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INTRODUCTION

Skeletal muscle relaxants are a heterogeneous group of medications that are commonly
used to treat two different types of underlying conditions: spasticity from upper motor neuron
syndromes and muscular pain or spasms from peripheral musculoskeletal conditions.

Although they have by convention been classified into one group, the Food and Drug
Administration (FDA) has approved only a few medications in this class for treatment of
spasticity; the remainder are approved for treatment of musculoskeletal conditions. Here we
briefly review the definition of spasticity and the skeletal muscle relaxants commonly used to
treat spasticity versus those commonly used to treat musculoskeletal conditions.

Spasticity, although difficult to define precisely, is a clinical condition that has been
described as “a motor disorder characterized by velocity dependent increase in tonic stretch
reflexes (muscle tone) with exaggerated tendon jerks, resulting from hyper-excitability of the
stretch reflex, as one component of the upper motor neuron syndrome.” The upper motor
syndrome is a complex of signs and symptoms that, in addition to spasticity, can be associated
with exaggerated cutaneous reflexes, autonomic hyperreflexia, dystonia, contractures, paresis,
lack of dexterity, and fatigability.> Spasticity from the upper motor neuron syndrome can
result from a variety of conditions that affect the cortex or spinal cord. Some of the more
common conditions associated with spasticity requiring treatment include multiple sclerosis,?
spinal cord injury,* traumatic brain injury, cerebral palsy, and post-stroke syndrome.® In many
patients with these conditions, spasticity can be disabling and painful, and have a marked effect
on functional ability and quality of life.®

Common musculoskeletal conditions causing tenderness and muscle spasms include
fibromyalgia,” tension headaches,® myofascial pain syndrome, and mechanical low back or
neck pain. In these conditions, if muscle spasm is present, it is related to local factors
involving the affected muscle groups. There is no hypertonicity or hyperreflexia, and the other
symptoms associated with the upper motor neuron syndrome are not present. These conditions
are common in clinical practice and can cause significant disability and pain in some patients.
Skeletal muscle relaxants are one of several classes of medications (including antidepressants,
ﬁeuroleptics, anti-inflammatory agents, and opioids) frequently used to treat these conditions.”

Skeletal muscle relaxants have been approved for either treatment of spasticity or for
treatment of musculoskeletal conditions. Drugs classified as skeletal muscle relaxants are
baclofen, carisoprodol, chlorzoxazone, cyclobenzaprine, dantrolene, metaxalone,
methocarbamol, orphenadrine, and tizanidine. Only baclofen, dantrolene, and tizanidine are
approved for the treatment of spasticity. These three antispasticity medications act by different
mechanisms of action: baclofen blocks pre- and post-synaptic GABAg receptors,™* ** tizanidine
is a centrally acting agonist of a2 receptors,'* ** and dantrolene directly inhibits muscle
contraction by decreasing the release of calcium from skeletal muscle sarcoplasmic
reticulum.™® There are also medications from different classes that have been used to treat
spasticity. Diazepam, a benzodiazepine, was the first medication thought to be effective for
spasticity, and acts by central blockade of GABAA receptors.*”*® Other medications used to
treat spasticity but not formally approved for this indication include other benzodiazepines,
clonidine, gabapentin, and botulinum toxin.*®

The skeletal muscle relaxants carisoprodol, chlorzoxazone, cyclobenzaprine,
metaxalone, methocarbamol, and orphenadrine have been approved for treatment of
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musculoskeletal disorders, and not for spasticity. They constitute a heterogeneous group of
medications: cyclobenzaprine is closely related to the tricyclic antidepressants,® carisoprodol
is metabolized to meprobamate,”® methocarbamol is structurally related to mephenesin,™
chlorzoxazone is a benzoxazolone derivative,?* and orphenadrine is derived from
diphenhydramine.?? For most of these agents, the mechanism of action is unclear, but may in
part be related to sedative effects. These drugs are often used for treatment of musculoskeletal
conditions whether muscle spasm is present or not.** Although there is some overlap between
clinical usage (tizanidine in particular has been studied for use in patients with musculoskeletal
complaints),? in clinical practice each skeletal muscle relaxant is primarily used for either
spasticity or for musculoskeletal conditions.

