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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-Based
Practice Centers (EPCs), sponsors the development of evidence reports and technology
assessments to assist public- and private-sector organizations in their efforts to improve the
quality of health care in the United States. The reports and assessments provide organizations
with comprehensive, science-based information on common, costly medical conditions and new
health care technologies. The EPCs systematically review the relevant scientific literature on
topics assigned to them by AHRQ and conduct additional analyses when appropriate prior to
developing their reports and assessments.

To bring the broadest range of experts into the development of evidence reports and health
technology assessments, AHRQ encourages the EPCs to form partnerships and enter into
collaborations with other medical and research organizations. The EPCs work with these partner
organizations to ensure that the evidence reports and technology assessments they produce will
become building blocks for health care quality improvement projects throughout the Nation. The
reports undergo peer review prior to their release.

AHRQ expects that the EPC evidence reports and technology assessments will inform
individual health plans, providers, and purchasers as well as the health care system as a whole by
providing important information to help improve health care quality.

We welcome comments on this evidence report. They may be sent by mail to the Task Order
Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road,
Rockville, MD 20850, or by e-mail to epc@ahrqg.gov.

Carolyn M. Clancy, M.D. Jean Slutsky, P.A., M.S.P.H.

Director Director, Center for Outcomes and Evidence
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality
Beth A. Collins Sharp, Ph.D., R.N. Capt. Ernestine Murray, R.N., M.A.S.
Director, EPC Program EPC Program Task Order Officer

Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality
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Structured Abstract

Objectives: Systematic review of outcomes of three treatments for osteoarthritis (OA) of the
knee: intra-articular viscosupplementation; oral glucosamine, chondroitin or the combination;
and arthroscopic lavage or debridement.

Data Sources: We abstracted data from: 42 randomized, controlled trials (RCTs) of
viscosupplementation, all but one synthesized among six meta-analyses; 21 RCTs of
glucosamine/chondroitin, 16 synthesized among 6 meta-analyses; and 23 articles on arthroscopy.
The search included foreign-language studies and relevant conference proceedings.

Review Methods: The review methods were defined prospectively in a written protocol. We
sought systematic reviews, meta-analyses, and RCTs published in full or in abstract. Where
randomized trials were few, we sought other study designs. We independently assessed the
quality of all primary studies.

Results: Viscosupplementation trials generally report positive effects on pain and function
scores compared to placebo, but the evidence on clinical benefit is uncertain, due to variable trial
quality, potential publication bias, and unclear clinical significance of the changes reported.

The Glucosamine/Chondroitin Arthritis Intervention Trial (GAIT), a large (n=1,583), high-
quality, National Institutes of Health-funded, multicenter RCT showed no significant difference
compared to placebo. Glucosamine sulfate has been reported to be more effective than
glucosamine hydrochloride, which was used in GAIT, but the evidence is not sufficient to draw
conclusions. Clinical studies of glucosamine effect on glucose metabolism are short term, or if
longer (e.g., 3 years), excluded patients with metabolic disorders.

The best available evidence for arthroscopy, a single sham-controlled RCT (n=180), showed
that arthroscopic lavage with or without debridement was equivalent to placebo. The main
limitations of this trial are the use of a single surgeon and enrollment of patients at a single
Veterans Affairs Medical Center.

No studies reported separately on patients with secondary OA of the knee. The only
comparative study was an underpowered, poor-quality trial comparing viscosupplementation to
arthroscopy with debridement.

Conclusions: Osteoarthritis of the knee is a common condition. The three interventions
reviewed in this report are widely used in the treatment of OA of the knee, yet the best available
evidence does not clearly demonstrate clinical benefit. Uncertainty regarding clinical benefit can
be resolved only by rigorous, multicenter RCTs. In addition, given the public health impact of
OA of the knee, research on new approaches to prevention and treatment should be given high
priority.
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Executive Summary

Osteoarthritis (OA) affects about 21 million people in the United States. By age 65, the
majority of the population has radiographic evidence of osteoarthritis and 11 percent have
symptomatic OA of the knee. This is a systematic review of three treatments for OA of the knee:
intra-articular injections of viscosupplements; oral glucosamine, chondroitin, or the combination;
and, arthroscopic lavage and debridement. The key questions are: (1) effectiveness and harms in
primary OA of the knee, (2) in secondary OA of the knee, (3) in subpopulations, and (4)
comparison of the three interventions.

Methods

The review methods were defined prospectively in a written protocol. A technical expert
panel provided consultation. The draft report was also reviewed by other experts and
stakeholders.

We sought systematic reviews, meta-analyses, and RCTs published in full or in abstract that
reported on one or more of the interventions among patients with primary or secondary
osteoarthritis of the knee; and reported at least one outcome of interest. Primary outcomes were
pain, function, quality of life and adverse effects.

Our search had no language restrictions and used these electronic databases:

e MEDLINE® (through March 29, 2007)
e EMBASE (through March 16, 2006)
e Cochrane Controlled Trials Register (through November 27, 2006).

EMBASE was updated with abbreviated searches through November 27, 2006. Additional
sources were 2004—2006 conference proceedings of the American Association of Orthopedic
Surgeons (AAOS), American College of Rheumatology (ACR) and the Osteoarthritis Research
Society International (OARSI). Product inserts of U.S.-marketed viscosupplements were
consulted.

There were few RCTs on arthroscopy or comparative outcomes, so we also sought
nonrandomized comparative trials and, for arthroscopy, administrative database analyses and
case series (n>50). Because several comprehensive systematic reviews with meta-analyses on
viscosupplementation and glucosamine/chondroitin had been published, we focused on detailed
review of existing meta-analyses, supplemented by primary studies where necessary.

Of 1,842 citations, 451 articles were retrieved and 98 selected for inclusion:

e Six meta-analyses (N=41 trials) and one additional trial of viscosupplementation
e Six meta-analyses (N=16 trials) and five additional trials of glucosamine/chondroitin

e 23 articles on arthroscopy.



A single reviewer screened citations for article retrieval; citations judged as uncertain were
reviewed by a second reviewer. The same procedure was used to select articles for inclusion in
the review. A single reviewer performed data abstraction and a second reviewed the evidence
tables for accuracy. However, study quality was appraised by dual independent review. All
disagreements were resolved by consensus.

The quality of RCTs and quasi-experimental studies were assessed using the general
approach developed by the U.S. Preventive Services Task Force (Harris, Helfand, Woolf, et al.
2001). Assessment of the quality of systematic reviews and meta-analyses were guided by a
quality rating method reported by Oxman and Guyatt (1991). The framework proposed by Carey
and Boden (2003) was used to assess the quality of case series.

Results

Viscosupplementation

Effectiveness and Harms in Primary OA of the Knee. Results from 42 trials (N=5,843),
all but one synthesized in various combinations in six meta-analyses, generally show positive
effects of viscosupplementation on pain and function scores compared to placebo. However, the
evidence on viscosupplementation is accompanied by considerable uncertainty due to variable
trial quality, potential publication bias, and unclear clinical significance of the changes reported.

The pooled effects from poor quality trials were as much as twice those obtained from higher
quality ones. Pooled results from small trials (<100 patients) showed effects up to twice those of
larger trials, a finding consistent with selective publication of underpowered positive trials.
Among trials of viscosupplementation, those that have not been published in full text comprise
approximately 25 percent of the total patient population.

Most RCTs reported results as mean changes in pain and function. Interpreting the clinical
significance of pooled mean effects from the meta-analyses is difficult; mean changes do not
quantify proportions responding. Numbers needed to treat cannot be calculated from mean
changes. It would be more informative to report response rate, i.e., comparison of the proportion
of patients achieving a clinically important improvement.

Trials of hylan G-F 20, the highest molecular weight cross-linked product, generally reported
larger effects than other trials.

Minor adverse events accompanying intra-articular injections are common, but the relative
risk accompanying hyaluronan injections over placebo appears to be small. Pseudoseptic
reactions associated with hyaluronans appear relatively uncommon, but can be severe.

Differences in Outcomes Among Subpopulations. Four RCTs were identified examining
any of the specified subgroups. None examined race/ethnicity, disease duration, or prior
treatment. In one trial, randomization was stratified by disease severity; all other subgroup
results were obtained in post-hoc analyses. There was no evidence for differential effects
according to subgroups defined by age, sex, primary/disease, body mass index/weight, or disease
severity. One positive post-hoc subgroup analysis found greater efficacy among older
individuals with more severe disease, but was not confirmed in a subsequent trial.



Glucosamine, Chondroitin, Alone or in Combination

Effectiveness and Harms in Primary OA of the Knee. The best evidence comes from the
Glucosamine/Chondroitin Arthritis Intervention Trial (GAIT; Clegg, Reda, Harris, et al., 2006),
a large (n=1,583), good quality, NIH-funded, multicenter RCT. GAIT compared glucosamine
hydrochloride, chondroitin sulfate, or the combination of these agents, with placebo or celecoxib
in patients with primary osteoarthritis of the knee. After 24 weeks of treatment, intention-to-treat
analysis showed no significant difference in symptomatic relief between glucosamine
hydrochloride, chondroitin sulfate, or glucosamine hydrochloride plus chondroitin sulfate
compared to placebo. Substantiating this result was that celecoxib, the active control, was
effective.

Six study-level meta-analyses (MAs) assessed glucosamine or chondroitin in OA of the knee.
All but one of the MAs reported statistically significant differences between treatment and
placebo. However, these MAs had limitations in the quality of the primary studies that were
pooled. Limitations of the primary literature included small study size, inclusion of studies that
assessed joints other than knee, and failure to report intent to treat analysis. In general, the MAs
did not perform adequate quality appraisal of the primary studies.

Glucosamine sulfate has been reported to be more effective than glucosamine hydrochloride,
however, the evidence is not sufficient to draw conclusions. A subgroup analysis in the largest
MA (Towheed, Maxwell, Anastassiades, et al., 2006) significantly favored glucosamine sulfate.
The results of GUIDE (Herrero-Beaumont, Roman, Trabado, et al., 2007), a European placebo-
controlled RCT (n=318), sponsored by Rotta, a glucosamine sulfate manufacturer, report
favorable results for glucosamine sulfate. While the overall results of GAIT show no benefit, in
the subgroup of knee OA patients with moderate-to-severe pain at baseline, the combination of
glucosamine hydrochloride and chondroitin sulfate significantly improved pain. Together, this
evidence suggests an independent trial of glucosamine sulfate would be useful to definitively
establish whether there is benefit.

In general, adverse events with glucosamine or chondroitin treatment were no greater than
placebo. There has been some concern from in vitro and preclinical studies that glucosamine
supplementation could have a deleterious effect on glucose metabolism and glycemic control.
However, available clinical studies are short-term, or if longer (e.g., 3 years), excluded patients
with metabolic disorders.

Differences in Outcomes Among Subpopulations. GAIT found that glucosamine plus
chondroitin produced a statistically and clinically significant improvement of pain in patients
with moderate-to-severe OA of the knee. Although the effect of celecoxib treatment in a similar
group of patients was not statistically significant, the magnitude and direction of the response
were consistent with clinical benefit. The nonsignificant statistical result in the celecoxib arm
may be a function of insufficient power due to the small number of patients. Although this
subgroup analysis was not explicitly prespecified in the GAIT protocol, the stratified
randomization by disease severity yields statistically valid comparisons. A trial of glucosamine
sulfate would be useful to definitively establish whether there is benefit.

Arthroscopic Lavage and Debridement

Effectiveness and Harms in Patients With Primary OA. The best available evidence, a
single placebo-controlled RCT, found arthroscopic lavage with or without debridement was not



superior to placebo. The evidence base does not definitively show that arthroscopy is no more
effective than placebo. However, additional high-quality RCTs would be necessary to refute the
existing trial, which suggests equivalence between placebo and arthroscopy.

No other study besides Moseley, O’Malley, Petersen, et al. (2002) addressed the potential
contribution of placebo effects to apparent improvement in outcome after arthroscopy. The
primary limitations of the Moseley, O’Malley, Petersen, et al. (2002) trial are lack of details
describing the patient sample, the use of a single surgeon, and enrollment of patients at a single
Veterans Affairs Medical Center. These concerns call into question the generalizability of this
trial’s findings. Since OA of the knee affects a large population, uncertainty about arthroscopy’s
effectiveness should be resolved with further well-conducted and well-reported RCTs.

Major methodologic shortcomings in non-placebo RCTs, an administrative database analysis
and case series preclude resolution of uncertainties raised by the trial of Moseley, O’Malley,
Petersen, et al. (2002).

Evidence on the harms after arthroscopic lavage and debridement comes primarily from an
administrative database analysis and case series reports. Potential harms include infection,
prolonged drainage from arthroscopic portals, effusion, hemarthrosis and deep vein thrombosis.
To determine whether the risk of such harms is acceptable, it is important to establish whether
the effectiveness of arthroscopic lavage and debridement surpasses placebo.

Differences in Outcome Among Subpopulations. Subgroup analyses for mechanical
symptoms, alignment and OA stage were performed in the Moseley placebo-controlled RCT.
No differences in results were observed within subgroups. Subgroup analyses were also
performed in a quasi-experimental study, an administrative database and several case series. In
these studies, different outcomes were observed according to age, presence of mechanical
symptoms, and severity of OA. However, since these studies did not include placebo controls, it
cannot be concluded that arthroscopy has greater effectiveness in specific patient subgroups.

All Interventions

Effectiveness and Harms in Secondary OA of the Knee. We identified no studies that
enrolled patients with only secondary OA of the knee, or that reported separately on secondary
OA of the knee.

Comparison of Interventions. We did not find any direct comparative studies in which
glucosamine, chondroitin, or glucosamine plus chondroitin were compared with arthroscopy or
viscosupplementation to treat OA of the knee. A single, small, underpowered, poor quality trial
found no difference in outcome measures comparing intra-articular hyaluronan to arthroscopy
and debridement over a 1-year followup.

Discussion and Future Research

OA of the knee is a common condition and the three interventions reviewed in this report are
widely used in the treatment of OA of the knee. Yet the best available evidence reports that
glucosamine/chondroitin and arthroscopic surgery are no more effective than placebo. The
Glucosamine/Chondroitin Arthritis Intervention Trial (GAIT) (n=1,583) found that neither
glucosamine hydrochloride, chondroitin sulfate nor the combination was superior to placebo and
that all were inferior to celecoxib. The double blind randomized controlled trial by Moseley,
O’Malley, Petersen, et al. (2002, n=180) found that arthroscopic lavage with or without



debridement was not superior to sham arthroscopy. Results from 42 RCTs, all but one of which
were synthesized in various combinations in six meta-analyses, generally show positive effects
of viscosupplementation on pain and function scores compared to placebo. However, the
evidence on viscosupplementation is accompanied by considerable uncertainty due to variable
trial quality, potential publication bias, and unclear clinical significance of the changes reported.

For viscosupplementation, higher-quality trials are in the minority and show smaller effects;
there are numerous patients lost to follow-up, and a substantial portion of studies (25 percent of
total patients) have not been published as full articles. The clinical significance of reported
changes in pain and function scores is uncertain, as almost all studies compare only mean
difference between arms. Although the overall pooled estimate suggests that hylan G-F 20 may
have a larger effect than other hyaluronans, whether this represents a meaningful clinical effect
or limitations in the quality and completeness of study reporting is unknown. A rigorous RCT
that showed strong evidence of improvement in pain and function would be necessary to
conclude that viscosupplementation is beneficial.

While the overall results of GAIT show no benefit, a subgroup analysis found that the
combination of glucosamine hydrochloride and chondroitin sulfate significantly improved pain
in patients with moderate-to-severe OA of the knee. Although this subgroup analysis was not
explicitly prespecified in the GAIT protocol, the stratified randomization by disease severity
yields statistically valid comparisons. The nonsignificant statistical result in the celecoxib arm in
the same patient subgroup may be a function of insufficient power. Given the small number of
patients in the moderate-to-severe subgroup, and the large number of such patients in the general
population, a further trial can be justified. However, these subgroup results do not override the
overall results of GAIT, which must stand unless confirmed in a rigorous RCT.

The existing evidence does not definitively show that arthroscopic lavage with or without
debridement is no more effective than placebo. However, additional placebo-controlled RCTs
showing clinically significant advantage for arthroscopy would be necessary to refute the
Moseley results, which show equivalence between placebo and arthroscopy. The recently
published Spine Patient Outcomes Research Trial (SPORT) offers an alternative study design
that could be informative, a rigorous RCT comparing surgery to conservative management,
rather than sham (Weinstein, Tosteson, Lurie, et al., 2006).

Overall, our recommendations for future research reach beyond the specific treatments
addressed in this report, and are intended broadly to improve the quality of research and
reporting on interventions for osteoarthritis of the knee. However, our population is aging, there
is increasing prevalence of obesity, and increasing burden of knee osteoarthritis, together with
inconsistent evidence regarding disease treatments. Given the public health impact, research on
new approaches to prevention and treatment should be given high priority.

Minimally Clinically Important Improvement in Pain and Function Should be the
Measure of Success for All Trials. Clinically meaningful results require outcome measures
establishing that patients experience improvement that is important to them—meaningful
clinically important improvement. The range of magnitude of improvement clinically important
to patients has been estimated for VAS pain and WOMAC measures, while to a lesser degree for
the Lequesne Index (see Methods). Common measures and intervals for measurement will
produce a more robust body of cumulative evidence and improve the ability to compare and pool
results among trials.

Unpublished Studies Should be Made Available as Full Text Publications. Among RCTs
of viscosupplementation, those that have not been published in full text comprise approximately



25 percent of the total patient population. Several meta-analyses of glucosamine report that trials
of the Rotta product, glucosamine sulfate, show outcomes superior to trials of glucosamine
hydrochloride; yet key trials have not been published as full-text studies. Existing studies should
be published in full. And all trials should be registered at inception at ClinicalTrials.gov along
with anticipated date for full release of results.

The Pitfalls of Meta-Analysis Should be More Widely Recognized and Acknowledged.
Our evidence report draws heavily on six study-level meta-analyses of glucosamine/chondroitin
and five of viscosupplementation. While we used a validated instrument to appraise the quality
of the systematic reviews, the instrument does not address the question of when meta-analysis is
appropriate to a systematic review. Meta-analysis is a technique with underlying assumptions
that may or may not hold when a particular collection of results are pooled. Furthermore, meta-
analyses may fail to convey the real uncertainty and potential bias accompanying pooled
estimates.

Uncertainty in the magnitude of effects pooled is influenced by factors intrinsic to the
underlying trials. Among these are variable patient characteristics, trial characteristics, and the
indication that a few trial results were outliers and influential on pooled estimates. The meta-
analyses frequently reported high inter-trial heterogeneity. Random effects models were used in
the face of high heterogeneity, but a consequence is to increase the influence of smaller trials on
the pooled results. The meta-analyses did not address a threshold question, one that has not been
clearly resolved by practitioners of meta-analysis: when is heterogeneity too high to justify
pooling trial results. A related concern is the practice of reporting on multiple outcome measures
and time intervals, which may be represented by a small portion of studies, thus potentially
introducing bias.

