelling,
and range of motion and radiographic joint space
narrowing) in KOA RCT's may be another avenue
to circumvent the substantial placebo effect and
tease apart the active treatment effects.”>

Our review has several strengths. To our knowl-
edge, this is the first literature review to summarize

the existing evidence and expert opinions on chal-
lenges, hypotheses, and potential solutions to miti-
gate the IA placebo effect in KOA trials. This is
expected to shed light on the unique challenges
that researchers experience in this research space,
and the summary of proposed solutions may help
to improve the interpretation of clinical trial evi-
dence. Second, we searched three major electronic
databases to capture our studies, resulting in an
evidence base that is comprehensive and repre-
sentative of the existing evidence on this topic.
Third, an in-depth hand-searching of citations
cited by relevant reviews was carried out to ensure
that studies that may have been missed in the
searches were captured. Limitations of our review
included the nonsystematic methodological
approach to conducting this review and therefore
the inability to completely rule out of the possibil-
ity that some relevant studies were missed. In addi-
tion, although some studies described additional
mechanisms of action of the placebo effect, evi-
dence was only available in animal studies and was
not summarized here.”® It is worth noting that
there are a number of biological hypotheses for the
placebo effect that have been investigated outside
of the context of KOA and therefore beyond the
scope of this review. Although these hypotheses
have been primarily investigated in healthy partici-
pants, they may warrant consideration as potential
hypotheses for the IA placebo effect in KOA.
Examples of such hypotheses include placebo-
treated participants experiencing a release of dopa-
mine””8 or endogenous opioids’’-82 that may
contribute to pain relief, involvement of subcorti-
cal pain transmission centers in the placebo
effect,’7-79:83 genetics as an explanation for placebo
effect variability,3* placebo’s impact on the neuro-
logic pain signature, and a multivariate brain pat-
tern tracking nociceptive pain seen on functional
neuroimaging.8® Further research in the context of
KOA specifically is needed to confirm the applica-
bility of these hypotheses to this disease area. In
addition, the nature of the present review was pri-
marily qualitative, as well as the number of
included clinical trials was small. Although we did
not restrict our inclusion criteria to any particular
study design, the fact that we did not encounter
many clinical trials reporting challenges, hypothe-
ses, or potential solutions to mitigate the IA pla-
cebo effect may reflect a paucity of high-quality
published literature on this topic.

Based on the available evidence, one can con-
clude that the IA placebo effect is real and omni-
present in IA saline-controlled RCTs in KOA
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and should be adequately accounted for in clini-
cal trial research. There is a need for further
research into the mechanism of action of IA saline
in KOA as well as other patient-, trial-, and treat-
ment-related factors that may impact the placebo
effect size, particularly those related to culture
and geographic region. However, increased
awareness and understanding of the placebo
effect in KOA is important for fair interpretation
of clinical trial evidence in this space.
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