In 2001, the Oregon Legislature passed Senate Bill 819, which mandated the
development of a Practitioner-Managed Prescription Drug Plan (PMPDP) for the Oregon
Health Plan (OHP). As part of this process, it required that an evidence-based review of the
state's most expensive drug classes be performed. The Oregon Health Resources Commission
(OHRC) requested a review of the skeletal muscle relaxant drug class in patients with
spasticity as well as in patients with musculoskeletal conditions. The OHRC requested
information about whether there is evidence that one or more skeletal muscle relaxant is
superior to others in terms of efficacy and safety.

Scope and Key Questions

The scope of the review and key questions were developed and refined with input from an
OHC subcommittee comprised of statewide experts (pharmacists, primary care clinicians,
neurologists, psychiatrists, and representatives of the public). In consultation with the
subcommittee, we selected the following key questions to guide the review:

1. What is the comparative efficacy of different muscle relaxants in reducing symptoms
and improving functional outcomes in patients with a chronic neurologic condition
associated with spasticity, or a chronic or acute musculoskeletal condition with or
without muscle spasms?

2. What are the comparative incidence and nature of adverse effects (including addiction
and abuse) of different muscle relaxants in patients with a chronic neurologic condition
associated with spasticity, or a chronic or acute musculoskeletal condition with or
without muscle spasms?

3. Are there subpopulations of patients for which one muscle relaxant is more effective or
associated with fewer adverse effects?

Several aspects of the key questions deserve comment:

Population. The population included in this review is adult or pediatric patients with
spasticity or a musculoskeletal condition. We defined spasticity as muscle spasms associated
with an upper motor neuron syndrome. Musculoskeletal conditions were defined as peripheral
conditions resulting in muscle or soft tissue pain or spasms. We included patients with
nocturnal leg cramps to determine whether medications in the skeletal muscle relaxant class are
effective for this particular condition. We excluded obstetric patients and dialysis patients.
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Senate Bill 819 specifically excludes patients with HIV and patients with cancer. We also
excluded patients with restless legs syndrome or nocturnal myoclonus.

Drugs. We included oral drugs classified as skeletal muscle relaxants. Drugs that we
identified as skeletal muscle relaxants were baclofen, carisoprodol, chlorzoxazone,
cyclobenzaprine, dantrolene, metaxalone, methocarbamol, orphenadrine, and tizanidine.
Because Senate Bill 819 specifically excludes drugs used to treat psychiatric conditions from
this process, tricyclic antidepressants and benzodiazepenes were not considered primary drugs
in this report, although diazepam, clonazepam, and clorazepate were reviewed when they were
compared in head-to-head studies with other skeletal muscle relaxants. Other medications used
for spasticity but considered to be in another drug class, such as gabapentin (a neuroleptic) and
clonidine (an antihypertensive), were also only reviewed when they were directly compared to
an included skeletal muscle relaxant. Quinine was included only if it was compared to a
skeletal muscle relaxant for treatment of nocturnal leg cramps.

The dose of skeletal muscle relaxants used in trials may affect either the efficacy or
adverse event profile. One clinical trial** evaluated cyclobenzaprine 10 mg tid and 20 mg tid
and found equivalent efficacy, but increased adverse events with the higher dose. A study on
dantrolene also found a “ceiling’ effect with dantrolene doses of 200 mg daily, with no
increased efficacy but more side effects above that dose.?®> Most trials titrated skeletal muscle
relaxants to the maximum tolerated dose or a pre-specified ceiling dose, but methods of
titration and target doses have not been standardized.

Outcomes. The main efficacy measures were relief of muscle spasms or pain,
functional status, quality of life, withdrawal rates, and adverse effects (including sedation,
addiction, and abuse). We excluded non-clinical outcomes such as electromyogram
measurements or spring tension measurements. There is no single accepted standard on how to
measure the included outcomes. Clinical trials of skeletal muscle relaxants have often used
different scales to measure important clinical outcomes such as spasticity, pain, or muscle
strength.?® Many trials have used unvalidated or poorly described methods of outcome
assessment. Studies that use the same scale often report results differently (for example, mean
raw scores after treatment, mean improvement from baseline, or number of patients
“improved”). All of these factors make comparisons across trials difficult.