Conclusions

Osteoarthritis of the knee is a common condition. The three interventions reviewed in this
report are widely used in the treatment of OA of the knee, yet the best available evidence does
not clearly demonstrate clinical benefit. Uncertainty over clinical benefit can be resolved only
by rigorous, multicenter RCTs. In addition, given the public health impact of OA of the knee,
research on new approaches to prevention and treatment should be given high priority.
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Chapter 1. Introduction

This is a systematic review of three treatments for osteoarthritis (OA) of the knee: intra-
articular injections of viscosupplements; oral glucosamine, chondroitin or the combination; and,
arthroscopic lavage and debridement. The key questions are: (1) effectiveness and harms in
primary OA of the knee, (2) in secondary OA of the knee, (3) in subpopulations, and (4)
comparison of the three interventions. This section outlines the burden of illness and clinical
management of osteoarthritis of the knee, the interventions of interest and uncertainties, and
overviews key questions to be addressed.

Burden of lliness

According to the U.S. Centers for Disease Control and Prevention (CDC), an estimated 22
percent of adults (46 million) in the United States have doctor-diagnosed arthritis (Centers for
Disease Control and Prevention, 2006). Earlier figures suggest approximately 11 percent of the
population 64 years and older has symptomatic OA of the knee (Manek and Lane, 2000).
Symptoms of OA typically begin after age 40 and progress slowly, with radiographic evidence of
the disease present in the majority of the population by 65 years of age and in approximately 80
percent of the population age 75 years and older. OA of the knee is more common in women
than in men, with risk factors that include obesity, previous knee injury or surgery, and
occupational bending and lifting (Felson, 2006; Centers for Disease Control and Prevention,
2005).

Loss of joint function as a result of OA overall is a major cause of work disability and
reduced quality of life. The CDC estimates that osteoarthritis and related arthritic conditions
cost the U.S. economy nearly $81 billion per year in direct medical care, with indirect expenses
of about $47 billion that include lost wages and production (Centers for Disease Control and
Prevention, 2004). CDC figures further estimate the total annual direct cost of OA and related
conditions per person is approximately $1,752.

Clinical Management

Pathophysiology

The term “osteoarthritis” refers to a heterogeneous group of joint disorders, usually signaled
by symptoms of pain and stiffness. It involves both destructive and reparative metabolic
processes, with a variety of biochemical triggers in addition to mechanical injury of the joint
(Mandelbaum and Waddell, 2005). It is thought that inflammation does not play a primary role
in osteoarthritis, although it may be present. When inflammation occurs, it is generally mild
(Hochberg, Altman, Brandt, et al., 1995b). The pathogenesis of OA is not fully understood,
although multiple contributing factors are recognized including genetic, environmental,
metabolic, and biomechanical factors (Kraus, 1997).

Although OA eventually involves all joint structures, it begins with damage and progressive
degradation of articular hyaline cartilage structure and function (chondropenia), typically in a



nonuniform, focal manner (Felson, 2006). As chondropenia progresses in localized areas, stress
increases across the entire joint, further damaging and eroding cartilage. In areas with full-
thickness cartilage loss, abnormal remodeling and attrition of subarticular bone commences,
typically accompanied by growth of osteophytes. Synovitis, ligamentous laxity, and periarticular
muscle weakness may also occur, eventually leading to joint tilting and malalignment.
Malalignment is a risk factor for joint failure, hastening structural deterioration of the joint by
increasing local loading forces.

The symptoms of OA result from abnormal stresses on the weight-bearing joints or normal
stresses on weakened joints, becoming progressively worse and more frequent with age. The
typical joints involved with osteoarthritis include the large, weight-bearing joints such as the hip
and knee, as well as selected smaller joints in the hands, feet, and spine.

Classification

Osteoarthritis may be broadly categorized as primary (idiopathic) or secondary. According
to the American Academy of Orthopaedic Surgeons, primary OA of the knee can be defined as a
process in which articular degeneration occurs in the absence of an obvious underlying
abnormality (American Academy of Orthopaedic Surgeons, 2004). Secondary OA of the knee is
often the result of injury (trauma) or repetitive motion such as found in certain occupations. It
can also result from congenital conditions and underlying diseases, including include systemic
metabolic diseases, endocrine diseases, bone dysplasias, and calcium crystal deposition diseases.
Secondary OA is more likely to manifest itself at an earlier age than primary OA, and may be an
initial clue to the presence of a potentially dangerous and treatable systemic disease. While there
is rationale for identifying two separate categories of OA, making a distinction between them
does not alter clinical practice and therapeutic choices.

Diagnosis

The diagnosis of osteoarthritis is established using a combination of clinical information
derived from history, physical examination, radiologic, and laboratory evaluation. An algorithm
of diagnostic criteria for osteoarthritis of the knee has been proposed by the American College of
Rheumatology (ACR) (Altman, Asch, Bloch, et al., 1986). A diagnosis of OA of the knee is
defined as presenting with pain, and meeting at least five of the following criteria:
e Patient older than 50 years of age
e Less than 30 minutes of morning stiffness
e Crepitus (noisy, grating sound) on active motion
e Bony tenderness

¢ Bony enlargement

e No palpable warmth of synovium
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e Erythrocyte sedimentation rate (ESR) <40 mm/hr
e Rheumatoid factor <1:40
¢ Noninflammatory synovial fluid.

The presence of clinical symptoms of OA does not always correlate well with the degree of
abnormality seen on radiographs. It has been noted that approximately 40 percent of patients
who have severe X-ray findings report no symptoms, and conversely, patients with clinical
symptoms may show no significant radiological changes (Balint and Szebenyi, 1996; Davis,
Ettinger, Neuhaus, et al., 1992; Claessens, Schouten, van den Ouweland, et al., 1990).

Treatment

Treatment for OA of the knee aims to alleviate pain and improve function in order to mitigate
reduction in activity (American College of Rheumatology, 2000; Felson, 2006). However, most
treatments do not modify the natural history or progression of OA, and thus are not considered
curative. Nonsurgical modalities include education, exercise, weight loss, and various
supportive devices; acetaminophen or nonsteroidal anti-inflammatory drugs (NSAIDs) such as
ibuprofen; nutritional supplements (glucosamine and chondroitin); and, intra-articular
viscosupplements.

Guidelines for the medical management of osteoarthritis emphasize the role of both
nonpharmacologic and pharmacologic therapies (American College of Rheumatology, 2000;
Jordan, Arden, Doherty, et al., 2003). Initial management involves nonpharmacologic therapies,
including education, exercise, various appliances and braces, and weight reduction.
Acetaminophen is recommended as first-line pharmacologic therapy. If pain relief is inadequate
with acetaminophen, analgesic-dose NSAIDs may be used (e.g., ibuprofen, naproxen). If
symptom response to a lower NSAID dosage is inadequate, higher, anti-inflammatory, doses
may be used. Intra-articular corticosteroid injection may be considered when relief from
NSAIDs is insufficient or the patient is at risk from gastrointestinal adverse effects. Injection of
corticosteroids is frequently limited to three to four times per year per joint because of concern
about the possibility of progressive cartilage damage through repeated injection in the weight-
bearing joints (Neustadt, 1992).

If symptom relief is inadequate with conservative measures, invasive treatments may be
considered. Operative treatments for symptomatic OA of the knee include arthroscopic lavage
and cartilage debridement, osteotomy, and, ultimately, total joint arthroplasty (Day, 2005).
Surgical procedures intended to repair or restore articular cartilage in the knee, including
abrasion arthroplasty, microfracture techniques, autologous chondrocyte implantation, and
others, are appropriate only for younger patients with focal cartilage defects secondary to injury
(Clarke and Scott, 2003).

Interventions Addressed in This Report
Intra-Articular Injections of Hyaluronic Acid Preparations. As shown in Table 1, five

hyaluronan-based products are approved, all as class 3 devices, via U.S. Food and Drug
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Table 1. U.S. FDA-approved hyaluronan products and product information statements

Product

Regarding Treatment
Course

Regarding Minimum # of
Injections

Regarding Other Joints

Regarding Repeat Treatments

Hyalgan® (sodium
hyaluronate); Fidia
Pharmaceutical

Original PMA date:
5/28/97

MW: 0.5-0.73
million Da

“A treatment cycle
consists of five injections
given at weekly intervals.

Some patients may
experience benefit with
three injections given at
weekly intervals.”

“The effectiveness of a
single treatment cycle of
less than 3 injections has
not been established.”

“The safety and effectiveness
of the use of Hyalgan® in joints
other than the knee have not
been established.”

“Adverse experience data from the literature
contain no evidence of increased risk relating to
retreatment with Hyalgan®. The frequency and
severity of adverse events occurring during
repeat treatment cycles did not increase over
that reported for a single treatment cycle....”

Hyalgan® is the only hyaluronan with
demonstrated safety in a 30-month, repeat use,
open-label trial in which 75 patients received a
cycle of 5 weekly injections of Hyalgan® every 6
months.

Synvisc® (hylan G-F
20); Genzyme
Corporation

Original PMA date:
8/08/97

MW: 6 million Da
(hylan A)

“Synvisc® is administered
by intraarticular injection
once a week (one week
apart) for a total of three
injections.”

“The effectiveness of a
single treatment cycle of
less than three injections
of Synvisc® has not been
established.”

“The safety and effectiveness
of Synvisc® in locations other
than the knee and for
conditions other than
osteoarthritis have not been
established.”

“The reactions seemed to occur more often when
Synvisc® was injected into the knee as a repeat
set of injections than when Synvisc® was injected
as a first set of injections.”

Supartz® (sodium
hyaluronate);
Seikagaku
Corporation

Original PMA date:
1/24/01

MW: 0.62-1.17
million Da

“Supartz® is administered
by intraarticular injection
once a week (one week
apart) for a total of 5
injections.”

“The effectiveness of a
single treatment cycle of
less than 5 injections has
not been established.”

“The safety and effectiveness
of the use of Supartz® in joints
other than the knee have not
been established.”

“The safety and effectiveness of repeat treatment
cycles of Supartz® have not been established.”
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Table 1. U.S. FDA-approved hyaluronan products and product information statements (continued)

Product

Regarding Treatment
Course

Regarding Minimum # of
Injections

Regarding Other Joints

Regarding Repeat Treatments

Orthovisc® (sodium
hyaluronate), Anika
Therapeutics, Inc.

Original PMA date:
2/04/04

MW: 1-2.9 million
Da

“Orthovisc® is injected into
the knee joint in a series of
intraarticular injections one
week apart for a total of
three or four injections.”

The effectiveness of a single
treatment cycle of less than 3
injections has not been
established. Pain relief may
not be seen until after the
third injection.

“The safety and
effectiveness of the use
of Orthovisc® in joints
other than the knee have
not been established.”

“The effectiveness has not been established for
more than one course of treatment.”

Euflexxa® (sodium
hyaluronate), Ferring
Pharmaceuticals

Original PMA date:
(approved under the
name Nuflexxa)

MW: 2.4-3.6 million
Da

“A dose of 2 mlis injected
intraarticularly into the
affected knee at weekly
intervals for three weeks, for
a total of three injections.”

N/R

“Safety and
effectiveness of injection
in conjunction with other
intraarticular injectables,
or into joints other than
the knee has not been
studied.”

“The safety and effectiveness of repeated
treatment cycles of EUFLEXXA™ have not been
established.”

Da: Daltons; MW: molecular weight; PMA: premarket approval




Administration (FDA) premarketing application (PMA) approval. These products vary by
molecular weight, with Hyalgan®, Supartz®, and Orthovisc® on the lower to mid-range end (0.5—
0.73 mDa, 0.6—1.2 mDa, and 1-2.9 mDa, respectively) and Synvisc® on the upper end with a
much greater molecular weight related to its cross-linked nature. Synvisc® actually comprises
two components (thus, the name “hylan gel-fluid 20”): (1) hylan A, which is a viscoelastic fluid
with an average molecular weight of 6 mDa, and (2) hylan B, a hydrated gel, for which a
molecular weight cannot be measured. For comparison, the molecular weight of hyaluronan in
normal synovial fluid is about 0.2—0.5 mDa (Peyron, 1993).

Glucosamine and Chondroitin. Glucosamine is an aminomonosaccharide which is the
principal component of O-linked and N-linked glycosaminoglycans, which comprise the matrix
of all connective tissues, including cartilage (Biggee and McAlindon, 2004; Matheson and Perry,
2003; Hauselmann, 2001; Deal and Moskowitz, 1999). This compound historically has been
derived by extraction of chitin, a component of crustacean shells, although is also is produced
through fermentation of a vegetarian source. Chondroitin sulfate is a glycosaminoglycan with a
polymerized disaccharide base linked to a sulfate moiety, and is a component of proteoglycans of
articular cartilage. It is usually derived from bovine trachea, although other sources such as
ovine or porcine trachea and shark cartilage are used. The mechanisms of action of these
compounds are unknown, but it is speculated they may promote maintenance and repair of
cartilage.

In the United States, glucosamine hydrochloride or sulfate and chondroitin sulfate are
considered dietary supplements available in over-the-counter (OTC) products, which may vary
substantially in content and purity from what is stated on the label (McAlindon, 2003). In
European Union countries, glucosamine sulfate and chondroitin sulfate are regulated as
prescription drugs. A number of clinical trials with positive outcomes either used glucosamine
sulfate manufactured by an Italian firm, Rotta Research Laboratorium, or were financially
supported by Rotta. It has been hypothesized that Rotta glucosamine sulfate has greater efficacy
than the hydrochloride salt, and that the formulation is a key factor in trial outcome (Altman,
Abramson, Bruyere, et al., 2006; Hochberg, 2006; McAlindon, 2003). Oral administration of
glucosamine sulfate can increase serum and synovial fluid sulfate levels, whereas sodium sulfate
does not. Absorbed sulfate is then used in the synthesis of proteoglycans and metabolic
intermediates like coenzyme A and glutathione that are important for chondrocyte metabolism.

Arthroscopy. The term “arthroscopy” is often used collectively in reference to individual
minimally invasive surgical procedures, joint lavage and articular debridement, which are
performed using fine needles and an arthroscope (Gidwani and Fairbank, 2004; Gunther, 2001).
Arthroscopic lavage is a palliative measure in which intra-articular fluid is aspirated and the joint
is washed out, removing inflammatory mediators, debris, or small loose bodies from the
osteoarthritic knee. Articular debridement involves removal of cartilage or meniscal fragments,
but also can include cartilage abrasion, excision of osteophytes and synovectomy. Debridement
is intended to improve symptoms and joint function in patients with mechanical symptoms such
as locking or catching of the knee. Because lavage and debridement are often performed at the
same time, it is difficult to attribute the success or failure of arthroscopy to a specific procedure.
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Key Questions for This Systematic Review

This systematic review of the literature will address the following questions regarding

managing patients with OA of the knee with three interventions: intra-articular injections of
viscosupplements; oral glucosamine and chondroitin; and, arthroscopic lavage and debridement.

1.

What are the clinical effectiveness and harms of each intervention in patients with
primary OA of the knee?

What are the clinical effectiveness and harms of each intervention in patients with secondary
OA of the knee?

How do the short-term and long-term outcomes of each intervention differ by the following
subpopulations: age, race/ethnicity, gender, primary or secondary OA, disease severity and

duration, weight (body mass index), and prior treatments?

How do the short-term and long-term outcomes of each intervention compare for the
treatment of primary OA of the knee; and secondary OA of the knee?
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Chapter 2. Methods

This report is a systematic review of the effectiveness of three technologies to treat
osteoarthritis (OA) of the knee: intra-articular hyaluronan injections (viscosupplements), enteral
glucosamine and chondroitin given alone or in combination, and arthroscopic lavage and
debridement. This chapter describes the search strategies used to identify literature; criteria and
methods used for selecting eligible articles; methods for data abstraction; methods for quality
assessment; and, finally, the process for technical expert advice and peer review.

The methods of this review are generally applicable to all Key Questions. However, as
noted, there were variations in specific aspects of the methods as necessary to satisfy
requirements of each question.

Peer Review

A technical expert panel provided consultation for the systematic review and reviewed the
draft report. The draft report was also reviewed by 12 external reviewers, including invited
clinical experts and stakeholders (Appendix D’). Revisions were made to the draft report based
on reviewers’ comments.

Study Selection Criteria

This Evidence Report takes a tiered approach to evidence of the effectiveness of the three
key interventions. The primary focus is on whether interventions have beneficial effects
exceeding those of a comparative placebo. We first determined whether existing systematic
reviews and meta-analyses adequately addressed the Key Questions and whether they identified
all relevant primary studies. If additional primary studies are found, this Evidence Report
integrates their findings with systematic reviews and meta-analyses. If evidence from
randomized, placebo-controlled trials (RCTs) clearly shows benefits beyond placebo, then
comparisons between these interventions and other active interventions would be relevant.

The diagram in Figure 1 describes how reviewers proceeded through this systematic review,
beginning with applying study selection criteria to literature search results. Further steps
included data extraction and summary (see Data Extraction and Analysis), quality assessment
(see Assessment of Study Quality), and finally evidence synthesis and interpretation.
Assessment of the quality of RCTs and meta-analyses is an important part of how we conducted
this review; however, interpretation of the body of evidence for a particular class of interventions
entailed more than that. Quality assessment informed the critical appraisal of the results and
conclusions of meta-analyses, but rating classes did not give a complete picture of the strength of
the body of evidence. Beyond quality ratings, we explored the methodologic strengths and
weaknesses of RCTs and meta-analyses, inquired whether meta-analyses addressed the clinical
importance of treatment effects, and assessed how well meta-analyses attempted to explain
hetereogeneity of effects. All of these activities contributed to interpreting the overall strength of
the evidence and determining whether conclusions could be drawn with respect to key questions.

: Appendixes cited in this report are available electronically at http://www.ahrq.gov/clinic/tp/oakneetp.htm

17



81

Figure 1. Systematic review process
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Types of Studies

We sought systematic reviews, meta-analyses, RCTs, including abstracts of unpublished
placebo-controlled RCTs, examining the clinical effectiveness of one or more of the
interventions of interest among patients with primary or secondary OA of the knee; and reporting
at least one outcome of interest.

RCTs had to be published either as articles in any language or English-language abstracts (if
the study was only presented as an abstract). No minimum number of patients per study arm was
required for RCTs. Because there were few RCTs available to address arthroscopy and Key
Question 4 (comparative outcomes), we sought additional study designs. For arthroscopy, we
also sought English-language articles of nonrandomized comparative trials (i.e., quasi-
experimental studies), administrative database analyses, and case series with samples of 50 or
more. For Key Question 4, we sought randomized and nonrandomized comparative studies.

Studies were excluded if no outcome of interest to this review was reported. Studies were
also excluded if the patient population of interest was fewer than 80 percent of included patients,
or, alternatively, results for the patient population of interest were not separately reported. When
multiple reports were available for the same study, it was counted as a single trial and outcome
data from the report with the longest followup were used.

Types of Participants

The populations of interest are patients with primary or secondary OA of the knee, as defined
by the American Academy of Orthopaedic Surgeons (American Academy of Orthopaedic
Surgeons, 2004):

e Primary osteoarthritis of the knee is a process in which articular degeneration occurs in the
absence of any obvious underlying abnormality (unknown cause); and

e Secondary OA is often the result of injury (trauma) or repetitive motion in certain
occupations, but it can also result from congenital conditions and systemic metabolic

diseases, endocrine diseases, bone dysplasias, and calcium crystal deposition diseases.