Spasticity is an especially difficult outcome to measure objectively. The most widely
used standardized scales to measure spasticity in patients with upper motor neuron syndromes
are the Ashworth?’ and modified Ashworth®® scales. In these scales, the assessor tests the
resistance to passive movement about a joint and grades it on a scale of 0 (no increase in tone)
to 4 (limb rigid in flexion or extension). The modified Ashworth scale adds a “1+” rating
between the 1 and 2 ratings of the Ashworth scale. For both of these scales, the scores are
usually added for four lower and four upper limb joints, for a total possible score of 0-32,
though scoring methods can vary. The Ashworth scale has been found to have moderate
reliability.? Some experts have pointed out that resistance to passive movement may be a
better measure of tone than spasticity and that the Ashworth scale and other *objective’
measures of spasticity may not correlate well with patient symptoms or functional ability.*
Other areas of uncertainty regard the significance of the 1+ rating in the modified Ashworth
scale and how a non-continuous ordinal variable should be statistically analyzed.* An
important advantage of the Ashworth scale is that it is a consistent way to measure spasticity or
tone across studies, and has been found to have moderate reproducibility.”® Other measures of
spasticity include the pendulum test, muscle spasm counts, and patient assessment of spasticity
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severity on a variety of numerical (e.g., 1-3, 1-4, 0-4) or categorical (e.g., none, mild,
moderate, severe) scales. The best technique may be to perform both objective and subjective
assessments of spasticity, but validated subjective assessment techniques of spasticity are
lacking.

Muscle strength is usually assessed with the time-honored British Medical Research
Council Scale, which is based on the observation of resistance provided by voluntary muscle
activity and used in everyday clinical practice.”® An assessor grades each muscle or muscle
group independently on a scale of 0 (no observed muscle activation) to 5 (full strength). This
scale was originally devised to test the strength of polio survivors, and data regarding its
reliability and validity in assessing spastic and weak patients is not available.

Most studies measure pain using either visual analogue or categorical pain scales.
Visual analogue scales (VAS) consist of a line on a piece of paper labeled 0 at one end,
indicating no pain, and a maximum number (commonly 100) at the other, indicating
excruciating pain. Patients designate their current pain level on the line. An advantage of
VAS is that they provide a continuous range of values for relative severity. A disadvantage is
that the meaning of a pain score for any individual patient remains arbitrary. Categorical pain
scales, on the other hand, consist of several pain category options from which a patient must
choose (e.g., no pain, mild, moderate, or severe). A disadvantage of categorical scales is that
patients must chose between categories that may not accurately describe their pain. The best
approach may be to utilize both methods.** Pain control (improvement in pain) and pain relief
(resolution of pain) are also measured using visual analogue and categorical scales.

Studies can evaluate functional status using either disease-specific or non-specific
scales. These scales measure how well an individual functions physically, socially,
cognitively, and psychologically. Disease-specific scales tend to be more sensitive to changes
in status for that particular condition, but non-specific scales allow for some comparisons of
functional status between conditions. The most commonly used disease-specific measure of
functional and disability status in patients with multiple sclerosis, for example, is the Kurtzke
Extended Disability Status Scale (EDSS).*? The EDSS measures both disability and
impairment, combining the results of a neurological examination and functional assessments of
eight domains into an overall score of 0-10 (in 0.5 increments). The overall score of the EDSS
is heavily weighted toward ambulation and the inter-rater reliability has been found to be
moderate.®* Disease-specific scales are also available for fibromyalgia,® ** low back pain,
cerebral palsy, and other musculoskeletal and spastic conditions.

Scales that are not disease-specific include the Medical Outcomes Study Short Form-36
(SF-36), Short Form-12 (SF-12), or another multi-question assessment. Another approach to
measuring function is to focus on how well the medication helps problems in daily living
commonly faced by patients with spasticity or musculoskeletal conditions, such as getting
enough sleep or staying focused on the job. Some studies also report effects on mood and the
preference for one medication over another.

The subcommittee selected the following adverse events for our review: somnolence or
fatigue, dizziness, dry mouth, weakness, abuse, and addiction. We also paid special attention
to reports of serious hepatic injury.®* These were the adverse events felt by the subcommittee
to be the most common and potentially troubling adverse events in clinical practice. We
recorded rates of these adverse events as well as rates of discontinuation due to a particular
adverse effect. In some studies, only “serious” adverse events or adverse events “thought
related to treatment medication” are reported. Many studies do not define these terms. The
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subcommittee specifically requested that we examine whether skeletal muscle relaxants differ
in the risk of abuse and addiction. We recorded any information about abuse and addiction,
including rates of death and hospitalization when available.

Because of inconsistent reporting of outcomes, withdrawal rates may be a more reliable
measure in studies of skeletal muscle relaxants. This outcome may be a surrogate measure for
either clinical efficacy or adverse events. High withdrawal rates probably indicate some
combination of poor tolerability and ineffectiveness. An important subset is withdrawal due to
any adverse event (those who discontinue specifically because of adverse effects).

Study types. We included controlled clinical trials to evaluate efficacy. The validity of
controlled trials depends on how they are designed. Randomized, properly blinded clinical
trials are considered the highest level of evidence for assessing efficacy.®**® Clinical trials that
are not randomized or blinded, and those that have other methodologic flaws, are less reliable,
but are also discussed in our report.

Trials that compared one skeletal muscle relaxant to another skeletal muscle relaxant
provided direct evidence of comparative efficacy and adverse event rates. Trials that compared
skeletal muscle relaxants to other active medications or placebos provided indirect comparative
data.

To evaluate adverse event rates, we included clinical trials and large, high-quality
observational cohort studies. Clinical trials are often not designed to assess adverse events, and
may select patients at low-risk for adverse events (in order to minimize dropout rates) or utilize
methodology inadequate for assessing adverse events. Observational studies designed to
assess adverse event rates may include broader populations, carry out observations over a
longer time period, utilize higher quality methodologic techniques for assessing adverse events,
or examine larger sample sizes. Case reports and case series in which the proportion of
patients suffering an adverse event could not be calculated were not systematically reviewed.

METHODS
Literature Search

To identify articles relevant to each key question, we searched, in order, the Evidence-
Based Medicine Library (2002, Issue 1) (from the Cochrane Collaboration), MEDLINE (1966-
2003), EMBASE (1980-2003), and reference lists of review articles. In electronic searches, we
combined terms for spasticity, conditions associated with spasticity, and musculoskeletal
disorders with included skeletal muscle relaxants (see Appendix A for complete search
strategy). In addition, the State of Oregon created and disseminated a protocol to
pharmaceutical manufacturers for the submission of clinical and economic evaluation data to
the Evidence-based Practice Center. All citations were imported into an electronic database
(EndNote 6.0). Searches on the electronic databases were carried out through January 2003,
using updates on electronic databases after the initial searches.

Study Selection

All English-language titles and abstracts and suggested additional citations were
reviewed for inclusion, using criteria developed by the research team with input from the
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subcommittee. We obtained full-text articles if the title and abstract review met the following
eligibility criteria:

1. Systematic reviews of the clinical efficacy or adverse event rates of skeletal muscle
relaxants for spasticity or musculoskeletal conditions OR

2. Randomized controlled trials that compared one of the included skeletal muscle relaxants
listed to another included skeletal muscle relaxant, other antispasticity or muscle relaxant
treatment (diazepam, gabapentin, clonidine, chlorazepate, clonazepam, or quinine), or
placebo in adult patients with spasticity or musculoskeletal conditions OR

3. Randomized controlled trials and large, high quality observational studies that reported
adverse event rates for one of the skeletal muscle relaxants listed above.

We re-applied these eligibility criteria to the full-text articles, ensuring that the clinical
efficacy or adverse event rates from specific skeletal muscle relaxants were reported or could
be calculated. While studies of longer duration are preferred, we had no lower limit on the
length of follow-up, but excluded “single-dose studies,” which examine the effects of a single
dose of medication rather than a course of treatment. We also excluded trials in which an
included skeletal muscle relaxant was combined with an analgesic medication, unless the
comparison arm included the same analgesic medication and dose. We excluded abstracts and
unpublished trials unless the unpublished data was submitted by a pharmaceutical company,
and included only English-language studies.

Searches identified 3,838 citations: 335 from the Evidence-Based Medicine (Cochrane)
Library, 1,155 from MEDLINE, 2,314 from EMBASE, and 34 from reference lists. We
received no pharmaceutical company submissions. We identified 368 reports of clinical trials
and excluded 227 of these (see Appendix B for detailed search results). Sixty-seven were
excluded because they did not evaluate an included population, 148 were excluded because
they did not evaluate an included intervention (skeletal muscle relaxant), eight were excluded
because they did not evaluate an included outcome (spasms, pain, strength, functional ability,
or adverse events), and four were excluded because they were not English-language. We
retrieved 141 reports on clinical trials for more detailed evaluation. After this second review,
we excluded 48: 36 because they did not evaluate an included intervention, one because it did
not evaluate an included population, one because it did not contain original data, two because
they did not evaluate an included outcome, five because of study design (results published in
another reviewed trial, not a controlled trial, or no data), and three because they were not
English-language. Ninety-three reports presenting data for 95 randomized controlled trials
provided usable data and are included in evidence tables. We also identified four relevant
systematic reviews and three meta-analyses.