Subpopulations of interest include: age, race or ethnicity, sex, disease severity and duration,
weight (body mass index), and prior treatments

Types of Interventions

Glucosamine or Chondroitin.
e Enteral (i.e., orally administered) glucosamine (sulfate or hydrochloride) given alone
e Enteral chondroitin given alone

¢ Enteral glucosamine and chondroitin given in combination.
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Glucosamine is given orally at 1,500 mg daily, usually as a single dose, or divided into two
or three doses. Chondroitin is administered orally, usually a total of 800 to 1,200 mg daily, or in
divided doses. At minimum, treatment duration is 1 to 3 months, and may be continued
indefinitely if the patient experiences improvement.

Intra-Articular Injections Hyaluronan Preparations. The first group of products, derived
from sodium hyaluronate, is the most commonly used viscosupplement in RCTs and is followed
by hylan G-F 20 as the next most common class. Additionally, unapproved non-animal stabilized
hyaluronic acid (NASHA) derived from streptococci has been used in two RCTs (Altman,
Akermark, Beaulieu, et al., 2004; Pham, Le Henanff, Ravaud, et al., 2004). One trial (Petrella,
DiSilvestro, Hildebrand, et al., 2002) administered a hyaluronan that is not approved by the U.S.
Food and Drug Administration (FDA). Intra-articular injections performed in RCT protocols
were most often weekly for 3 to 5 weeks, although different schedules also were used.

Arthroscopy. Studies were selected if arthroscopic treatment of OA involved lavage with or
without debridement, and debridement was not specifically required to include procedures
beyond nonabrasion chondroplasty and removal of loose bodies. Thus, studies were excluded if
they focused only on arthroscopic meniscectomy or abrasion chondroplasty, for example.

Types of Outcomes

Primary Outcomes. The primary outcomes of interest are:

e Pain severity or intensity

e Self-reported physical function

e Patient global assessment

e Quality of life.

Secondary Outcomes. Secondary outcomes of interest include:

e Need for or time to total knee replacement or other surgeries.

e (Concomitant analgesic use.

Harms or Adverse Effects. Any adverse events reported, including:

e Hyaluron Preparations. Local: injection site redness, edema, pain, joint swelling, joint
stiffness, worsened osteoarthritis, infection, pseudoseptic reactions. Systemic: severe acute

inflammatory reaction or pseudosepsis, anaphylaxis, arthralgias, rash, urticaria, back pain,
headache.

e Glucosamine and Chondroitin. Alterations in blood glucose, hypersensitivity reactions, and
local gastrointestinal toxicities.
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e Arthroscopy. Infection, prolonged drainage from arthroscopic portals, effusion, hemarthrosis
and deep vein thrombosis.

Pain and Function Measurement Issues

Instruments. Pain and function should be measured by instruments with established validity
and reliability. Although results are frequently reported as mean change in the intervention
compared to control arms, this is not the preferred method of measuring outcomes. More
informative, is a comparison of response, that is the proportion of patients achieving an
improvement that is established representing a minimum clinically important improvement.
(Tubach, Wells, Ravaud, et al., 2005).

Among established instruments, pain severity may be assessed by a visual analog scale
(VAS) or a numeric rating scale (NRS) or from a subscale included in a knee-specific validated
OA instrument. The horizontal 100-mm VAS has a left-hand or 0-mm endpoint labeled “no
pain” and a right-hand or 100-mm endpoint usually labeled with a statement such as “extreme
pain” or “pain as bad as it could possibly be.” While the amount of improvement required may
not be definitively established (Tubach, Ravaud, Baron et al. 2005; Pham, van der Heijde,
Altman, et al. 2004), the best available estimates for OA of the knee are between 20 and 40
percent improvements have been used in hyaluronan and glucosamine/chondroitin trials
(Nuestadt et al. 2005, Altman et al. 2004, Clegg et al). A clinically significant change in VAS
score depends on the baseline pain (Campbell and Patterson, 1998). For example, in knee OA an
absolute 20 mm or 40 percent relative reduction in VAS pain score could be considered a
minimal clinically important improvement (MCII) (Tubach, Wells, Ravaud, et al., 2005) and
define clinically meaningful response. Accordingly, a decrease of 10—-12 mm may be clinically
significant from a baseline of 25 mm, while a reduction of 20-31 mm may be necessary to
achieve a clinically significant reduction for patients with high baseline pain (e.g., VAS 75-100
mm).

Among 2 widely used OA instruments, the Western Ontario and McMaster University
Osteoarthritis Index (WOMAC, McConnell, Kolopack, and Davis, 2001; Bellamy, Buchanan,
Goldsmith, et al., 1988) evaluates 3 dimensions, pain, stiffness, and physical function with 5, 2,
and 17 questions, respectively. WOMAC assesses pain using either the sum of scores from 5
items or the VAS. WOMAC outcomes can be based on the total, or a subset score. A 20- to 40-
percent reduction in the WOMAC pain subscore is a positive response criterion for pain used in
knee OA studies and represents achieving a MCII (Tubach, Wells, Ravaud, et al., 2005).

Another commonly used OA instrument is the Lequesne Index, a validated numerical scale in
which points are assessed for various levels of pain, distance walking, and ability to perform
activities of daily living (Lequesne, Mery, Samson, et al., 1987). It sums scores from 5
adjectival items, producing scores ranging from 1 to 24 points. The severity of handicap related
to the knee can be categorized by point score: mild (14 points); moderate (5—7 points); severe
(8-10 points); very severe (11-13 points); and extremely severe (>14 points) (Bellamy, 1993).
What constitutes a MCII is likely approximately 20 percent (Bellamy, 1993).

Physical function may be appraised through reported difficulty performing specific daily
activities affected by knee OA (Bellamy, Buchanan, Goldsmith, et al., 1988; Lequesne, Mery,
Samson, et al., 1987). Patient global assessment (generally defined as the “patient's assessment
of overall disease activity or improvement”) can be assessed by VAS, NRS, or other specific
instruments (Pham, van der Heijde, Altman, et al. 2004). The MCII for patient global
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assessment on a 100 mm VAS has been suggested to be 18 mm, or a relative improvement of 40
percent.

Both generic measures and disease-specific quality of life (QOL) measures may be relevant
(Salaffi, Carotti, and Grassi, 2005) assessing disease impact. The SF-36 and Arthritis Impact
Measurement Scales (Meenan, 1986) are acceptable scales to assess the impact of osteoarthritis
on QOL.

Pooled Outcome Measures. Meta-analyses may pool outcome measures using the metric of
the original scale, or a metric related to it.

The “weighted mean difference” (WMD) combines (pools) differences between treatment
and control from multiple trials on the scale of the original instrument. It can be reported as
either a difference between treatment and control at some followup time or a difference in
change scores. While intuitive to interpret as a difference or difference in change for some
outcome measure, the WMD has doe not define proportions achieving a MCII or response (Senn
1997, page 226; Tubach, Ravaud, Giraudeau 2005).

“Relative risks” (or the approximately equal odds ratio) can be pooled for dichotomous
outcome measures (€.g., patient global assessment and adverse events). It is a ratio comparing
the outcome probability among treated compared placebo groups. The relative risk clearly
conveys increased risk, but does not directly reflect clinical benefit in terms of response unless a
comparison of meaningful clinical response rates.

“Sums of differences” in outcome measures between treatment and placebo groups (e.g., pain
and function) over the course of a study can also be pooled. The measure is expressed as a
percentage reflecting how much greater relief is provided by treatment compared to placebo.
Although commonly used in pain research, the measure does not have direct clinical meaning
with respect to response.

“Standardized effect sizes” expressed as differences or differences in change, standardized by
their variability (divided by the standard deviation) can also be pooled. Standardized effect sizes
are typically used when scales pooled have different metrics (e.g., a 0- to 100-mm VAS and a
25-point WOMALC scale). The clinical meaning of standardized effect sizes when different
scales are pooled and variability differs across studies is difficult to intuit. While small, medium,
and large referents corresponding to 0.3, 0.5 and 0.8, respectively, were suggested by Cohen
(1988), they pertain to sample size calculations not clinical meaning, and were qualified
substantially.” Others have pointed out problematic aspects of standardized effect sizes
including: incomparability across studies (Rothman and Greenland, 1998) and that studies with
identical results may appear to differ (Greenland, Schlesselman, Criqui, 1986). Most
importantly, one cannot infer individual response Senn (1997)."

* “For each statistical test’s ES [effect size], the author proposes, as a convention, ES values to serve as operational definitions
the qualitative adjectives ‘small,” ‘medium,” and ‘large.” This is an operation fraught with many dangers: The definitions are
arbitrary, such qualitative concepts as “large” are sometimes understood as absolute, sometimes as relative; and thus they run a
risk of being misunderstood...” (Cohen, 1988, page 12.)

T “The probability associated with an effect size calculates the probability of observing such a superiority [of treatment A over
B]. However, to know whether a given patient will be better off treated with A or B, or even to know what proportion of patients
will be better off is quite another matter. No simple comparison of means whether scaled by the standard deviation or not can
answer this question.” (Senn 1997, page 226.)
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Search Strategy and Review

Search Strategy

Electronic Databases. The following databases were searched for citations. The full search
strategy is displayed in Appendix A . The search was not limited to English-language
references; however, foreign-language references without abstracts were disregarded.

e MEDLINE® (through March 29, 2007)

e EMBASE (through March 16, 2006)

e Cochrane Controlled Trials Register (through November 27, 2006).
EMBASE was updated with abbreviated searches through November 27, 2006.

Additional Sources of Evidence. The Technical Expert Panel and individuals and
organizations providing peer review were asked to inform the project team of any studies
relevant to the key questions that were not included in the draft list of selected studies.

We examined the bibliographies of all retrieved articles for citations to any RCT that was
missed in the database searches. In addition, we sought RCTs published in conference
proceedings and abstracts from the American Association of Orthopaedic Surgeons (AAOS),
American College of Rheumatology (ACR) and the Osteoarthritis Research Society International
(OARS]I) over the past 2 years. We also consulted product inserts of U.S.-marketed
viscosupplement products.

Search Screen

Search results were stored in a ProCite” database. Using the study selection criteria for
screening titles and abstracts, a single reviewer marked each citation as either: (1) eligible for
review as full-text articles, (2) ineligible for full-text review, or (3) uncertain. Citations marked
as uncertain were reviewed by a second reviewer and resolved by consensus opinion, with a third
reviewer to be consulted if necessary. Using the final study selection criteria, review of full-text
articles was conducted in the same fashion to determine inclusion in the systematic review. Of
1,842 citations, 451 articles were retrieved and 98 selected for inclusion (Figure 2). Records of
the reason for exclusion for each paper retrieved in full-text, but excluded from the review, were
kept in the ProCite®™ database (see Appendix B”, Excluded Studies).

* Appendixes cited in this report are available electronically at http://www.ahrq.gov/clinic/tp/oakneetp.htm
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Figure 2. QUOROM flow diagram
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Data Extraction and Analysis

Data Elements
The data elements below were abstracted, or recorded as not reported, from intervention

studies. Data elements to be abstracted were defined in consultation with the Technical Expert
Panel.
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Data elements from intervention studies (RCTs and quasi-experimental studies) include:

Critical features of the study design (for example, patient inclusion/exclusion criteria,
number of participants, allocation method (including concealment), use of blinding)

Patient characteristics (age, gender, race/ethnicity, body weight, primary or secondary
disease. disease duration)

Measures of disease severity

Treatment protocols (for example, dose, frequency, duration, extent of arthroscopic surgery,
other prior and concurrent treatments)

Patient monitoring procedures (for example, followup duration and frequency, outcome
assessment methods) and

The specified key outcomes and data analysis methods

Results

Funding source.

Data elements from systematic reviews and meta-analyses include:
Use of a protocol

The study question (patients, interventions/comparisons, outcomes)
Literature search strategy

Study inclusion/exclusion criteria

Data extraction methods

Assessment of study quality

Methods of data synthesis/analysis

Funding source.

Data elements from case series include:

Clinical question

Enrollment of patients (consecutive or otherwise)
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e Whether a single-center or multicenter study

e Patient selection criteria and sample characteristics

¢ Intervention

e Length of followup

e Validated outcome measures and independence or blinding of outcome assessment
e Statistical analyses

e Results.

Evidence Tables

Templates for evidence tables were created in Microsoft Excel® and Microsoft Word”. One
reviewer performed primary data abstraction of all data elements into the evidence tables, and a
second reviewer reviewed articles and evidence tables for accuracy. Disagreements were
resolved by discussion, and if necessary, by consultation with a third reviewer. When small
differences occurred in quantitative estimates of data from published figures, the values obtained
by the two reviewers were averaged.

Assessment of Study Quality

Definition of Ratings Based on Criteria

In consultation with the AHRQ Task Order Officer and Technical Expert Panel, the general
approach to grading evidence developed by the U.S. Preventive Services Task Force (Harris,
Helfand, Woollf, et al. 2001) were applied to primary studies. The quality of the abstracted
studies was assessed by two independent reviewers. Discordant quality assessments were
resolved with input from a third reviewer, if necessary.

Primary RCTs and Quasi-Experimental Studies

The quality of RCTs and quasi-experimental studies were assessed on the basis of the
following criteria:

e Initial assembly of comparable groups: adequate randomization, including concealment and
whether potential confounders (e.g., other concomitant care) were distributed equally among

groups

e Maintenance of comparable groups (includes attrition, crossovers, adherence, contamination)
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Important differential loss to followup or overall high loss to followup
Measurements: equal, reliable, and valid (includes masking of outcome assessment)
Clear definition of interventions

All important outcomes considered

Analysis: adjustment for potential confounders, intention-to-treat analysis.

Definition of Ratings Based on Above Criteria. The rating of intervention studies

encompasses the three quality categories described here:

Good: Meets all criteria: Comparable groups are assembled initially and maintained
throughout the study (followup at least 80 percent); reliable and valid measurement
instruments are used and applied equally to the groups; interventions are spelled out clearly;
all important outcomes are considered; and appropriate attention is given to confounders in
analysis. In addition, for RCTs, intention-to-treat analysis is used.

Fair: Studies were graded “fair” if any or all of the following problems occur, without the
fatal flaws noted in the “poor” category below: In general, comparable groups are assembled
initially but some question remains whether some (although not major) differences occurred
with followup; measurement instruments are acceptable (although not the best) and generally
applied equally; some but not all important outcomes are considered; and some but not all
potential confounders are accounted for. Intention-to-treat analysis is done for RCTs.

Poor: Studies were graded “poor” if any of the following fatal flaws exists: Groups
assembled initially are not close to being comparable or maintained throughout the study;
unreliable or invalid measurement instruments are used or not applied at all equally among
groups (including not masking outcome assessment); and key confounders are given little or
no attention. For RCTs, intention-to-treat analysis is lacking.

Systematic Reviews and Meta-Analyses

Assessment of the quality of systematic reviews and meta-analyses were guided by a quality

rating method reported by Oxman and Guyatt (1991; Overview Quality Assessment
Questionnaire). Oxman and Guyatt tool results in a quality score, based on the answers to ten
questions that provide information on the content of a review in terms of how it was conducted,
as follows:

" Our original protocol included analysis of the quality of meta-analysis reporting according to the QUOROM (Moher, Cook,
Eastwood, et al., 1999). However, we have not included this analysis because QUOROM was not generally available or in
widespread use when the earlier meta-analyses were published.
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1. Were the search methods used to find evidence on the primary question(s) stated?

2. Was the search for evidence reasonably comprehensive?

3. Were the criteria used for deciding which studies to include in the overview reported?

4. Was bias in the selection of studies avoided?

5. Were the criteria used for assessing the validity of the included studies reported?

6. Was the validity of all the studies referred to in the text assessed using appropriate criteria?

7. Were the methods used to combine the findings of the relevant (to reach a conclusion)
reported?

8. Were the findings of the relevant studies combined appropriately relative to the primary
question of the overview?

9. Were the conclusions made by the author(s) supported by the data and/or analysis reported in
the overview?

10. What was the overall scientific quality of the overview? Use the following scoring scale:

Figure 3. Oxman and Guyatt Rating

Flaws

Extensive | | Minor |

Major Minimal

1 2 | 3 | 4 5 6 | 7

The following guidelines are used to apply the Oxman and Guyatt rating:
Question 1:  Literal interpretation.

Question 2:  For a search to be considered comprehensive the methods used to perform the
search should include searching for unpublished material as well as multiple
medical databases (at least EMBASE and MEDLINE®). If only published
material was searched for, the search should be marked “partially.” A look
through bibliographies, conference proceedings, or trial registries is deemed
adequate as a search for unpublished literature. The search must not be limited to
the English language.

* Our original protocol included analysis of the quality of meta-analysis reporting according to the QUOROM (Moher, Cook,
Eastwood, et al., 1999). However, we have not included this analysis because QUOROM was not generally available or in
widespread use when the earlier meta-analyses were published.
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Question 3:

Question 4:

Question 5:
Question 6:

Question 7:

Question 8&:

Question 9:

Question 10:

Should specify defining population, intervention, principal outcomes, and study
design to be “yes;” if only 2 or 3 of these are noted, it should be scored “partially
here.

2

Must be “yes” on 2 and 3 and dual review to be “yes” here; if “no” on 2 or 3 must
be “no” here; if “partially” or “can’t tell” on 2 and 3 then must be the same here.

Must use some cited validity tool for “yes” here.
Scales used must be appropriately applied to study type for “yes” here.

An appropriate pooling method and test for heterogeneity must be described for
“yes” here; were “partially” if a pooling method but no heterogeneity testing
method is specified.

If no attempt has been made to combine findings, and no statement is made
regarding the inappropriateness of combining findings, check “no.” If a summary
(general) estimate is given anywhere in the abstract, the discussion, or the
summary section of the paper, and it is not reported how that estimate was
derived, mark “no,” even if there is a statement regarding the limitations of
combining the findings of the studies reviewed. If in doubt, mark “can’t tell.” To
determine whether it is appropriate to use random or fixed effects model, the
study should address the question of how much heterogeneity would be
considered (addressing clinical and statistical aspects of heterogeneity).

If 8 is “no,” 9 must be “no.” If 8 is “can’t tell,” 9 must be “can’t tell.” For an
overview to be scored as “yes” on Question 9, data (not just citations) must be
reported that support the main conclusions regarding the primary question(s) that
the overview addresses.

The overall scientific quality should be based on the answers to the first 9
questions. The following guidelines can be used to assist with deriving a
summary score: if the “can’t tell” option is used one or more times on the
preceding questions, a review is likely to have minor flaws at best, and it is
difficult to rule out major flows (i.e., a score <4). If the “no” option is used on
Questions 2, 4, 6, or 8, the review is likely to have major flaws (i.e., a score of <3,
depending on the number and degree of the flaws).