Data Abstraction

One reviewer abstracted the following data from included trials: study design, setting,
population characteristics (including sex, age, race, diagnosis), eligibility and exclusion
criteria, interventions (dose and duration), comparisons, numbers screened, eligible, enrolled,
and lost to follow-up, method of outcome ascertainment (e.g., scales used), and results for each
outcome. We recorded intention-to-treat results if available and the trial did not report high
overall loss to follow-up. In trials with crossover, outcomes for the first intervention were

10
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recorded if available. This was because of the potential for differential withdrawal prior to
crossover biasing subsequent results and the possibility of either a “carryover effect” (from the
first treatment) in studies without a washout period, or “rebound” spasticity> from withdrawal
of the first intervention. A second reviewer checked all data.

Quality Assessment

We assessed quality of trials based on the predefined criteria listed in Appendix C,
which were submitted to the Health Resources Commission in December 2001 and updated in
February 2003. We rated the internal validity of each trial based on the methods used for
randomization, allocation concealment, and blinding; the similarity of compared groups at
baseline; maintenance of comparable groups; adequate reporting of dropouts, attrition,
crossover, adherence, and contamination; loss to follow-up; and the use of intention-to-treat
analysis. External validity of trials was assessed based on adequately describing the study
population, similarity of patients to other populations to whom the intervention would be
applied, control group receiving comparable treatment, funding source, and role of the funder.

Overall quality was assigned based on criteria developed by the US Preventive Services
Task Force and the National Health Service Centre for Reviews and Dissemination (UK).*" %
Trials that had a fatal flaw in one or more categories were rated poor-quality; trials that met all
criteria were rated good-quality; the remainder were rated fair-quality. As the “fair-quality”
category is broad, studies with this rating vary in their strengths and weaknesses: the results of
some fair-quality studies are unlikely to be valid, while others are probably or likely to be valid.
A “poor-quality” trial is not valid—the results are at least as likely to reflect flaws in the study
design rather than true differences between the compared drugs. A particular randomized trial
might receive two different ratings: one for efficacy and another for adverse events.

Because many of the studies that we reviewed were conducted in the 1970s and early
1980s, when standards for reporting clinical trial methodology were generally less stringent,
many of these trials did not discuss their methods in what would today be considered adequate
detail.® This made rating the quality of these studies difficult, particularly when comparing
their methods to more recent studies. In general, not reporting specific areas of methodology
(such as randomization, allocation concealment, or blinding technique) was not considered a
“fatal flaw,” but did prevent a trial from achieving a “good” rating for that particular criterion.

Appendix D shows the criteria we used to rate studies reporting adverse events. These
criteria reflect aspects of the study design that are particularly important for assessing adverse
event rates. We rated studies as good-quality for adverse event assessment if they adequately
met six or more of the seven pre-defined criteria, fair if they met three to five criteria, and poor
if they met two or fewer criteria.

After assignment of quality ratings by the initial reviewer, a second reviewer
independently assigned a quality rating. Overall quality rating and quality rating scores (for
studies on adverse event assessment) were compared between reviewers. If overall quality
ratings differed, the two reviewers came to consensus prior to assigning a final quality rating.

11
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Data Synthesis

We constructed evidence tables showing the study characteristics, quality ratings, and
results for all included studies. Poor-quality studies would usually be excluded from evidence
tables, but we included them to ensure that the subcommittee is familiar with their limitations.

To assess the overall strength of evidence for a body of literature about a particular key
question, we examined the consistency of study designs, patient populations, interventions, and
results. Consistent results from good-quality studies across a broad range of populations would
suggest a high degree of certainty that the results of the studies were true (that is, the entire
body of evidence would be considered “good-quality.”) For a body of fair-quality studies,
however, consistent results may indicate that similar biases are operating in all the studies.
Unvalidated assessment techniques or heterogeneous reporting methods for important
outcomes may weaken the overall body of evidence for that particular outcome or make it
difficult to accurately estimate the true magnitude of benefit or harm.