It should be noted that a new quality assessment tool for systematic reviews and meta-
analyses was recently developed (Shea, Grimshaw, Wells, et al., 2007). It was based, in part, on
the work of Oxman and Guyatt, but differs in significant ways. In particular, the Oxman and
Guyatt tool does not adequately address whether quality concerns of the underlying literature
were incorporated into conclusions. The tool by Shea, Grimshaw, Wells, et al. (2007) more
clearly assesses whether conclusions took appropriate account of the quality of included studies
and the potential for publication bias. The recently developed tool was unavailable during the
time when ratings of meta-analyses were performed for this evidence report.
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Case Series

The quality of included case series was assessed based on a set of study characteristics
proposed by Carey and Boden (2003, Table 2), as follows:

e C(learly defined question

e Well-described study population

e Well-described intervention

e Use of validated outcome measures

e Appropriate statistical analyses

e Well-described results

e Discussion and conclusion supported by data

¢ Funding source acknowledged.
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Table 2. Carey and Boden case series quality assessment tool

Discussion/ Funding/
Well-Described Use of Validated Appropriate Conclusions Sponsorship
Clearly Defined Study Well-Described Qutcome Statistical Well-Described Supported by Source
Question Population Intervention Measures Analysis Results Data Acknowledged

Question should | Case definition Sufficiently clear | Reference to Statistical tests and | Utilize only Conclusion Funding source
be appropriate (diagnostic that another previous power calculations | validated should be should be
to study design; | criteria); type of center could validation; aimed at outcome supported by the | disclosed in

criteria (clinical, replicate study; improvement over measures; data in the article | addition to

should not be
stated in terms
of effectiveness;

best when
focused;

radiographic);
whether criteria
used before
(reference);
explicit inclusion/
exclusion criteria;

includes standard
information (age;
sex;
socioeconomic
status; stage and
duration of
disease;
comorbidities; n;
time to accrual;
exclusions and
reasons; loss to
followup; refusal)

if not identified
in detail, should
provide
references;

cointerventions
should be
described in
reasonable
detail

ideally individual
assessing
patient’s
outcome should
be masked to
specific
intervention;
alternatively,
assessor who is
not in direct
employ of clinical
office;

standardized
length and
intervals of
observation and
of sufficient
duration to be
clinically
meaningful;
justification for
the duration of
followup

time; prepost
analysis should
take into account
paired nature of
data;

comparisons with
historical controls
should take into

account differences

in cointerventions
between time
periods;

attention to
nonspecific effects
and inability to
distinguish
procedure’s effect
from spontaneous
improvement;

avoids over-
reliance on those
variables showing
improvement;

analysis should
address multiple
comparisons

description of
adequacy of
followup (number
lost to followup,
number who
switch to another
provider or
pursue other
treatments,
number who die
from other
causes);

[adaptation:
inclusion of both
potentially
beneficial
outcomes
(symptom/
function/ quality
of life) and
adverse events]

where other
information is
used to buttress
conclusions,
should be
explicitly stated
and referenced;

limitations should
be made explicit;

description of
specific next
research steps
(e.g., need for
RCT, details of
RCT)
[adaptation: this
element
disregarded]

consulting or
board
relationship with
manufacturer

OA criteria noted; minimum set of characteristics: age, sex, disease duration and preop severity described.







Chapter 3. Results and Conclusions

Part I: Intra-Articular Hyaluronan Effectiveness and Harms

Literature Overview

Five study-level meta-analyses comparing intra-articular hyaluronans with placebo (e.g.,
arthrocentesis and saline injection) for osteoarthritis (OA) of the knee have been published. One
patient-level meta-analysis of a single product was also identified.” The quality of the meta-
analyses was appraised with a validated tool (Oxman and Guyatt, 1991; Oxman, Guyatt, Singer,
et al., 1991)—the Overview Quality Assessment Questionnaire.

These meta-analyses included outcome measures from 41 relevant randomized, controlled
trials (RCTs). One additional placebo-controlled trial (Rolf, Engstrom, Ohrvik, et al., 2005)
identified by our literature search” was not included in any meta-analysis (42 trials, therefore,
included in this review). RCTs pooled by the meta-analyses overlap considerably; their
quantitative results and limitations also overlapped. Owing to the broad scope of the meta-
analyses, they were judged to effectively capture existing evidence and formed the primary basis
for evaluating hyaluronans’ effectiveness. Important details relevant to the evidence, or
inconsistently reported in the meta-analyses, were abstracted from the primary literature (e.g.,
sample size and power calculations, use of intention-to-treat or per protocol analyses, industry
involvement, quality appraised according to our protocol).

Results, Part I: Key Questions 1 and 2

Outline. Because this chapter reports results from different perspectives, its organizational
structure is outlined to guide the reader:

e Study populations included in RCTs comprising the meta-analyses described

e Application of the Overview Quality Assessment Questionnaire to the five study-level meta-
analyses

e Relevant detailed results from the meta-analyses
e Trials not pooled or included in the meta-analyses

e Adverse events

" The patient-level meta-analysis combines individual patient data while the study-level meta-analyses combine results from
individual trials.

T A recent trial, Petrella and Petrella (2006) comparing two hyaluronan dosing regimens, was excluded because there was no
comparison group only given placebo.
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e Supplementary analyses performed by the Evidence-based Practice Center
— Sensitivity analyses
— Publication bias
— Hylan G-F 20

¢ Summary and appraisal.

Study Populations. Characteristics of participants included in the 42 RCTs varied
(Appendix C", Tables 1A, IB). Mean ages ranged from 45 to 72 years. Females represented
between 28 and 100 percent of participants. In 24 RCTs, 60 percent or more were female. Only
two RCTs (Dahlberg, Lohmander, Ryd, et al., 1994; Rolf, Engstrom, Ohrvik, et al., 2005)
specified including individuals with secondary OA of the knee (both due to trauma). Fifteen
RCTs stated that only individuals with primary OA of the knee were included, while in 25 either
no distinction was reported or information was unavailable (e.g., unpublished studies and
abstracts). No trial reported including individuals with OA of the knee secondary to systemic or
congenital conditions.

Radiological disease grade of knees studied varied. The most common classification applied
was Kellgren and Lawrence (1957) (in 18 RCTs). Schemes developed by Altman, Asch, Bloch,
et al. (1986), Larsen, Dale, and Eek (1977), and Ahlback (1968) were also used. Table 3
displays the range of radiographic grades included (not unspecified in 18 RCTs or 45 percent).

Table 3. Radiographic classification and grade in included viscosupplement RCTs
Classification and Grade RCTs

Kellgren-Lawrence 0-4 1
Kellgren-Lawrence 1-2
Kellgren-Lawrence 1-3
Kellgren-Lawrence 1-4
Kellgren-Lawrence 2—3
Kellgren-Lawrence 2—4
Ahlback 0-3
Ahlback 1-2
Altman 1-3
Larsen 1-4
Larsen 24

RiRrRr(NRPINO W[k~

[N
(o]

Unreported or Unavailable

Total

N
S

Mean baseline pain measured by visual analog scale (VAS) with movement was reported 19
RCTs ranging from 44 to 79 mm in hyaluronan study arms and 42 to 80 mm among placebo
study arms. The variability of the baseline pain measurements in trials spanned standard
deviations from 5.5 to 31. When reported, mean disease duration varied from 1.2 to 22 years.

Patient samples included in RCTs were therefore heterogeneous with respect to age, sex,
knee radiographic grade, and baseline pain, reflecting varied patient selection among RCTs.

Randomized Controlled Trials. The conduct and quality of the 42 RCTs varied in a
number of aspects including (see also Appendix C”, Tables IB—IF):

: Appendixes cited in this report are available electronically at http://www.ahrq.gov/clinic/tp/oakneetp.htm
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e Quality ratings according to our protocol for 37 evaluable RCTs were “good” for nine, “fair”
for 16, and 12 rated “poor” (five were not evaluable).

e Sample sizes ranged from 12 to 408 with a mean of 141 and median 102.

e Power calculations were reported in 19 RCTs. Mean sample size in these RCTs was 204
compared to 60 for the 16 RCTs without those calculations in published manuscripts.

e Trial duration ranged from 4 to 52 weeks with a mean of 23 and median 20 weeks; 11 were
fewer than 10 weeks in duration.

e Intention-to-treat results were the primary analytical results reported in 17 RCTs (40
percent); 16 (38 percent) reported per protocol analyses; the analytical approach was either
unclear or not reported in 9 (21 percent)—e.g., some unpublished studies.

e Losses to follow-up or drop-outs ranged from 0 to 50 percent with nine RCTs reporting 20
percent or greater loss to follow-up.

e Blinding was reportedly double in 35 RCTs.

e Reported industry involvement included funding of 23 RCTs, providing statistical analyses
for eight, and in eight, an industry member was a co-author.

The RCTs in this review consist of 41 trials included in the meta-analyses and one RCT
(Rolf, Engstrom, Ohrvik, et al., 2005) identified in our literature search. Of the RCTs included
in meta-analyses, 33 have been published as articles, five as abstracts (Russell, Michalek,
Lawrence, et al., 1992; Moreland, Arnold, Saway, et al., 1993; Cohen, Shiroky, Ballachey, et al.,
1994; Guler, Kuran, Parlar, et al., 1996; Tsai, Chang, Chen, et al., 2003), and three were
unpublished (Table 4). In addition, an unpublished and unreported trial was identified in the
Orthovisc® package insert as OAK 9801." Trials not published in full text comprise
approximately 25 percent of the total patient population.

In summary, there is variability in trial characteristics including study quality, sample size
and power calculations, duration, use of intention-to-treat analysis, losses to follow-up, funding,
and industry involvement. The known extent of unpublished data includes a large number of
individuals. Results from at least one trial (OAK 9801) appear unreported in any form.

“hitp://www.orthovisc.com/content/xhtml_backgrounders/orthovisc.us_tld/orthovisc.us_eng/Orthovisc Package Insert.pdf (last
accessed 10/29/06). “The effectiveness of ORTHOVISC® for the treatment of osteoarthritis of the knee was evaluated in three
main studies; two randomized, controlled, double-blind multicenter studies (OAK9501 and OAK2001) that involved unilateral
treatment, and one study (OAK9801) that involved bilateral treatment. Because bilateral treatment confounded the assessment of
effectiveness of the OAK9801 study, the effectiveness data are summarized for the OAK9501 and OAK2001 studies. Safety data
for all three studies are reported...”
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Table 4. Number of participants randomized and reported in abstracts, unpublished and published RCTs of
hyaluronan-based products

Trial Sample Size* Result (+/-)
Russel et al., 1992 210 —
Moreland et al., 1993 94 —
Abstract only Cohen et al., 1994 39 ?*
Guler et al., 1996 30 +
Tsai et al., 2003" 200 +
Subtotal (% of Total) 573 (9.8)
France, 1995 254 =
U.K., 1996 231 .
Unpublished | Hizmetli et al., 1999 50 +
OAK 9801 382 28
Subtotal (% of Total) 917 (15.7)
Published All Participants (% of Total) 4,353 (74.5)
Total 5,843 (100)

* Sample size reported here are patients (not knees) randomized.
" Bellamy, Campbell, Robinson, et al. (2006) refer to as Lin 2004, “in-house publication”

¥ As reported in Lo, LaValley, McAlindon, et al. (2003) 95% CI included unity; Wang, Chen, Huang, et al. (2004) suggested
benefit; abstract notes no statistically significant difference at any time points for pain, WOMAC, or global assessment.

§ Results presumably negative given language in package insert (see footnote). Not mentioned by Bellamy, Campbell,
Robinson, et al. (2006) who obtained a number of results from manufacturers.

Overview of the Meta-Analyses. The six meta-analyses were published between 2003 and
2006—five study- and one patient-level (Strand, Conaghan, Lohmander, et al., 2006). Each
pooled different outcomes measures relevant to Key Questions 1 and 2 as outlined in Table 5.

Table 5. Outcome measures pooled in viscosupplementation meta-analyses relevant to Key Questions 1 & 2

Lo Wang Arrich Modawal Bellamy Strand
etal, etal., etal, etal, etal., etal,
2003 2004 2005 2005 2006 2006
Pain X X X X X
Physical Function X X X
Patient Global Assessment X
WOMAC (Composite) X
Lequesne Index (Composite) X X

There was considerable overlap of RCTs included in the meta-analyses (Table 6). Some
differences can be attributed to publication chronology. Of the study-level meta-analyses
Modawal, Ferrer, Choi, et al. (2005) pooled results from the fewest RCTs while Bellamy,
Campbell, Robinson, et al. (2006) the most. Strand, Conaghan, Lohmander, et al. (2006) being a
patient-level meta-analysis of a single product pooled results from five RCTs.

Quality Assessment of the Study-Level Meta-Analyses. Methodologic quality is an important
consideration in synthesizing evidence pooled by the meta-analyses. As outlined in the Methods
chapter, the Overview Quality Assessment Questionnaire (Oxman and Guyatt, 1991; Oxman,
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Table 6. Viscosupplementation RCTs addressing Key Questions

Lo etal.,

Wang et al.,
2004

Arrich et
al., 2005

Modawal et
al., 2005

Bellamy et
al., 2006

Strand et
al., 2006

Trial 2003

Shichikawa et al. 1983a

Shichikawa et al. 1983b

Bragantini et al. 1987

Grecomoro et al. 1987

Dixon et al. 1988 *

Russell et al. 1992

Dougados et al. 1993

Moreland et al, 1993

Puhl et al. 1993

Cohen et al. 1994

Creamer et al. 1994

Dahlberg et al. 1994

Henderson et al. 1994

Scale et al. 1994 *k

Carrabba et al. 1995

Corrado et al. 1995

Formiguera & Esteve *

France 1995

Guler et al. 1996

Lohmander et al. 1996 **

U.K. 1996

Wu et al. 1997 *

Altman & Moskowitz 1998

Dickson & Hosie 1998t T

Wobig et al. 1998 *

Hizmetli et al. 1999

Huskisson & Donnelly

Brandt et al. 2001 *k

Bunyaratavej et al. 2001 Kk

Dickson et al. 2001t T

Tamir et al. 2001 *

Karlsson et al. 2002

Petrella et al. 2002

Jubb et al. 2003

Pham et al. 2003t b

Tsai et al. 2003

Altman et al. 2004 Kk

Cubukcu et al. 2004

Day et al. 2004

Pham et al. 2004t ¥

Neustadt et. al. 2005 ok

Sezgin et al. 2005

Rolf et al. 2005

Kotevoglu et al. 2006

(42 trials; 41 included

in meta-analyses) 22 20 17 9 32 5

Shaded boxes indicate included in a meta-analysis, bolded RCTs are unpublished, italicized RCTs are abstracts not
subsequently published; T or F represent abstract and subsequent publications; although listed twice for to reflect what
was included in meta-analysis, they are the same studies and therefore included only once in the total.

* Included for adverse events, but not in any pooled efficacy result.

** |dentified in search, but data "could not be used" for any outcome other than adverse events.

*** Included in systematic review, but data not used in a pooled by-class result.
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Guyatt, Singer, et al., 1991) was used to appraise meta-analysis quality.” Descriptions of the
ratings provide insight into their basis and potential implications. Although summaries are
presented, they should not be interpreted reflecting the potential validity of conclusions from any
meta-analysis. Rather, the quality ratings are but one element of the overall evidence evaluation
and synthesis.

Application of the Overview Quality Assessment Questionnaire found one meta-analysis to
have minimal flaws, one minor, and three major flaws (Table 7). The primary flaws identified
included not searching EMBASE and language restrictions. Only one meta-analysis (Bellamy,
Campbell, Robinson, et al., 2006) included any RCTs (n=2) published in a non English language.
However, the two studies (Shichikawa, Igarashi, Sugawara, et al., 1983 Shichikawa, Maeda, and
Ogawa, 1983) were both 5 weeks in duration and assessed pain using a 4-point scale (no
symptom, mild, moderate, severe). Therefore, while language limitation affected numerical
ratings, implications for results of any meta-analysis results are minimal. Conclusions were
judged supported by the data in one meta-analysis, partially in three, and unsupported in one
(summarized in Appendix C', Table 1J).

In summary, based on the methodologic appraisal and quality, these meta-analyses form a
substantive body of evidence and basis from which to evaluate the efficacy of hyaluronans for
OA of the knee.

Characteristics of the Study-Level Meta-Analyses. Comparative characteristics of the study-
level meta-analyses are detailed in Table 8. Study inclusion criteria differed among them as did
pain and function effect measures combined. Bellamy, Campbell, Robinson, et al. (2006)I and
Arrich, Piribauer, Mad, et al. (2005) pooled the mean difference at follow-up (weighted mean
difference); assuming equal baseline pain measurements this measure reflects difference in
change. Modawal, Ferrer, Choi, et al. (2005) pooled the calculated difference in change directly
(reporting a weighted mean difference). Lo, LaValley, McAlindon, et al. (2003) pooled the
difference in change standardized by standard deviation. Wang, Chen, Huang, et al. (2004)
pooled effects as a percentage reduction compared to placebo.

The treatment of time relative to the potential longitudinal nature of effects also differed
among the study-level meta-analyses. Lo, LaValley, McAlindon, et al. (2003) examined effect at
the time of likely maximum benefit (2 to 3 months post-injection) (Kirwan, 2001); Wang, Chen,
Huang, et al. (2004) possible benefit over entire studies (discussed in detail later); Arrich,
Piribauer, Mad, et al. (2005), Modawal, Ferrer, Choi, et al. (2005), and Bellamy, Campbell,
Robinson, et al., (2006) pooled effects for various periods following administration. Pooling of
functional differences, when reported, differed similarly.

Model selection was dictated by the degree of heterogeneity—random-effects models were
generally used. Meta-regressions were performed in three meta-analyses (Wang, Chen, Huang,
et al., 2004; Arrich, Piribauer, Mad, et al., 2005; Modawal, Ferrer, Choi, et al., 2005) exploring a
variety of factors with study quality examined in each. Two of the five study-level meta-
analyses reported funnel plot asymmetry (Lo, LaValley, McAlindon, et al., 2003; Modawal,
Ferrer, Choi, et al., 2005), two did not (Wang, Chen, Huang, et al.; 2004; Arrich, Piribauer, Mad,

: Strand, Conaghan, Lohmander, et al. (2006) was not rated because the questionnaire is not validated for patient-level meta-
analyses.

l Appendixes cited in this report are available electronically at http://www.ahrq.gov/clinic/tp/oakneetp.htm

t Bellamy, Campbell, Robinson, et al. (2006) also pooled outcome measures in other manners, but for pain primarily as a post-
test weighted mean difference.
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Table 7. Overview quality assessment questionnaire ratings of viscosupplementation meta-analyses

Item Rating Lo et al., 2003 Wang et al., 2004 Arrich et al., 2005 Modawal et al., 2005 | Bellamy et al., 2006
1. Were the search methods used
to find evidence (original research) @ Clearly stated @ Clearly stated @ Clearly stated @ Clearly stated @ Clearly stated
on the primary question(s) stated?
O Did not include @ Searched 4 O Restricted to @® Comprehensive,
2 Was the search for evidence EMBASE. but did O English language electronic databases; | English, did not no language
réasonabl comprehensive? search Cc,)chrane only; did search Cochrane Registry; include EMBASE, but | restrictions; included
y P ’ Reqistr Cochrane Registry limited to English and | did search Cochrane | multiple databases;
gistry German Registry hand searching
® Defining ® Defining
3. Were the criteria used for w Defining populations, population,
deciding which studies to include in ® Clearly stated @ Clearly stated populations not intervention, principal | intervention, principal
the overview reported? explicitly defined outcomes, and trial outcomes, and trial
design specified design specified
w Because partial
L . ® Ves O Due to lack of O Language and lack . .
‘slt.u\g/izz I;lvaosiér;g;e selection of - Partially EMBASE search--i.e. | of unpublished giltrli?:ggﬁ?ﬁg test for rcésltzr?c%i“osr? language @ Clearly stated
’ 't tell no on Q2 literature—no on Q2. RS
C(’)f cantte publication bias
- No

5. Were the criteria used for
assessing the validity of the
included studies reported?

6. Was the validity of all studies
referred to in the text assessed
using appropriate criteria (either in
selecting studies for inclusion or in
analyzing the studies that are
cited)?