RESULTS

Overview of included studies

We identified four systematic reviews?® “°*? (Table 1) and three meta-analyses (not
systematic)***® that evaluated the efficacy of skeletal muscle relaxants in patients with
spasticity or musculoskeletal conditions (Evidence Tables 1 and 2). One systematic review
evaluated the effectiveness of quinine for nocturnal leg cramps, but did not evaluate other
skeletal muscle relaxants, and was excluded from further review.*® We identified 95
randomized trials that evaluated included skeletal muscle relaxants for spasticity (54 trials
reported in 53 publications, Tables 2 and 3) or for musculoskeletal conditions (41 trials
reported in 40 publications, Tables 4 and 5).

Overview of systematic reviews and trials in patients with spasticity

Three systematic reviews evaluated skeletal muscle relaxants in patients with spasticity
(Table 1). One evaluated anti-spasticity agents in patients with multiple sclerosis,?® one
evaluated a variety of agents in patients with spinal cord injury,** and one evaluated tizanidine
in patients with spasticity from different conditions.** We also identified two meta-analyses
(not systematic) that evaluated the efficacy of tizanidine in patients with spasticity.**> These
meta-analyses evaluated primarily unpublished trials conducted by the manufacturer of
tizanidine (Evidence Table 1).

Of 54 trials that evaluated included skeletal muscle relaxants in patients with spasticity,
17 were head-to-head trials of one skeletal muscle relaxant versus another (Table 2). One
publication reported results of two different head-to-head trials.*’ Eight trials directly
compared tizanidine to baclofen.*® *"** Another eight trials compared an included skeletal
muscle relaxant to diazepam: Two trials evaluated tizanidine,*”>* three evaluated baclofen,>>
> and three evaluated dantrolene.”®*®® We identified one trial of clonidine and baclofen in
patients with spinal cord injury.** We found no other head-to-head trials comparing an
included skeletal muscle relaxant to gabapentin, clonidine, or other benzodiazepines. Of the

12
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included trials, ten used a crossover design,*® > °*°>%! and the remainder were parallel-group

trials. The trials ranged in size from 13°° to 105> enrollees, with an average of 38 enrollees
(total enrolled=654). Ten of the trials focused on multiple sclerosis, 4730 52 53.35.57.60 5ja
post-stroke or head trauma,>* one children with cerebral palsy,> one spinal cord injury, ®* and
the remainder spasticity from various causes.*’>* %% 8

Except for one head-to-head trial lasting one year,™* all of the trials were of relatively
short duration, ranging from 2 to 8 weeks per intervention. All of the trials except one® were
published before 1990. One trial®’ enrolled only inpatients; the remainder enrolled outpatients
or did not specify whether enrollees were in- or outpatients. The majority of trials recruited
patients from specialty clinics, most commonly from neurology or rehabilitation practices, and
the majority were single center. Race was not reported in any trial. Females ranged from
13%° to 62%*"°" of enrolled patients. The average age of enrollees ranged from 39 to 52
years. Although elderly patients were included in most trials, no head-to-head trial specifically
evaluated only elderly patients. One trial included only children.*®

In addition to one head-to-head trial®® of dantrolene and diazepam that also included a
placebo arm, we identified 37 additional placebo-controlled trials (Table 3). Fourteen
evaluated baclofen,?*" 15 dantrolene,”®* six tizanidine,”® one chlorzoxazone,®” and one
cyclobenzaprine.®® Conditions evaluated in these studies were multiple sclerosis, cervical
myelopathy, cerebral palsy, post-stroke, traumatic brain injury, spinal cord injury, and
spasticity from various causes. Eight placebo-controlled trials evaluated children® " 7" 78 8L
82.87.97 and one specifically evaluated elderly post-stroke patients.®®

Overview of systematic reviews and trials in patients with musculoskeletal
conditions

We identified no systematic reviews of different skeletal muscle relaxants in patients
with musculoskeletal conditions. One systematic review compared cyclobenzaprine versus
placebo in patients with low back pain.”> This systematic review specifically excluded data on
skeletal muscle relaxants other than cyclobenzaprine (Table 1). One meta-analysis of
unpublished trials compared cyclobenzaprine to diazepam or placebo for various
musculoskeletal conditions (Evidence Table 2).*°