7. Were the methods used to
combine the findings of the
relevant studies (used to reach a
conclusion) reported?

@ Applied stated
criteria although
minimal

@® Used 28-point
validated check list

® Employed stated
criteria: reporting
treatment allocation;
blinding; intention-to-
treat analysis

® Chalmers

@® Jadad

@ Each trial rated

@ Each trial rated

@® Each trial rated

@ Each trial rated

@ Each trial rated

@ Random-effects
models

@® Random-effects
models when
heterogeneity present

@® Randome-effects
models

@ Random-effects
models

@ When combined
used fixed- and
random-effects
models
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Table 7. Overview quality assessment questionnaire ratings of viscosupplementation meta-analyses (continued)

ltem Rating Lo et al., 2003 Wang et al., 2004 Arrich et al., 2005 Modawal et al., 2005 | Bellamy et al., 2006
8. Were the fl_ndlngs of the_ relevant @® Random effects @® Random effects @® Random effects ® Random effects @® Random effects
studies combined appropriately . ) X ) h
. . . models accounting models accounting models accounting models accounting models accounting
relative to the primary question the PRV . . . . .
. es for heterogeneity for heterogeneity for heterogeneity for heterogeneity for heterogeneity
overview addresses? .
- Partially Did not define a
9. Were the conclusions made by or can't tell - - . ® Generally cogent . w» No assessment of
clinical meaning for . . O Due to no on Q2; N o
the author(s) supported by the data | O- No . synthesis of results; . publication bias;
- . w Due to Q2 SPID (sum of pain incorrect Egger test o
and/or analysis reported in the ; S well conducted meta- | . - primarily reported
. intensity difference) . interpretation L "
overview? i . analysis individual trial results.
etc; English only
10. How would you rate the “Flaws”:
scientific quality of the overview? 1 extensive
2 3 3 5 3 6
3 major
4
5 minor Due to Q2 Due to Q2 Due to Q3 and Q4 Due to Q2, Q9 Due to Q9
6
7 minimal
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Table 8. Characteristics of study-level viscosupplementation meta-analyses

Lo et al., 2003 Wang et al., 2004

Arrich et al., 2005

Modawal et al., 2005

Bellamy et al., 2006

General inclusion criteria

Single- or double-blind
IA placebo-controlled
RCTs, at least 3
injections, <50%
dropout, >2 months f/u

Single or double blind
placebo controlled
RCTs

Single or double blind
placebo controlled
RCTs

Double blind placebo
controlled RCTs

Single or double blind
placebo (also other
comparator controlled
RCTs not considered
here)

Pain and function
outcome(s) compared to
placebo

Pain: Global knee or
walking or WOMAC pain
or Lequesne or during

Pain with and without
activities
Joint function

Pain at rest
Pain during or after
exercise

Knee pain (VAS) during
activity or rest

VAS pain rest, weight
bearing; WOMAC pain,
function Patient global

. " ) . assessment
non-walking activities Joint function
Lequesne Indext
Pain effect measure SMD Pain Sum of Pain Intensity WMD Pain WMD Pain WMD Pain
Change Differences Difference at Follow-up Change Difference at Follow-up

Other pooled effect
measures

Sum of Functional
Intensity Differences

SMD Joint Function

Difference at follow-up
in WMD, SMD; RR
Multiple outcomes

Time

"8 to 12 weeks" All time points/area

under the curve

2-6, 10-14, 22-30
weeks

1,5-7,8-12,15-22
weeks

1-4, 5-13, 14-26,
45-52 weeks

Model selection

random effects random & fixed effects

random effects

random effects

random & fixed effects

Trial quality assessment

Comment on trial quality

Intention-to-treat
analysis/dropout rate

28-point checklist
(Downs and Black 1998)

7/22 intention-to-treat
data available

Mean score 17 (9-25)
Mean dropout 12.4%

(maximum possible 28)

Allocation concealment;
intention-to-treat
analysis; Binding

Trial quality considered
“unsatisfactory”

Chalmers

Mean .70/1 (.44-.80)

Jadad

Mean 3.8/5 (2-5)

Heterogeneity

Test used

Result(s)

(0-40.3)
. Cochran's Q
Cochran's Q (only non-cross linked)
Multiple values reported,
p<.001 all significant except for

ASFID%

Cochrgn's Q
|

Pain at rest 12 94%
Pain after or during
exercise I° 81%

Joint function 12 66%

Cochran's Q
Galbraith Plot

Heterogeneity
evident in plot;
Q (p<.001) at time
points examined

2
|

I varied according to
outcome; for pain and
function generally
70-80%
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Table 8. Characteristics of study-level viscosupplementation meta-analyses (continued)

Lo et al., 2003 Wang et al., 2004 Arrich et al., 2005

Modawal et al., 2005

Bellamy et al., 2006

Meta-regression

Only for non-cross-

Imk_ed:_quallty, Blinded outcome
publication year,

Factors explored — . assessment
molecular weight, mean . .
intention-to-treat

age, trial duration,

Allocation concealment

Pain type,

medication (HA vs.
hyaluronan G-F20),
trial quality, week

. analysis
sample size

Sensitivity analysis Yes Yes Yes Yes No

Funnel Plot Regression methods
Funnel plot/bias (asymmetric) Funnel quts Egger Test; "could not Egg_er Test Not Performed

Egger Test (symmetric) d ; (p=.096)

_ etect
_ (p=.07)

Included studies 22 RCTs 20 RCTs 22 RCTs 9 RCTs 32/76 RCTs§
Industry sponsored 77% 65% not reported 73% 30%8§

17 A measure of overall variability ranging from 0% to 100%
T Bellamy examined other outcomes not a part of this report's protocol
§ Based on notes reported for RCTs

ASFID: adjusted sum of function index differences; f/u: followup; HA: hyaluronic acid; 1A: intra-articular; RR: relative risk; SMD: standardized mean difference (standardized effect size);

VAS: visual analog scale; WMD: weighted mean difference; WOMAC: Western Ontario and McMaster Osteoarthritis Index



et al., 2005), and Bellamy, Campbell, Robinson, et al. (2006) did not report those results (funnel
plot asymmetry is later examined in supplementary analyses).

Summary. The approaches and characteristics of the five study-level meta-analyses provide
different perspectives of the evidence. Supplementing results by relevant elements of included
RCTs, the meta-analyses permit broad synthesis of the evidence.

Individual Meta-Analyses. Lo, LaValley, McAlindon, et al., 2003. Only pain outcome
measures were pooled in this meta-analysis. MEDLINE® and Cochrane Controlled Trials
Registry were searched from 1966 through February 2003, supplemented by hand searches of
trial bibliographies and abstracts relevant scientific meetings. Randomized single- or double-
blinded, placebo-controlled trials published in English and non-English languages were eligible
for inclusion. RCTs were included if at least 3 intra-articular hyaluronan injections were
administered, an intra-articular placebo was used, drop-out rate was less than 50 percent, and
pain was reported using at least one of following instruments (in order of decreasing
precedence):

1. Global knee pain score (VAS or Likert scale)

2. Knee pain on walking (VAS or Likert scale)

3. WOMAC Index

4. Lequesne Index

5. Knee pain during activities other than walking (VAS or Likert scale).

From 57 RCTs identified results from 22 were pooled. Because different outcome measures
were combined, standardized mean differences in change” were pooled—the mean difference in
pain change from baseline between treated and placebo groups divided by the pooled standard
deviation. If pain was reported between 2 and 3 months following initial treatment that measure
was included. Otherwise, pain measures were obtained from assessments occurring between 1 to
2 and 3 to 4 months.

Trial quality was characterized by reporting of an intention-to-treat analysis and drop-out
rates. An intention-to-treat analysis was defined as “(1) it was characterized by its investigators
as such and there was an attempt to analyze data from all randomized participants, or (2) there
was no dropout (even if the analysis was not specifically described as intent-to-treat).” When
intention-to-treat data were not published the authors attempted to obtain it.

The overall pooled standardized mean difference in change (Table 9) was -0.32 and
accompanied by significant heterogeneity.

Table 9. Overall result for pain from Lo, LaValley, McAlindon, et al. (2003)

Time Week "8-12"
Standardized Mean Difference (Change) -0.32
95% CI -0.47 t0 -0.17
Heterogeneity (Cochran Q) p<.001
Trials Included 22

CI: confidence interval

* A standardized effect size for difference in change from baseline.
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When the three RCTs of hylan G-F 20 were excluded, the pooled standardized mean
difference diminished to -0.19 (95 percent confidence interval (CI): -0.27 to -0.10) with no
evidence of heterogeneity (Cochran Q p=.58). The authors judged two of these three RCTs
outliers (Scale, Wobig, and Wolpert, 1994; Wobig, Dickhut, Maier, et al., 1998). With the
possible exception of hylan G-F 20, there was no indication of an association between product
molecular weight and effect magnitude.

The pooled effect estimate from unpublished RCTs (-0.07; 95 percent CI: -0.28 to 0.15) and
significant the Egger Test (p=.07) were interpreted as supporting publication bias. Nine of the
RCTs were judged to have attempted an intention-to-treat analysis and three other analyses
viewed as intention-to-treat owing to complete follow-up. Dropout rates in the pooled studies
ranged from 0 to 40.3 percent.

Wang, Chen, Huang, et al., 2004. Pain (with or without activities) and functional outcome
measures reported by VAS, WOMAC scores, Lequesne Index, or MODEMS (Musculoskeletal
Outcomes Data Evaluation and Management Scale), and adverse events were pooled.
MEDLINE®, EMBASE, Cochrane Controlled Trials Registry, and EMBASE were searched
from 1966 to December 2001 for randomized single- or double-blinded, placebo-controlled
trials. Hand searching was performed of relevant publications and bibliographies reviewed.
Unpublished literature was not searched. Only English-language RCTs were considered.
Reported outcome measures for pain or function were required. From 665 identified articles,
results from 20 were pooled. Trial quality was appraised using a 28-point checklist developed by
Downs and Black (1998).

A single outcome estimated over each trial’s duration was pooled. The measure was
intended to assess efficacy with respect to pain and functional outcomes—*“efficacy scores.” The
scores were obtained for pain and functional scales by:

1. Calculating the average difference between each consecutive time point

2. Dividing the average difference by the time between the those time points

3. Repeating the calculation for all consecutive time points and summing results.

The method estimates the area under the “pain intensity difference-versus-time curve.” Finally,
the estimate is divided by the maximum scale of pain intensity multiplied by the trial duration
and expressed as percentage—the SPID% or SFID% (sum of pain or functional intensity

differences as a percentage). Two related estimates were also calculated and pooled as:

1. Averages: ASPID% and AFID% (sum of pain or functional intensity differences divided by
the baseline intensity multiplied by trial duration)

2. Peak differences: Peak PID% and Peak FID% (maximum pain or functional intensity
differences divided the maximum of the scale).

Table 10 displays pooled results for activity pain and function. Functional measures were
pooled separately for hylan G-F 20 and other hyaluronans.
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Table 10. Overall results for pain with activity and function for non-G-F 20 hyaluronans (non-cross-linked)
from Wang, Chen, Huang, et al. (2004)

Pain with Activities Function (Non-Cross-Linked)
Pooled Measure* SPID% ASPID% Peak PID% SFID% ASFID% Peak FID%
Estimate 7.9% 13.4% 9.9% 5.3% 11.7% 8.2%
95% Cl | 41toll7 5.51t021.3 4.8 t0 15.0 2.1t085 6.3t0 16.2 3.81t012.6
Heterogeneityt |  84% () 83% (I°) 91% () p=-33 (Q p=-23 Q) p<.001 (Q)
Trials included 17 15 16 NR NR NR

* See text for definitions of Pooled Measures

1 Q reported only for functional measures. I calculated from data presented when possible.

(A)SFID: (adjusted) sum of function index differences; (A)SPID: (adjusted) sum of pain index differences; Cl: confidence interval;
FID; function index differences; PID: pain index differences;

Pooled estimates were higher for the 3 RCTs of hylan G-F 20 (Dickson and Hosie, 1998
[later published as Dickson, Hosie, and English, 2001]; Scale, Wobig, and Wolpert, 1994;
Wobig, Dickhut, Maier, et al., 1998): SPID%, 23.6 percent; ASPID%, 34.8 percent; peak PID%,
27.1 percent; SFID% 21.9 percent; ASFID%, 38.3 percent; PEAK FID%, 26.8 percent (no
confidence intervals accompanied estimates).

Subgroup analyses and meta-regressions were reported for the non-G-F 20 hyaluronans.
However, results were not always consistent for the three endpoints. Table 11 displays subgroup
findings reporting a suggested difference only when results were consistent for all three outcome
measures examined (SPID%, ASPID%, Peak PID%). Qualitative results are displayed because
these analyses must be considered hypothesis generating.

Table 11. Subgroup results for non-cross-linked hyaluronans

Subgroup Result
Blinding Single | > | Double*
Centers Single Center* | > | Multicenter
Intention-to-treat analyses ITT Analyses* | ? | Per Protocol
Age Mean Age <65* | > | Mean Age >65*
Disease stage Less Advanced | > | Advanced
Effusion as inclusion criteria Effusion | ? | No Effusion
Sample size <100* | > | >100
Escape analgesics allowed Not Allowed | > | Allowed
Funding Non Industry* | > | Industry

* Indicates significant Cochran Q for at least 2 of the 3 outcome measures—i.e., heterogeneity
in pooled result.

> indicates effect larger in subgroup; ? inconsistent for the 3 outcome measures

Significant associations with trial results were found in meta-regressions for: (1) mean
patient age for ASPID% without activities only; (2) publication year for SPID% functioning; and
(3) trial quality, mean patient age, and sample size for ASFID% functioning. No association
between molecular weight and outcome measures was found. Of the 54 regression coefficients
tested, five were statistically significant.

Funnel plots using sample size for the ordinate (vertical axis) were not consistent with
publication bias. The authors commented indirectly on the overall methodologic quality of the
primary literature stating that allocation concealment was unclear in all RCTs and more high
quality trials are needed. The mean quality score on the rating system used was 19 points
(maximum 28) (Downs and Black, 1998, Pendleton, Arden, Dougados, et al., 2000).
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Major adverse events were documented in three of 1002 knees treated with non G-F 20
hyaluronans (severe swelling, vasculitis, and a hypersensitivity reaction); one patient from 139
knees treated with hylan G-F 20 experienced an acute painful local reaction. The pooled relative
risk of minor adverse events for all hyaluronan products was 1.2 (95 percent CI: 1.01 to 1.41).

Arrich, Piribauer, Mad, et al. (2005). Outcomes examined in this meta-analysis included
pain at rest and during or after activities (VAS), joint function (WOMAC, Lequesne Index,
subjective VAS rating, time for 40-meter walk), and adverse events. MEDLINE®, EMBASE,
CINAHL, BIOSIS, and the Cochrane Controlled Trials Registry were searched from inception
through April, 2004 for randomized single- or double-blinded, placebo-controlled trials
published with English or German abstracts. Either pain at rest, during or after movement, joint
function, or adverse event reporting was required. From 1,159 articles identified 22 were
included—data from 17 trials reporting pain and/or joint function outcome measures were
pooled; for adverse events outcomes from the 5 additional trials were included.

Outcome measures were pooled separately for four time periods: weeks 2 to 6, 10 to 14, 22
to 30, and 44 to 60. VAS pain was pooled as a weighted mean difference for each period.
Different functional outcome measurement scales reported required pooling standardized effect
sizes. Comparative adverse event risk was pooled as a relative risk. Trial quality was
characterized by adequacy of allocation concealment, use of intention-to-treat analyses, and
blinding.

Table 12 displays pooled pain results.

Table 12. Pooled visual analog scale results for rest and activity pain from Arrich, Piribauer, Mad,
et al. (2005)

Rest During/After Exercise
Weeks 2-6 2-6 10-14 22-30
Weighted mean difference VAS (100mm) -8.7 mm -3.8 mm -4.3 mm -7.3 mm
95% CI -17.2t0-0.2 -9.1t01.4 -7.61t0-0.9 -11.8t0-2.4
Heterogeneity (%) 94% 81% 0% 0%
Trials included 9 9 5 4

When rest pain measures were pooled from trials not using intention-to-treat analyses or
when allocation concealment absent or unclear, the weighted mean difference was 15.6 mm
lower (i.e., greater effect magnitude favoring hyaluronans); in unblinded trials the weighted
mean difference was 13.6 mm lower (favoring hyaluronans). The large value of I for activity
pain at 2 to 6 weeks was attributed to Henderson, Smith, Pegley, et al. (1994) in which pain
increased among those with more advanced disease receiving hyaluronans. Excluding the trial
diminished I” to 20 percent while yielding a similar pooled weighted mean difference (-4.2 mm,
95 percent CI: -7.5 to -0.8). The authors noted that trial quality did not influence the pooled
estimates for pain during or after exercise, but only a single trial was judged high quality.

Pooled results for joint function are displayed in Table 13. Similar to the rest pain results,
unclear or absent allocation was accompanied by larger effect sizes during the first two time

periods.
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Table 13. Pooled results joint function from Arrich, Piribauer, Mad, et al. (2005)

Joint Function
Weeks 2-6 10-14 22-30
Standardized mean difference 0.0 -0.11 -0.16
95% ClI -0.23 10 0.23 -0.31 t0 0.09 -0.16 t0 0.13
Heterogeneity (1) 66% 59% 62%
Trials included 9 7 5

Sensitivity analyses were performed for all pooled outcomes at weeks 2 to 6 and 10 to 14
were including only RCTs reporting adequate allocation concealment, blinded outcome
assessment, and intention-to-treat analyses. According to the report, “[N]o significant effect in
favour of the intervention” was found. There was no association between molecular weight and
effect size in meta-regressions. Adverse events, typically minor, were more common with
hyaluronans than with placebo (pooled relative risk 1.08; 95 percent CI; 1.01 to 1.15). No
evidence of publication bias was reported using regression methods, except possibly for the
studies reporting adverse events (publication of trials reporting adverse events was more
frequent).

Modawal, Ferrer, Choi, et al., 2005. The meta-analysis pooled only pain outcome measures
reported on a VAS scale. MEDLINE®, and the Cochrane Controlled Trials Registry were
searched from 1965 to August, 2004 for randomized double-blind, placebo-controlled English-
language RCTs. Reference lists of included articles and reviews were also searched. From
1,872 articles identified 9 were included. Studies reporting pain as part of the WOMAC were
excluded. Pain measures during activity or at rest were extracted and pooled (although which
studies and at what time periods contributed activity or rest pain measures was not specified).

The mean difference between treatment and placebo in change from baseline pain was
pooled for four time periods: weeks 1, 5to 7, 8 to 12, and 15 to 22. Adverse event rates were not
summarized. Trial quality was assessed using the method of Chalmers, Smith, Blackburn, et al.
(1981) (maximum score of 1.0)—those scoring 0.75 or lower were considered low quality.

Table 14 displays the pooled results.

Table 14. Pooled visual analog scale pain change from Modawal, Ferrer, Choi, et al. (2005)

Pain with activity or rest
Weeks 1 5-7 8-12 15-22
Weighted mean difference VAS change (100mm) -4.4 mm -17.6 mm -18.1 mm -4.4 mm
95% ClI -7.2t0-1.1 -28.0t0-7.5 | -29.9t0-6.3 | -24.1t0 15.3
Heterogeneity (1) 92% 92% 95% 94%
Trials Included 9 6 6 3

* |2 calculated from Q and accompanying df (degrees of freedom).

Heterogeneity examined with Galbraith plots was consistent with the I” values calculated.
Excluding the four low-quality trials diminished the pooled effect magnitudes considerably
(Table 15).
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Table 15. Pooled visual analog scale pain change for high-quality RCTs from Modawal, Ferrer, Choi,

et al. (2005)
Pain with activity or rest
Weeks 1 5-7 8-12 15-22
Weighted Mean Difference VAS Change (100mm) 1.0 mm -7.2mm -7.1 mm -4.4 mm
95% CI -1.2t0 3.2 -12.0t0-2.4 | -11.3t0-3.0 | -24.1t0 15.3
Heterogeneity (1) 83% 0 9% 94%
Trials Included 7 2 6 3

* 1 calculated from Q and accompanying df (degrees of freedom).

In meta-regressions, trial quality and hylan G-F 20 were associated with significantly better
outcomes at 5 to 7 and 8 to 12 weeks; poor trial quality was associated better outcomes at other
time periods although statistically significant only at week 1. Potential publication bias was
assessed using Egger test (p=.096) (time period not specified) which the authors stated was “not
statistically significant...suggesting that there is no publication bias.”

Bellamy, Campbell, Robinson, et al., 2006." Outcomes examined relevant to our protocol
included pain at rest and with activity, WOMAC function, Lequesne Index, patient global
assessment, and adverse events. The literature search included MEDLINE® (to the first week of
January 2006); EMBASE, PREMEDLINE, and Current Contents to July 2003; the Cochrane
Central Register of Controlled Trials; specialized journals and reference lists of identified
randomized controlled trials; and pertinent review articles to December 2005. Single- or double-
blinded randomized controlled trials with placebo or other comparators were eligible; no
language restrictions were imposed. From 76 trials identified, 32 in the meta-analysis were
placebo-controlled comparisons. Outcome measures from 30 RCTs were pooled in some
manner. Trial quality was assessed using the Jadad scale (Jadad, 1996).

Outcome measures were pooled separately for four time periods: weeks 1 to 4, 5to 13, 14 to
26, and 45 to 52. Unadjusted post-test scores were pooled (Bellamy, Campbell, Robinson, et al.,
2006; page 5)—the difference between treatment and placebo at follow-up. VAS pain and
Lequesne Index scores were pooled as weighted mean differences; WOMAC pain and function
as standardized mean differences; patient global assessment and adverse events as relative risks.

Both by-product and by-class results were reported. While Bellamy, Campbell, Robinson, et
al. (2006) emphasize the by-product results, we focus on by-class results for both clinical and
methodologic reasons. Rationale for by-product results is based on the premise that “...these
products differ in their MW [molecular weight], concentration, treatment schedules, and mode of
production...” However, with the exception of hylan G-F 20, none of the preceding meta-
analyses found outcomes differing by molecular weight. Thus, there is potential for spurious
subgroup findings with multiple individual product analyses. Of the more than 850 forest plots
presented, only 38 combine results from more than 3 trials. Accordingly, we focus on by-class
results.

Table 16 displays pooled results for VAS pain at rest and with weight-bearing comparing
hyaluronans to placebo.’

* As of this writing, this review has been re-issued as a 627-page version, Bellamy, Campbell, Robinson, et al., (2007) without an
updated literature review. The date of the most recent substantive amendment is the same in both documents—February 21,
2006.

T One trial included in these pooled results (Wobig, Bach, Beks, et al., 1999) was not strictly a placebo comparison. However,
removing it did not alter any result materially when results were replicated.
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Table 16. Pooled visual analog scale results for rest and weight-bearing pain from Bellamy, Campbell,

Robinson, et al. (2006)

Rest Weight-Bearing
Weeks 14 14 513 14-26 4552
Weighted mean difference VAS (100mm) -3.5mm -7.7mm -13.0 mm -9.0 mm -2.6 mm
95% CI -9.21t0 2.1 -11.3t0-4.1 | -17.8t0-8.2 | -14.8t0-3.2 | -7.41t02.2
Heterogeneity (I°) 80% 80% 82% 7% 0%
Trials included 9 20 16 8 3

The magnitude of pooled effect estimate was greatest at 5 to 13 weeks and lower thereafter—
the critical caveat being that trials and outcome measures from different patients were pooled at
different periods. The degree of heterogeneity among trials was large at all periods except weeks
45 to 52 where only 3 trials were included.

WOMAC pain was pooled as a standardized mean difference because different pain scale
metrics were used as allowed in the instrument (Table 17).

Table 17. Pooled Western Ontario and McMaster Osteoarthritis Index pain results from Bellamy, Campbell,

Robinson, et al. (2006)

WOMAC Pain
Weeks 1-4 5-13 14-26
Standardized mean difference -1.2 -1.0 -1.0
95% ClI -1.9t0-05 -1.6t0-0.5 -1.8t0-0.3
Heterogeneity (I°) 88% 88% 80%
Trials included 6 6 3

Pooled standardized mean differences were lower than -1.0 during each period and
magnitudes appeared similar over time. Heterogeneity among trials was large (I* values 80 to 88

percent).

Pooled WOMAC function standardized mean differences (Table 18) were similar to the

WOMAC pain results.

Table 18. Pooled Western Ontario and McMaster Osteoarthritis Index function results from Bellamy,

Campbell, Robinson, et al. (2006)

WOMAC Physical Function

Weeks 1-4 5-13 14-26
Standardized mean difference -1.0 -0.9 -0.8
95% CI -1.6t0-0.4 -1.3t0-0.4 -1.410-0.2
Heterogeneity (I°) 85% 84% 70%
Trials included 6 6 3

Lequesne Index (pain and function composite ranging 0 to 24) scores were pooled from up to
five trials for the four time periods (Table 19).

Table 19. Pooled Lequesne Index results from Bellamy, Campbell, Robinson, et al. (2006)

Lequesne Index

Weeks 1-4 5-13 14-26 45-52
Weighted Mean Difference -0.8 -1.4 -0.1 -1.1
95% CI -1.5t0-0.2 -2.0t0 -0.7 -0.81t0 0.9 -2.7t00.5
Heterogeneity (I%) 44% 16% 6% NA
Trials Included 5 4 3 1
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There was less heterogeneity than for the WOMAC results. However, estimates at 1 to 4 and
5 to 13 weeks included results from 40 patients twice in the trial finding the largest benefit
(Carrabba, Paresce, Angelini et al., 1995).

Patient global assessment was pooled as the relative risk of improvement (Table 20).

Table 20. Pooled global assessment results from Bellamy, Campbell, Robinson, et al. (2006)

Patient Global Assessment
Weeks 1-4 5-13 14-26 45-52
Relative risk of improvement 11 11 1.0 1.0
95% ClI 09to1.4 09to 14 0.7to 1.5 0.8t01.2
Heterogeneity (1) 58% 60% 70% 30%
Trials included 5 6 4 2

Although lower than in previous results, heterogeneity was still generally high. There was no
evidence that patient-reported global improvement differed with treatment during any time
period—all relative risks were indistinguishable from unity

While few studies reported responder rates from intention-to-treat analyses, Bellamy,
Campbell, Robinson, et al. (2006) reported number needed to treat (NNT) for some outcomes
(Table 21). They varied in both magnitude and direction (negative indicates placebo better).
Only NNTs derived from Altman, Akermark, Beaulieu, et al. (2004), and possibly Brandt, Block,
Michalski, et al. (2001) are well anchored to response defined by attaining some minimal
clinically important improvement.

The systematic review did not directly examine any potential relationship between product
molecular weight and efficacy. However, results from studies of hylan G-F 20 were separately
analyzed. At 5 to 13 weeks, the pooled weighted mean difference in VAS measured pain from
four trials was -22.5 mm (95 percent CI: -35.2 to -9.7; I*= 82.9%). One trial included in the
estimate was not strictly a placebo comparison (Wobig, Dickhut, Maier, et al., 1998).

Potential publication bias was not analyzed although discussed: “In an attempt to address
potential publication bias, we have searched abstract books, as well as published manuscripts,
corresponded with manufacturers, and contacted investigators in the search for additional
information or unpublished studies” (Bellamy, Campbell, Robinson, et al., 2006; page 46).
Sensitivity analyses or meta-regressions exploring heterogeneity of pooled estimates were not
reported. Mean trial quality on the Jadad scale was 3.7 (range 2 to 5).

The pooled relative risk of local reactions for hylan G-F 20 (5 trials) was 1.9 (95 percent CI:
0.51 to 7.3, 5 trials) and other hyaluronans 1.6 (95% CI: 0.54 to 5.6, 5 trials). Adverse events
were otherwise reported primarily as relative risks from individual trials.

Strand, Conaghan, Lohmander, et al., 2006. Strand, Conaghan, Lohmander, et al. (2006)
conducted a patient-level meta-analysis for a single outcome—the Lequesne Index. Patient data
(N=1,155) were obtained from five double-blind placebo-controlled randomized controlled trials
included in a premarketing approval application for Supartz"® (18 trials were included in the
application). The five trials were conducted in Germany, Sweden, U.K., France, and Australia.
Three have been published (Day, Brooks, Conaghan, et al., 2004; Puhl, Bernau, Greiling, et al.,
1993; Lohmander, Dalen, Englund, et al., 1996).
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Table 21. Numbers needed to treat for various outcomes from Bellamy, Campbell, Robinson, et al. (2006)

Trial Weeks NNT
Number of Patients Improved
1-4 100
Lohmander et al., 1996 5-13 Infinity

14-26 7.1

Shichikawa et al., 1983a (5-week trial) 1-4 5
Shichikawa et al., 1983b (5-week trial) 1-4 11
Puhl et al., 1993 5-13 10
Brandt et al., 2001 14-26 20

Number of Patient Clinical Failures
Karlsson et al., 2002 14-26 11
45-52 6.7
WOMAC Pain 40% Relative; 5-point Absolute (20-point scale)
1-4 14
Altman et al., 2004 5-13 -33*
14-26 -33*
WOMAC Pain >5-point Improvement (20-point scale)
Brandt et al., 2001 >5-Point | 1426 | 509
Patient Global Assessment (Number Improved)

Corrado et al., 1995 1-4 -2.3
Creamer et al., 1994 1-4 11.1
Sala et al., 1995 1-4 -6.7
Corrado et al., 1995 5-13 -10
Sala et al., 1995 5-13 -2.9
Henderson et al., 1994 14-26 25
Huskisson et al., 1999 14-26 -3.1

* Sign incorrectly reported in Bellamy, Campbell, Robinson, et al. (2006, page 194,
2007, page 194)

Participants received three to five weekly intra-articular hyaluronan or placebo injections and
were followed at least 3 months. They were assessed at weeks 5 and 13 in all trials, week 9 in
four, and weeks 17, 20, and/or 25 in three trials. Four trials included individuals aged 40 years
and older; the other aged 50 years and older (Lohmander, Dalen, Englund, et al., 1996).
Lequesne Index score was the primary outcome in three RCTs. Intention-to-treat analyses were
used and missing data imputed by carrying the last observation forward. Both fixed- and
random-effects models were examined. Trial quality was assessed by Jadad scale.

Analyses included 1,155 participants (619 treated, 536 placebo). Dropout rates were 10.2
and 14.6 percent in treated and placebo arms respectively. The highest drop out rates occurred in
the unpublished U.K. trial—28.3 and 40.9 percent in hyaluronan and placebo groups. No
significant baseline differences were noted within the overall sample.

Longitudinal mixed-effects models (random effects) were fitted to the data with some
differences between the fixed- and random-effects models. In both, a significant treatment effect
was seen; the treatment by time interaction was not significant in the fixed-effects model and
reached p=.06 in the random effects one.

In a fixed-effects model the mean improvement in Lequesne Index was -2.74 and -2.16 in the
placebo group (difference of -0.58, 95 percent CI: -0.95 to -0.20); in a random-effects model -
2.68 and -2.00 (difference of -0.68, 95 percent CI: -0.79 to -0.56). When analyses were
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conducted for individual trials, treatment effects were statistically significant in two. Results
were sensitive to model specification in two trials. For one, (Puhl, Bernau, Greiling, et al., 1993)
the fitted mixed-effects model showed no treatment difference (p=.55), while the original
publication reported a statistically significant difference in Lequesne Index scores at the end of
follow-up (p=.005 at 14 weeks). No participant-level random-effects models were examined.

Adverse events were noted in 1.8 and 3.2 percent of the hyaluronan and placebo groups.

Trials Not Pooled or Included in Meta-Analyses. Two RCTs identified by Bellamy,
Campbell, Robinson, et al. (2006) were not pooled—one trial of a non-animal stabilized
hyaluronan (NASHA) (Altman, Akermark, Beaulieu, et al., 2004) and the other Neustadt,
Caldwell, Burnette, et al. (2005) (see Appendix C’, Tables IB-IG). These RCTs were not
included in other meta-analyses owing to recent publication dates.

Altman, Akermark, Beaulieu, et al., 2004. The trial randomized 347 participants in a
placebo-controlled double-blind 26-week multicenter trial across 18 sites in the United States,
Canada, and Sweden. Treatment and placebo groups were comparable at baseline. Mean
participant age was approximately 63 years; 55 percent were female; and 35 percent had prior
knee surgery; knees with Kellgren-Lawrence radiographic grades 2 to 4 were enrolled. A single
NASHA (60 mg) or saline placebo injection was administered to 172 or 174 participants,
respectively. The primary outcome was response defined as a reduction in WOMAC pain score
(20-point scale) >40 percent with an absolute 5-point improvement. Following the baseline
exam, participants were assessed at weeks 2, 6, 13, and 26.

Trial quality was rated “good.” There were no differences in response rates between
treatment and placebo arms at any of the time points examined in either intention-to-treat or per
protocol analyses. In a post-hoc analysis of the subgroup with only knee OA (62 percent), a
significant difference was found at week 6 (42.1 versus 27.5 percent) but at no other time point.

This trial used clearly defined responder criteria (Dougados, Nguyen, Listrat, et al., 2000)
and found no evidence for a beneficial effect of NASHA. The post-hoc subgroup finding of a
single difference was inconsistent with the overall result.

Neustadt, Caldwell, Burnette, et al., 2005. At 24 sites in the United States and Canada, 372
participants were randomized in a placebo-controlled, double-blind, 22-week trial. Treatment
and placebo groups were comparable at baseline. The mean age of participants was 60 years; 52
percent were female; those with Kellgren-Lawrence radiographic grades 2 to 3 were enrolled.
The trial had three arms with four weekly intra-articular injections: (1) four hyaluronan
injections, (2) three hyaluronan injections followed by arthrocentesis, and (3) four
arthrocenteses. The primary outcome was response defined as a 20 percent relative and a 50-mm
absolute improvement on WOMAC pain at weeks 8, 12, 16, and 22. Baseline characteristics of
the intention-to-treat sample were not reported, only those of the “evaluable population.” This
subgroup was defined as participants receiving all four injections, attending at least one follow-
up visit, and without protocol deviation (n=336 or 90 percent of those randomized). Intention-to-
treat analyses were not reported.

Trial quality was rated “fair.” In the “evaluable population,” there were no statistically
significant differences in WOMAC pain at any time point. Greater improvement in patient
global assessment was evident at weeks 8 through 16 in the four hyaluronan injection group
compared to the other two groups. No difference was evident between the arthrocentesis and
three hyaluronan injection arms. The primary responder outcome was not reported for the
“evaluable population.”

: Appendixes cited in this report are available electronically at http://www.ahrq.gov/clinic/tp/oakneetp.htm
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An “evaluable subgroup” with Kellgren-Lawrence grade 2 or 3 and contralateral knee
WOMAC pain <150 mm (500 mm scale) was next analyzed (n=294, 79 percent of those
randomized). When response was defined as a 20 percent improvement alone (not the primary
specified outcome measure) the 4 hyaluronan injection group was superior to placebo at week 8
(76 versus 62 percent, p=0.035), but at no other time point. The three hyaluronan injection group
was not superior to placebo. Further post-hoc subgroup analyses examined 40 and 50 percent
improvement response criteria finding higher response 40 percent response rates with four
hyaluronan injections compared to placebo at all time points.

The trial did not demonstrate benefit for the primary efficacy outcome and intention-to-treat
analyses were not reported. A single statistically significant responder result was found
examining two subgroups. Subgroups were apparently defined post-hoc and not analyzed
according to the primary efficacy outcome.”

Trials Not Included in Any Meta-Analyses. Rolf, Engstrom, Ohrvik, et al., 2005. This
double-blind placebo-controlled trial conducted at two centers in Sweden randomized 272
participants aged 35 years and older (Appendix C', Tables IA-IG) with:

1. Primarily unilateral OA of the knee
2. Outerbridge grades I through III by arthroscopy performed more than 6 months before entry
3. Pain >40 mm with walking, climbing or descending stairs, or weight bearing.

Mean participant age was approximately 54 years; 40 percent were female; 39 percent had
prior partial meniscectomies and 7 prior knee surgery; 43 percent of knees were classified
Ahlback grade 0 and 64 percent grade 0 or 1. The trial included three arms: hylan G-F 20, 25 mg
hyaluronan, or placebo (buffered saline) each administered once weekly for three weeks.
Baseline characteristics in the three arms were comparable; two participants were non-
Caucasian. Following the initial examination, participants were assessed at weeks 6, 12, 18, 26,
38, and 52. The primary efficacy outcome was VAS pain during walking, stair climbing, or
weight-bearing with the previous assessment provided to the subject. Response was defined
being symptom free (VAS <20 mm) at week 26. Among secondary outcomes were Lequesne
Index and patient assessment of overall response. Intention-to-treat analyses were performed
without adjustments for multiple comparisons.