Of 41 trials of included skeletal muscle relaxants in patients with musculoskeletal
conditions, 11 were head-to-head trials of one skeletal muscle relaxant versus another (Table
4). One trial directly compared tizanidine to chlorzoxazone,*® one trial compared
cyclobenzaprine to methocarbamol,*® and one trial cyclobenzaprine to carisoprodol.'® Of
eight trials that compared an included skeletal muscle relaxant to diazepam, five trials reported
in four studies'®™** evaluated cyclobenzaprine, one trial evaluated carisoprodol'®® and two
trials'® 1% evaluated tizanidine. We identified no head-to-head trials of orphenadrine,
metaxalone, dantrolene, or baclofen in patients with musculoskeletal conditions. We also
identified no head-to-head trials comparing an included skeletal muscle relaxant to quinine or
another skeletal muscle relaxant in patients with nocturnal leg cramps. One trial'® was
excluded because it evaluated an included skeletal muscle relaxant versus chlormezanone, a
medication not available or approved in the United States. Three other were excluded because
they compared one skeletal muscle relaxant to the combination of a skeletal muscle relaxant
and analgesic.?> 1% 1% One trial was excluded because it only compared one dose of
cyclobenzaprine with another.?*

13
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The head-to-head trials ranged in size from 20'% to 227 enrollees, with an average of
90 enrollees (total enrolled=724). All focused on patients with back or neck pain and spasms;
one trial*® focused on patients with chronic symptoms and the remainder evaluated patients
with acute symptoms. The duration of all head-to-head trials was short, ranging from seven™
to 18" days. All of the trials were published before 1985. One trial'® enrolled only
inpatients; the remainder enrolled outpatients or did not specify whether enrollees were in- or
outpatients. All were single center trials except one multicenter trial.’®® Race was reported in
three trials and non-whites accounted for <15% of patients in these trials.*® ** 1% Females
ranged from 30%'% to over 55%"° of enrolled patients. The average age of enrollees ranged
from 37 to 52 years. Although elderly patients were included in most head-to-head trials, no
trial specifically evaluated only elderly patients and none included children.

In addition to six head-to-head trials (from five publications)™® °*% that included a
placebo arm, we also identified 30 placebo-controlled trials (Table 5). Four evaluated
carisoprodol,***™* 12 cyclobenzaprine,™>*?® one metaxalone,**” four orphenadrine,®* 1253
one baclofen,™*! two dantrolene,*% *** and six tizanidine.***** Three trials evaluated a skeletal
muscle relaxant with an equivalent analgesic in each arm and were included.*?"?° 333 Most
trials evaluated low back or neck syndromes alone or mixed with other musculoskeletal
conditions; some other conditions specifically evaluated were fibromyalgia,*'® *** ** tension
headaches,*?* 1% 138 and nocturnal leg cramps.’*® No placebo-controlled trials included
children; one trial**® of tension headaches only included women and one trial*?® evaluated
orphenadrine in elderly patients with nocturnal leg cramps.

1. What is the comparative efficacy of different muscle relaxants in reducing
symptoms and improving functional outcomes in patients with a chronic
neurologic condition associated with spasticity, or a chronic or acute
musculoskeletal condition with or without muscle spasms?

Patients with spasticity

Results of systematic reviews and meta-analyses. One good-quality systematic review®
evaluated various anti-spasticity agents, including skeletal muscle relaxants, for multiple
sclerosis (Table 1 and Evidence Table 1). It identified 11 head-to-head and 12 placebo-
controlled trials of skeletal muscle relaxants included in our review. Seven of the head-to-head
trials compared tizanidine to baclofen (including one German-language trial, one unpublished
trial and one abstract that were not included in our search). Other head-to-head trials were one
trial comparing baclofen to diazepam, one trial comparing dantrolene to diazepam, and two
trials comparing tizanidine to diazepam. Of the placebo-controlled trials, five evaluated
baclofen, four dantrolene, and three tizanidine. No evaluated trial was rated good quality.
Three of the seven trials comparing tizanidine to baclofen and two of the four trials comparing
included skeletal muscle relaxants to diazepam used the Ashworth scale as an outcome
measure; all studies used unvalidated measures of muscle strength. In the seven trials of
tizanidine vs. baclofen, no significant differences between interventions were found for
functional status or for spasticity, spasms, or clonus. Only two of the seven trials reported
changes in objective muscle power, with slightly more patients noting deterioration with
baclofen than tizanidine. Similarly, slightly more patients reported weakness with baclofen
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than tizanidine. In the four trials of included skeletal muscle relaxants versus diazepam, no
differences in efficacy were noted between interventions, but diazepam was usually associated
with increased sedation or tiredness, and generally was less preferred. In the reviewed
placebo-controlled trials, there was no pattern to suggest that one included skeletal muscle
relaxant was any better than others. Marked heterogeneity in study designs, interventions used,
and outcomes measured made meta-analysis of placebo-controlled trials impossible.