Trial quality was rated “good.” At 26 weeks, 44 percent of the hylan G-F 20 arm were
classified as responders compared to 30 percent in the placebo arm (p=.048) and 43 percent of
the hyaluronan arm.* Response rates were generally higher with active treatment at all time
points, but other comparisons not statistically significant. There were no differences between
arms in patient assessed overall treatment response (proportions reporting very good or good in
the hylan G-F 20, hyaluronan, and placebo arms being 58, 62, and 52 percent respectively). At
26 weeks the decrease in stiffness score was greater in hyaluronan compared to hylan G-F 20
arm (-18.1 versus -10.5 mm, p=.015) and -13.7 mm in the placebo arm. No differences were

" The potentially problematic nature of subgroups analyses is illustrated nicely in the subgroup analyses by Lohmander, Dalen,
Englund, et al. (1996), followed by Karlsson, Sjogren and Lohmander (2002), as discussed in Results, Part I, Key Question 3
(Subgroup Analyses).

l Appendixes cited in this report are available electronically at http://www.ahrq.gov/clinic/tp/oakneetp.htm

1 p-values not reported were not calculable from data provided because a logistic regression model was employed including a
parameter for center and possible center by treatment interaction.

53



found for “the majority of other efficacy parameters...” including Lequesne Index. Adverse
events were reported in 59 percent of the hylan G-F 20 arm, 60 percent of the hyaluronan arm
and placebo arms (Appendix C’, Table IH). Arthropathy was more frequent with the hyaluronan
preparation (10 percent) compared to either hylan G-F 20 or placebo (3 percent each).

This trial enrolled a young predominantly male sample with a goal to “halt the progression of
early-stage chondral pathology to end-stage OA disease.” At 26 weeks, response to hylan G-F
20 was significantly better than placebo, but there were few significant results among the many
examined and no adjustment for multiple comparisons.

Adverse Events

Adverse event profiles reported in individual trials are shown in Appendix C’, Table IH, but
were not consistent across trials. The most frequently reported events were local in nature
including injection site pain or infection and local joint pain and swelling. When reported,
adverse events appeared generally similar in frequency with either intra-articular hyaluronan or
placebo.

The meta-analyses examining adverse events described small relative increased risk. Wang,
Chen, Huang, et al. (2004) reported a pooled relative risk for minor events of 1.2 (95 percent CI:
1.01 to 1.41) and Arrich, Piribauer, Mad, et al. (2005) 1.08 (95 percent CI; 1.01 to 1.15).
Bellamy, Campbell, Robinson, et al. (2006) estimated a pooled relative risk for local reactions
accompanying hylan G-F 20 (five RCTs) of 1.9 (95 percent CI: 0.51 to 7.3, five RCTs) and other
hyaluronans (5 RCTs) of 1.6 (95 percent CI: 0.54 to 5.6).

Six articles or abstracts were identified addressing adverse event occurrence. Hamburger,
Lakhanpal, Mooar, et al. (2003) reviewed hyaluronan product safety profiles from a MEDLINE®
search through July 2002 and the FDA Manufacturer and Device Experience Database
(MAUDE)." The review noted rare occurrence of serious reactions to both Hyalgan®™ and hylan
G-F 20.

Waddell (2003) described adverse event rate accompanying hylan G-F 20 from a
retrospective review in a single clinical practice. He reported a local adverse event rate of 2.1
percent (82/3,931) per injection—1 percent (34/3,367) for those receiving a single course and 8.5
percent (48/564) accompanying a second course.

Maheu and Bonvarlet (2003) surveyed French rheumatologists to explore the occurrence of
acute pseudoseptic arthritis post-hyaluronan injection—a severe hyaluronan-related adverse
event reportedly uncommon. A questionnaire was sent to 81 rheumatologists of whom 26
responded. Sixteen reported 33 cases or pseudoseptic arthritis, possibly more frequently
associated hylan G-F 20. The authors concluded acute pseudoseptic arthritis is “not so rare.”
Limitations of the survey included the absence of a denominator to quantify risk and the low
survey response rate.*

Kemper, Gebhardt, Meng, et al. (2005) reported a 5.3 percent adverse event rate
accompanying hylan G-F 20 injections in 4,253 patients. Arthropathy was most common
occurring in 3.1 percent of patients. The most severe event reported was a large effusion and
synovitis in one patient. Those with previous hyaluronan treatments had a two-fold increased
risk of adverse events. Lussier, Cividino, McFarlane, et al. (1996) reported adverse events

: Appendixes cited in this report are available electronically at http://www.ahrq.gov/clinic/tp/oakneetp.htm
"Dr. Hamburger was a paid consultant to Sanofi-Synthelabo, manufacturer of Hyalgan®.
* The survey, funded by Forest Pharmaceuticals, was not subsequently published.
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among 336 patients receiving 1,537 injections of hylan G-F 20. Local adverse events occurred at
a rate of 2.7 percent per injection and in 1 of 12 patients.

Finally, a search of MAUDE for hyaluronan products (code MOZ) from January 1, 2005
through January 1, 2007 identified 236 records reporting adverse events following knee
injection. Nine reports mentioned pseudosepsis or pseudoseptic reaction—four associated with
Synvisc” (hylan G-F 20), one with Euflexxa®, and four with Hyalgan®. In 85 adverse events
patients were hospitalized.

Generally, severe adverse events associated with hyaluronan-based products have been
reported as uncommon in trials. In contrast, local minor adverse events appear common,
although the risk appears not substantially different compared to placebo injection. The true risk
of pseudoseptic reactions may be small, but one study suggests they could be more common than
generally thought.

Supplementary Analyses Performed by the Evidence-Based
Practice Center

We performed supplementary analyses to address three key issues:
1. Heterogeneity—clinical and statistical
2. Publication bias
3. Hylan G-F 20.

The majority of these analyses rely upon data abstracted by Bellamy, Campbell, Robinson, et
al. (2006) which included the largest number of trials. However, trial quality ratings we
performed and cited throughout this reported were used for all analyses.

Clinical and Statistical Heterogeneity/Sensitivity Analyses. All study-level meta-analyses
found high heterogeneity and appropriately employed random effects models. Four of the five
identified hylan G-F 20 and trial quality issues as factors affecting pooled estimates. Using post-
test VAS pain as the outcome at 5-13 weeks (Bellamy, Campbell, Robinson et al. 2006,
Comparison 50, 16 pooled studies), we performed sensitivity analyses exploring factors
suggested by the meta-analyses and our own review of evidence:

e Trial quality (good/fair versus poor)"
e Hylan G-F 20 versus other hyaluronans

e Sample size (<100 or >100) or reported power calculations (these attributes were correlated;
differences according to sample size was found to explain more heterogeneity)

e Industry involvement

: Note, these were our trial quality ratings, not those performed by Bellamy, Campbell, Robinson, et al. (2006)
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e Use of rescue analgesia
e Primary intention-to-treat analyses.”

The sensitivity of results to the trial characteristics was examined by fitting random effects
models to subgroups and in meta-regressions. From subgroup analyses, Table 22 shows
estimated effects were highly sensitive to study quality, use of hylan G-F 20, sample size, power
calculations, and use of rescue analgesics but not industry involvement or primary intention-to-
treat analyses. However, heterogeneity remained high in almost all subgroups.

Table 22. Results of sensitivity analyses for Bellamy, Campbell, Robinson, et al. (2006) 5-13 week pain

Random-Effects Model*
Study or Sample WMD VAS
Characteristic 100 mm 95% ClI 12

Study Good/Fair -8.8 -12.41t0-5.2 61.0%
Quality Poor -23.2 -37.210-9.3 89.7%

G-F 20 -20.8 -31.3t0-10.4 83.8%
Hylan

Others -9.3 -13.4t0 -5.1 68.3%
Sample <100 -17.0 -20.8 t0 -13.2 26.3%
Size > 100 -7.3 -14.6 to 0.4 89.2%
ITT Yes -12.8 -18.8 t0 -6.8 84.6%

No -13.5 -22.1t0-4.9 80.2%

Power Yes -9.1 -16.5t0 -1.8 86.5%
Calculation No -16.2 -22.710 -9.8 78.5%
Rescue Yes -11.4 -16.3t0 -6.6 82.5%
Analgesia No -24.2 -34.6 t0 -13.7 38.1%
Industry Yes -12.9 -18.5t0 -7.3 85.4%
Involvement No -13.7 -18.4t0 -9.0 0.0%*
*A fixed-effects model.
Add P-values

Characteristics found to influence results next examined in a hierarchical Bayes linear model
(DuMouchel, 1994) with a vague prior for t*' specified. Study quality and hylan G-F 20 were
retained in the model based on these findings and conclusions from the meta-analyses. Of the
remaining attributes, only sample size was found independent and statistically significant.* In
the model including study quality, use of hylan G-F 20, and sample size all were statistically
significant (respective probabilities of .006, .049, and .01) and between-study variability in the
model (%) was reduced by 38 percent. In the model pooled weighted mean differences in VAS
pain varied from -3.0 mm (good/fair study quality, non G-F 20 hyaluronan, sample size >100) to
-29.6 mm (poor study quality, hylan G-F 20, sample size <100).

Although analyses must be considered exploratory, in subgroup analyses and meta-
regressions results were sensitive to study characteristics and use of hylan G-F 20. Industry
involvement had no effect on pooled estimates. While the use of rescue analgesia in subgroup
analyses influenced results, it was not independent of study quality and use of hylan G-F 20 and

" Is not independent of study quality ratings.

1% is a measure of between-trial heterogeneity.

* Metaregressions were replicated using STATA Version 9 metareg with consistent results—nearly identical point estimates, but
not unexpectedly somewhat different confidence intervals and p-values.
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only three trials did not allow rescue analgesia. Study quality, hylan G-F 20, and sample size
were independently associated with the trial effects explaining a sizeable proportion of between-
study variability.

Publication Bias. Three findings suggest the presence of publication bias:
1. Funnel plot asymmetry
2. Small trial bias
3. Unpublished trials.

Funnel Plot Asymmetry. Two meta-analyses found funnel plot asymmetry (Lo, LaValley,
McAlindon, et al., 2003; Modawal, Ferrer, Choi, et al., 2005); using sample size as the ordinate
Wang, Chen, Huang, et al., (2004) suggested no evidence of asymmetry. Arrich, Piribauer, Mad,
et al. (2005) found no evidence of publication bias while Bellamy, Campbell, Robinson et al.
(2006) did not report examining potential publication bias.

Funnel plots constructed with precision as the ordinate using data from Wang, Chen, Huang,
et al. (2004) showed asymmetry for SPID% (p=0.038) and peak PID% (p=.015) although not for
ASPID% (p=.56) which as an average measure could be anticipated.* In Bellamy, Campbell,
Robinson et al. (2006), Egger tests calculated for pooled VAS pain at rest, 1 to 4 weeks, 5 to 13
weeks, and 14 to 26 weeks yielded p-values of .9, <.001, .017, and .086, respectively.” While
other factors could explain these test results (Lau, loannidis, Terrin, et al., 2006) those reported
in the meta-analyses and those we performed are consistent with publication bias.

Small Trial Bias. An apparent small trial bias was noted by Wang, Chen, Huang, et al.
(2004) and shown in our sensitivity analyses. The average size of trials reporting sample size
calculations was 204 compared to 60 for those without. The effect magnitude in clearly
adequately powered trials was 44 percent lower than in those not reporting sample size
calculations—consistent with concluding positive underpowered studies were more often
published than negative ones.

Unpublished Trials. A substantive body of unpublished literature including large trials exists
(OAK9801, France 1995, UK 1996, Hizmetli, Kocagil, Kaptanoglu, et al.)—15.5 percent of all
participants were included in studies unreported in either manuscript or abstract form; 9.7
percent included in abstracts not subsequently published (Table 4). This size of this body of
evidence is consistent with potential publication bias.

Hylan G-F 20. The five study-level meta-analysis suggested hylan G-F 20 has greater
effects than other hyaluronans. To extend results from the meta-analyses and explore how the
potential effect of hylan G-F 20 might differ, we examined pooled trial results further.

Pooling. Eight trials of hylan G-F 20 assessed outcome measures at different time points
using different instruments (Cubukcu, Ardic, Karabulut, et al., 2004; Dickson, Hosie, and
English, 2001; Karlsson, Sjogren, and Lohmander, 2002; Kotevoglu, Iyibozkurt, Hiz, et al.,
2006; Moreland, Arnold, Saway, et al., 1993; Rolf, Engstrom, Ohrvik, et al., 2005; Scale, Wobig,
and Wolpert, 1994; Wobig, Dickhut, Maier, et al., 1998). For consistency and to allow

* Funnel plots for pooled functional outcome measures could not be replicated as trial-level data were not provided in the meta-
analysis.
T Only three studies were pooled at 45 to 52 weeks and a result was not calculated.
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comparison with other meta-analyses, we adopted the general approach taken by Bellamy,
Campbell, Robinson, et al. (2006) pooling weighted mean differences between treatment and
placebo arms at follow-up. Data extracted by Bellamy, Campbell, Robinson, et al. (2006) at 5 to
13 weeks post-injection (near the time of maximum anticipated benefit) were used.

Results from two trials could not be included in the pooled result. Follow-up in the
Moreland, Arnold, Saway, et al. (1993) trial was limited to four weeks. Rolf, Engstrom, Ohrvik,
et al. (2005) did not report a pain outcome measure amenable to pooling with the other trials.
Five of the remaining six RCTs reported pain on a VAS scale (Dickson, Hosie, and English,
[2001] as part of WOMAC 100-mm VAS). Cubukcu et al. (2006) assessed WOMAC pain on a
20 point scale (which we rescaled to 100 for pooling). From Karlsson, Sjogren, and Lohmander
(2002) only the hylan G-F 20 and placebo arms were included. Random-effects models were
fitted in all but one instance due to heterogeneity.

Results. Trial quality was rated as either “poor” (n=3) or “fair” (n=3). Intention-to-treat
analyses were conducted three trials. Two trials reported no dropouts (Appendix C’ Table 10),
three between 24 and 29 percent, the dropout rate was not reported in one (Scale, Wobig, and
Wolpert, 1994). Five trials were double blinded and one unblinded.

Figure 4 displays the forest plot including six trials for pain at 5 to 13 weeks (WMD: -20.2
mm, 95% CI: -29.5 to -10.9; random effects model, I* = 82 percent, Egger test p=0.76). Because
of the notably larger effect magnitudes of the Scale, Wobig, and Wolpert, (1994) and Wobig,
Dickhut, Maier, et al. (1998) trials, results were also pooled separately for the two trials and the
remaining four. There was no evidence of heterogeneity in these two subgroups (I*= 0, and 16
percent respectively) and fixed effects models were fitted. The disparity between these
subgroups is substantial. The Scale, Wobig, and Wolpert, (1994) and Wobig, Dickhut, Maier, et
al., (1998) were pooled in four of the study-level meta-analyses and both rated of “poor” quality
due to baseline imbalances and not accounting for covariate imbalances.

These results can be summarized as follows:

1. The pooled effect magnitude from the available hylan G-F 20 RCTs appears larger than for
other hyaluronans.

2. Due to trial quality, drop-out rates, heterogeneity, considerably larger effects in the Wobig,
Dickhut, Maier, et al. (1998) and Scale, Wobig, and Wolpert (1994), and between-trial
variability, the pooled effect estimate must be considered accompanied by greater uncertainty
than reflected in the confidence interval.

Summary and Appraisal

Table 23 displays results from the five study-level analyses for pain reduction compared to
placebo nearest 8 to 12 weeks (the time of anticipated maximum effect). Although pooled
results across meta-analyses are not directly comparable due to differing effect measures and
trials pooled, each found a positive statistically significant overall effect. Pooled results from
better quality trials were lower in magnitude (the result of Arrich, Piribauer, Mad, et al. (2005)
was based on a single trial). Trials of hylan G-F 20 reported larger effects as did small size
trials.

: Appendixes cited in this report are available electronically at http://www.ahrq.gov/clinic/tp/oakneetp.htm
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Figure 4. Forest plot of hylan G-F 20 studies reporting VAS pain at 5 to 13 weeks—weight-bearing or
WOMAC (95% confidence intervals)
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* Pain in Cubukcu et al. (2004), reported on a 20 point scale was rescaled to 100 for these analyses.

Drawing conclusions requires considering the clinical meaning of pooled results, strengths
and limitations of the meta-analysis and trial evidence, heterogeneity in pooled results, potential
publication bias, and the uncertainty contributed by each.

Clinical Meaning. Important effects, regardless of statistical considerations, must be
accompanied by a minimal clinically important improvement patients can identify. While the
amount of improvement required may not be definitively established (Tubach, Ravaud, Baron et
al., 2005; Pham, van der Heijde, Altman, et al., 2004), between 20 and 40 percent improvements
have been used in recent hyaluronan trials (Nuestadt, Caldwell, Burnette, et al., 2005, Altman,
Akermark, Beaulieu, et al., 2004). In this respect, pooled results from the meta-analyses are
limited due to a primary literature not generally reporting results quantifying proportions
responding or achieving likely minimal clinically important improvements for the various
outcome measures. Few trials reported response rates and an insufficient number from which to
draw conclusions or to combine.
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Table 23. Summary pain result closest to 8-12 weeks and key characteristics of study-level viscosupplementation meta-analyses

Lo etal., Wang et al., Arrich et al., Modawal et al., Bellamy et al.,
2003 2004 2005 2005 2006
Trials pooled at 8-12 weeks 22 20 5 6 16

Sample size: mean (range)*

134 (24-108)

117 (12-347)

250 (49-408)

181 (80-347)

131 (24-407)

Total patients

2,927

2,345

1,251

1086

2,090

Pooled pain outcome cited"

Hierarchy*

With/without Activities

During or After Exercise

During Activity or Rest

Weight Bearing

Comparison/Effect

Difference in Change

Differences

Difference

Difference in Change

Difference

Measure (standardized) (in pain intensity summed) (at follow-up) (unstandardized) (at follow-up)
(effect size) (0-100%) (mm VAS pain) (mm VAS pain change) (mm VAS pain)
Overall pooled effect -0.32 7.9% -4.3 mm -18.1 mm change -13.0 mm
95% ClI (-0.47 to -0.17) (4.1% to 11.7%) (-7.6 t0 -0.9) (-29.9 to -6.3) (-18.0 to -7.9)
p Value <.001 NR .013 NR <.001
Sensitivity Analyses
Trial quality
Good (+ Fair) - Reported NS in -6.2 mm (-15.9 to 3.5) 7t (413103.0) -8.8mm (-12.4t0-5.2)"
meta-regression
Poor NR NR NR -23.2mm (-37.2t0 -9.3)""
Trial size
Large NR 3.6% (0.9 t0 6.3) NR NR -7.3mm (-14.6t0 -7.7) "
Small NR 6.0% (2.1 t0 10.1) NR NR -17.0 mm (-20.8 t0 -13.2) ™"
Molecular weight
. . - mm -
G-F 20 NR 23.6% (CI not reported) ala';g?; g](():lturi(;els >0 17. é) 50 -20.8 mm (-31.3 t0 -10.4) 1"
Non G-F 20 -0.19 (-0.27 t0 -0.10) 5.4% (2.6 to 19.9) -9.3mm (-13.4t0 -5.1) "

-19.2 mm (-30.5 t0 -7.9)

If not reported in the meta-analysis, figures calculated from original trial publications using patients randomized (not knees).
" While Arrich et al. (2005) and Bellamy et al. (2006) pooled a similar effect measure, the other meta-analyses chose different approaches detailed in the Methods

chapter.

* Pain reported from one of the following instruments in order of decreasing preference: global knee pain score; knee pain on walking; WOMAC index; Lequesne
Index knee pain during activities other than walking.
Also reported that elements characterizing studies of lower methodologic quality were associated with higher effect estimates.
Result from a single high quality trial.

" From supplementary EPC analyses; not reported in Bellamy et al. (2006).

* Calculated from meta-regression model also including study quality and pain with activity or at rest, not presented in publication.
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Table 23. Summary pain result closest to 8-12 weeks and key characteristics of study-level viscosupplementation meta-analyses (continued)
Lo et al., Wang et al., Arrich et al., Modawal et al., Bellamy et al.,
2003 2004 2005 2005 2006
Heterogeneity
NR NR 0% 95% 83%
Other Cochran Q: P<.001 Cochran Q: p<.001* Cochran Q: p<.001
Explored/Explained Yes/Yes' Yes/No NA/NAF Yes/Partially® No/No
Results consistent with e Yes'
publication bias Yes No No Yes (EPC analysis)
CI: confidence interval; NA: not applicable; NR: not reported; NS: not significant (p<.05); VAS: Visual Analog Scale.

" For non-G-F 20 trials.

" No significant heterogeneity restricting analyses to non G-F 20 trials.

* Found high heterogeneity for the 2-6 week result (I2 = 81%) explained by excluding Henderson, Smith, Pegley et al., 1994.
$ No statistical heterogeneity restricting to good quality studies.

" Result varies for vertical axis used as noted later.
T Egger test on published data p=.017




Strengths of the Meta-Analyses. Lo, LaValley, McAlindon, et al. (2003) attempted to acquire
intention-to-treat data even if not reported, conducted sensitivity analyses supporting their
conclusions, and were able to explain between-trial variability by excluding two outlier results.
Wang, Chen, Huang, et al., (2004) reported extensive subgroup results and meta-regressions.
Arrich, Piribauer, Mad, et al. (2005) examined effects at different time periods and carefully
explored between-trial variability. Bellamy, Campbell, Robinson et al. (2006) examined the
greatest breadth of literature. Strand, Conaghan, Lohmander, et al. (2006) was able to examine
patient-level data.

Key Limitations of Meta-Analyses. Lo, LaValley, McAlindon, et al. (2003) reported a pooled
standardized mean difference change in pain derived from 5 different types of pain measures
(and scales) posing challenges for clinical interpretation—a referent minimal clinically important
improvement for the pooled effect is not clear. The pooled effects reported by Wang, Chen,
Huang, et al., (2004) reflect cumulative response (McQuay and Moore, 1988) but what constitute
minimal clinically important improvement in the metrics is undefined. Arrich, Piribauer, Mad, et
al. (2005) excluded some trials included in other meta-analyses (Table 8) stating data “could not
be used” without clear explanation. For example, some trials reporting large effects with respect
to pain (e.g., Scale, Wobig, and Wolpert, 1994; Wobig, Dickhut, Maier, et al., 1998) were not
pooled. Modawal, Ferrer, Choi, et al. (2005) included few studies relative to the body of
literature. Justification for excluding studies assessing VAS pain as part of WOMAC was not
stated—although WOMAC pain is a composite of pain experienced during times and activities.
Bellamy, Campbell, Robinson et al. (2006) did not explore between-trial variability, report
sensitivity analyses, or and examine potential publication bias. The meta-analysis includes more
than 850 forest plots, yet only 38 pool results from more than 3 trials. Strand, Conaghan,
Lohmander, et al. (2006) reported a statistically significant difference but of small magnitude
(-0.68 on the 24-point Lequesne Index). There was also inconsistency between mixed effects
models reported from Puhl, Bernau, Greiling, et al. (1993) and the France (1995) trial, where the
changes reported did not correspond with those in the package insert.”

Key Limitations of Primary Literature. Trial quality was the fundamental limitation of the
primary literature—noted in four of five study-level meta-analyses. The second key limitation
was the lack of reported response rates from intention-to-treat samples. This limits applying
results to individual patients.

Heterogeneity among trials results was high for pooled outcome measures in all study-level
meta-analyses; use of hylan G-F 20 and trial quality were found to influencing pooled effect
magnitude and heterogeneity. Supplementary analyses suggested trial size also to account for
some heterogeneity.

Potential Publication bias was consistent with Egger test results in three of the meta-
analyses (Lo, LaValley, McAlindon, et al., 2003; Modawal, Ferrer, Choi, et al., 2005; Bellamy,
Campbell, Robinson et al., 2006), and in Wang, Chen, Huang, et al., (2004), dependent on the
choice of ordinate. Lo, LaValley, McAlindon, et al. (2003) also reported larger effect sizes in
unpublished trials. Small trial size was associated with larger effects and less often accompanied
by sample size calculations; a substantial number of patients were participants in unpublished
trials. This evidence supports the presence of publication bias.

Uncertainty in reported estimates is therefore likely substantially greater than reflected in
reported p-values and confidence intervals. Authors’ conclusions from the meta-analyses

" The control group improved by -3.1 points but in meta-analysis mixed-model by -2.6.
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(Appendix C”, Table IJ) together with the Overview Quality Assessment Questionnaire finding
four of the five study-level meta-analyses conclusions incompletely supported by the data and
analyses presented highlight this uncertainty. Overall pooled estimates fail to incorporate
potential publication bias, trial quality and size, and heterogeneity’ apparent in the evidence.

Results, Part I: Key Question 3 (Subgroup Analyses)

Four RCTs examined subgroups specified by our protocol including age, sex,
primary/secondary OA of the knee, body mass index (BMI)/weight, and disease severity. None
examined ethnicity, disease duration, or prior treatment. In one trial a subgroup comparison was
preceded by stratified randomization. No other subgroup comparisons were prespecified—
results obtained in post-hoc analyses.

Lohmander, Dalen, Englund, et al. (1996) noted the subgroup aged 60 to 75 years with
Lequesne Index scores over 10 (worse disease severity) experienced greater reduction in VAS
pain compared to placebo (-23 mm versus -7 mm respectively at 13 weeks). However, in a
confirmatory trial (Karlsson, Sjogren, and Lohmander, 2002) no benefit was found for that
subgroup. This was the only subgroup result tested in a confirmatory study.

In a per-protocol analysis of mean reduction in VAS pain (100-mm scale) Altman and
Moskowitz (1998) reported on age, sex, BMI, and disease severity subgroups (Table 24).
Randomization was stratified by disease severity. Of note, the overall intention-to-treat result
found mean pain reductions at 12 weeks of -23 and -24 mm in hyaluronan and placebo arms
respectively (at 26 weeks, -18 mm and -24 mm, respectively). Although statistical testing of
subgroup effects was not conducted, the considerable overlap of all subgroup confidence
intervals indicates no significant differences by subgroups.i

Table 24. Results by subgroups from Altman and Moskowitz (1998)

Mean Reduction Walking VAS
Pain (mm) Compared to
Placebo (and 95% CI; from
figure)
Age <65 -12.0 (-20 to -4)
>65 -5.5 (-16 to 6)
Sex Women -17.0 (-17to 0)
Men -16.0 (-22 to -2)
BMI <305 -6.0 (-13 to 2)
> 30.5 -16.0 (-25 to -7)
Disease Severity "Moderate" -6.0 (-12.5t0 1.5)
"Severe" -10.5 (-25 to 2.0)
KL2 -9.0 (-17 to -1)
KL3 -7.0 (-13to 1)

Dahlberg, Lohmander, Ryd, et al. (1994) reported no beneficial effect of hyaluronan in the
presence of previous trauma (secondary disease). Henderson, Smith, Pegley, et al. (1994)

: Appendixes cited in this report are available electronically at http://www.ahrq.gov/clinic/tp/oakneetp.htm

T For example, taking into account the potential variability in heterogeneity present in the 5 to 13 week overall VAS pain estimate
in Bellamy, Campbell, Robinson et al. (2006) would increase the width of the estimated 95 percent confidence interval from
(-17.8 to -8.2) to (-19.8 to -6.2) or 42 percent (see Viechtbauer, 2006 for analytical details).

t Recognizing that confidence intervals can overlap as much as 29 percent and still be potentially significant (van Belle, 2002).
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concluded that “hyaluronan offers no significant benefit over placebo during a five week
treatment period...” but also reported effects among those classified as Kellgren-Lawrence grade
2 and grades 3—4—each with separate control groups. At 5 weeks, the VAS pain score in the
Kellgren-Lawrence grade 2 hyaluronan arm improved -15.6 mm compared to -14.2 mm for
placebo arm; in the Kellgren-Lawrence grade 3-4 hyaluronan arm -8.7 mm, compared to -18.0
mm for placebo. Finally, Petrella, DiSilvestro, and Hildebrand (2002) reported no significant
differences within subgroups defined by age, sex, and BMI but estimates were not stated.

Comment. There is no evidence of differential effect of intra-articular hyaluronan according
to subgroups defined by age, sex, primary/secondary OA of the knee, BMI/weight, or disease
severity. However, the subgroup evidence is limited. The single positive subgroup finding
subsequently examined in a confirmatory RCT was not substantiated.

Results, Part I: Key Question 4 (Comparative Outcomes)

The single study comparing the interventions of interest to this Evidence Report was
conducted by Forster and Straw (2003). Forster and Straw (2003) randomized patients to
arthroscopic lavage and debridement or intra-articular Hyalgan®. It should be noted that the
Forster and Straw trial is the only study meeting selection criteria for this Evidence Report’s Key
Question 4, concerning the comparative short-term and long-term outcomes of
viscosupplements, glucosamine and chondroitin, or arthroscopic lavage and debridement. The
trial by Forster and Straw will be discussed separately, in Results, Part III, Key Question 4.

Conclusions: Part |

1. What are the Clinical Effectiveness and Harms of Intra-Articular Hyaluronic
Acid/Hyaluron Preparations Injections in Patients With Primary OA of the Knee?

e Results from 42 trials (N=5,843), all but one synthesized in various combinations in six
meta-analyses, generally show positive effects of viscosupplementation on pain and function
scores compared to placebo. However, the evidence on viscosupplementation is
accompanied by considerable uncertainty due to variable trial quality, potential publication
bias, and unclear clinical significance of the changes reported.

— The pooled effects from poor-quality trials were as much as twice those obtained from
higher-quality ones.

— There is evidence consistent with potential publication bias. Pooled results from small
trials (<100 patients) showed effects up to twice those of larger trials consistent with
selective publication of underpowered positive trials. Among trials of
viscosupplementation, those that have not been published in full text comprise
approximately 25 percent of the total patient population.

— Interpreting the clinical significance of pooled mean effects from the meta-analyses is
difficult; mean changes do not quantify proportions responding. Numbers needed to treat
cannot be calculated from mean changes.

e Trials of hylan G-F 20, the highest molecular weight cross-linked product, generally reported
better results than other trials.
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e Minor adverse events accompanying intra-articular injections are common, but the relative
risk accompanying hyaluronan injections over placebo appears to be small. Pseudoseptic
reactions associated with hyaluronans appear relatively uncommon but can be severe.

2. What are the Clinical Effectiveness and Harms of the Interventions of Interest in
Patients With Secondary OA of the Knee?

e We identified no studies enrolling patients with only secondary disease, or that stratified
randomization by primary and secondary disease. There is insufficient evidence to draw
conclusions about treatment outcomes in patients with secondary disease.

3. How do the Short-Term and Long-Term Outcomes of the Interventions of Interest
Differ by the Following Subpopulations: Age, Race/Ethnicity, Gender, Primary or
Secondary OA, Disease Severity and Duration, Weight (Body Mass Index), and Prior
Treatments?

e Four RCTs were identified examining any of the specified subgroups. None examined
race/ethnicity, disease duration, or prior treatment. In one trial, randomization was stratified
by disease severity; all other subgroup results were obtained in post-hoc analyses. There was
no evidence for differential effects according to subgroups defined by age, sex,
primary/disease, BMI/weight, or disease severity. One positive post-hoc subgroup analysis
found greater efficacy among older individuals with more severe disease, but was not
confirmed in a subsequent trial.

4. How do the Short-Term and Long-Term Outcomes of the Interventions of Interest
Compare for the Treatment of: Primary OA of the Knee; and Secondary OA of the Knee?

® No trials were identified comparing intra-articular hyaluronan to glucosamine and/or
chondroitin. A single, small, underpowered, poor quality trial found no difference in
outcome measures comparing intra-articular hyaluronan to arthroscopy and debridement over
a 1-year followup. There is insufficient evidence to draw conclusions regarding comparative
efficacy of the interventions.

Part Il: Glucosamine/Chondroitin Effectiveness and Harms

We used the results of study-level meta-analyses (MAs) and additional randomized
controlled trials (RCTs) that were not included in the MAs to address the Key Questions of this
Evidence Report on osteoarthritis (OA) of the knee.
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Literature Overview

This section of the Evidence Report includes six MAs and five RCTs not included in the
MAs." In this section, we provide a brief descriptive overview of the MAs and identify the
additional RCTs. Our systematic review of the literature did not identify any patient-level MAs
on these interventions.

Summary Description of Meta-Analyses. Six MAs comprising a total of 21 individual
RCTs of glucosamine (total N=2,495) and 12 RCTs of chondroitin (total N=548) were published
between 2000 and 2006 (Table 25). Four reported on glucosamine administered alone and three
evaluated chondroitin administered alone. In one MA, the authors pooled data from primary
studies of glucosamine and chondroitin (Richy, Bruyere, Ethgen, et al., 2003). Four of the MAs
included RCTs with active controls; the balance utilized placebo controls. Two of the MAs used
a pain measure as the primary clinical outcome (Bjordal, Klovning, Ljunggren, et al., 2006;
McAlindon, LaValley, Gulin, et al., 2000). The other four MAs examined additional efficacy
parameters such as function, radiographic effects on cartilage structure, and adverse events. The
individual study composition of the MAs and RCT characteristics are presented in detail in the
following section of this Evidence Report.

Additional Randomized Trials. Five randomized, double-blind, placebo-controlled trials
that were not included in any of the MAs met our study selection criteria (Table 26). Most
notable among these is a large (n=1,583) multicenter, five-arm, National Institutes of Health-
(NIH-) sponsored study that evaluated the efficacy and safety of orally administered
glucosamine, chondroitin, or both together versus an oral placebo or an active control (celecoxib)
in patients with OA of the knee (Clegg, Reda, Harris, et al., 2006). Two RCTs compared the
clinical efficacy and tolerability of orally administered chondroitin sulfate versus placebo
(Michel, Stucki, Frey, et al., 2005; Uebelhart, Malaise, Marcolongo, et al., 2004). One study
examined the efficacy of combination treatment with glucosamine and chondroitin versus
placebo (Das and Hammad, 2000). These will be considered in detail in the following Results
section.

" As the final Evidence Report was in press, we found a new meta-analysis on chondroitin (Bana, Jamard, Verrouil, et al., 2006).
Published in a European annual journal, it found modest effects favoring chondroitin on VAS pain and Lequesne Index; however,
it excluded many papers and provided very few details on how meta-analysis was performed. In particular, no information was
offered on pooling methods, whether heterogeneity was assessed, whether publication bias was assessed, and whether
heterogeneity was explored by subgroup/sensitivity analysis or meta-regression. The findings of this poor-quality meta-analysis
do not conflict with the other meta-analyses included in this section and do not alter the conclusions of this Evidence Report.

T As the final Evidence Report was in press, an additional RCT of chondroitin sulfate was identified (Mazieres, Hucher, Zaim, et
al., 2007). For one of two primary outcomes, VAS pain on activity, there was significantly greater change in the chondroitin
group (mean -26.2.sd 24.9) compared with the placebo group (mean -19.9, sd 23.5, p=.029). There was no significant difference
in the other primary outcome, function on the Lequesne Index (p=.109). Three secondary outcomes significantly favored
chondroitin and seven secondary outcomes did not differ between groups. This study does not change the conclusions of this
Evidence Report.
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Table 25. Summary description of meta-analyses of glucosamine and chondroitin in knee osteoarthritis

Key No. of RCTs
Industry | Question(s) Included RCT Included
MA Author, | Funding Addressed Design (total pts) Outcomes Reported
Year of MA 1/2|3|4|DB|SB | PC | AC C G Pain | Func | Struc | AEs
Bjordal et 6 7
al., 2006 NR X | X X X X (362) | (401) X
Towheed et 20
al., 2006 NR X | X X X X NA (2,596) | X X X
Poolsup et 2
al., 2005 NR X X X NA (414) X X X X
Richy et al., 8 7
2003 NR X | X X X (855) | (1,203) | X X X X
Leeb et al., 7
2000 NR X | X X X X (703) | NA X X X
McAlindon 9 6
etal., 2000 | NR X | X X X X (799) | (1,118) | X
No. RCTs Pooled (Total in Literature) 12 21

AC: active-controlled; AEs: adverse events; C: chondroitin; DB: double-blind; G: glucosamine; Func: function; NR: not reported; PC:
placebo-controlled; pts: patients; SB: single-blind; Struc: structural; RCT: randomized controlled trial;

Table 26. Additional RCTs not included in glucosamine and chondroitin meta-analyses

Study No. Pts per Study Arm Duration Outcomes Reported
G C G/IC Pl Act (wks) Pain Func Struc AEs
|2-|§5r7ero-Beaumont et al., 106 104 108 24 X X X
Clegg et al., 2006 317 | 318 | 317 313 | 318 | 24 X X X
Michel et al., 2005 150 150 104 X X X X
Uebelhart et al., 2004 54 56 52 X X X X
Das and Hammad, 2000 46 47 24 X X X X

Act: active; AEs: adverse events; C: chondroitin; G: glucosamine; G/C: glucosamine plus chondroitin; PI: placebo; Func: function;
Struc: structural; wks: weeks

Results, Part ll: Key Questions 1 and 2

Detailed Description of the Meta-Analyses. Appendix C’, Table IIA presents a detailed
summary of the meta-analyses. Primary literature for each MA was compiled through searches
of electronic databases (e.g., MEDLINE®, EMBASE, Cochrane Controlled Trials Register,
BIOSIS, HealthSTAR) using prespecified protocols. Searches generally started from the
inception of each database, with a cutoff just prior to publication of the MA. Manual searches of
meeting abstracts; scrutiny of reference lists of primary articles and other systematic reviews;
and hand searches of selected journals were conducted to identify studies that eluded the
systematic electronic searches.

Meta-Analysis Quality Evaluation. We used a validated method developed by Oxman and
Guyatt to assess the quality of the MAs based on nine questions related to aspects of their
composition, execution, and analysis. As shown in Table 27, quality scores ranged from 3 to 7.
The quality ratings of three MAs appear limited primarily by flaws in the scope and methods of
the literature search (Poolsup, Suthisisang, Channark, et al., 2005; Leeb, Schweitzer, Montag, et
al., 2000; McAlindon, LaValley, Gulin, et al., 2000). In addition, as described in the Methods
section, we performed quality ratings of the primary studies included in the MAs.

: Appendixes cited in this report are available electronically at http://www.ahrq.gov/clinic/tp/o