One systematic review evaluated pharmacologic interventions for spasticity following
spinal cord injury.** It was rated fair quality because the authors had not yet assessed 15
identified potentially relevant studies. Of the nine studies included, two were placebo-
controlled trials evaluating baclofen or tizanidine. None of the included trials evaluated
skeletal muscle relaxants head-to-head. No study was rated good quality. There was
insufficient evidence to judge the comparative efficacy of tizanidine versus baclofen from
these placebo-controlled studies.

One poor-quality systematic review* evaluated 20 studies of tizanidine versus baclofen
(14 studies) or diazepam (6 studies) in patients with multiple sclerosis (12 studies),
cerebrovascular disease (7), or amyotrophic lateral sclerosis (1). This systematic review
included both published and unpublished trials and was rated poor-quality because it did not
report methods used to identify trials, did not provide sufficient detail of included studies, and
did not rate the quality of included studies. Although it found some evidence of increased
effectiveness of tizanidine compared to baclofen and diazepam, it is not possible to determine
whether these conclusions are valid.

Two fair-quality meta-analyses (not systematic reviews) evaluated 11 unpublished trials
on tizanidine (n=137) versus baclofen (n=8) or diazepam (n=3) (Table 1).**** Authors of
these trials were employed by the pharmaceutical company marketing tizanidine in the U.S.
These studies were rated fair-quality because they did not adequately report details of included
studies (Evidence Table 1). Both studies evaluated the same trials, and found no significant
differences between tizanidine and diazepam or baclofen for outcomes of tone (Ashworth
scale) or muscle strength (summed BMRC strength scores).

Results of head-to-head trials. None of the 17 head-to-head trials of skeletal muscle
relaxant in patients with spasticity was rated good quality. All studies had at least two of the
following methodological flaws: randomization technique not described, eligibility criteria not
described, blinding technique not described, allocation concealment technique not described, or
high loss to follow-up (Evidence Table 3). Adequate blinding is an especially important factor
in studies using subjective outcomes, such as patient preference, global assessments, spasm
severity, or pain. One trial was rated poor-quality because it was not randomized and did not
perform blinding; the remainder were rated fair-quality.”* Possible confounding factors in
these trials included different methods of medication titration or target doses, differential
withdrawals during the first intervention period in crossover trials, and previous use of an
intervention or other muscle relaxant, which was inconsistently reported. In crossover trials,
results of the first intervention were usually not reported.

Of the eight trials of tizanidine vs. baclofen, average dose ranged from 11 mg/day *’ to
24 mg/day™® > > and the dose of baclofen ranged from 15 mg/day*® to 90 mg/day.* Most
trials evaluated patients with multiple sclerosis, though one trial also evaluated patients with
cervical myelopathy,*’ one also evaluated patients with syringomyelia,>’and another did not
describe the underlying condition causing spasticity.™
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In each of these eight trials, tizanidine and baclofen appeared roughly equivalent for
efficacy (Table 2 and Evidence Table 3). Outcomes measured included muscle tone, muscle
spasm, clonus, functional assessments, patient or physician global assessments, and patient or
physician preference. These outcomes were assessed using a variety of methods, including
unvalidated or unspecified scales. Six trials®® *"**>3 ysed the Ashworth scale to measure
spasticity or tone, but methods of reporting these results were inconsistent and raw scores were
usually not presented. In most trials, regardless of the method used to assess outcomes,
patients receiving either baclofen or tizanidine reported significant improvements in spasticity,
clonus, and overall improvement compared to baseline. The longest trial (52 weeks compared
to 8 weeks or less) reported results similar to shorter trials.>® The overall withdrawal rate was
higher with baclofen than with tizanidine in three out of seven trials,*®**>! and roughly
equivalent in the other four. Of the three trials with differential withdrawal rates, two had low
numbers of overall withdrawals (five in each trial), making the significance of these
differential rates difficult to assess. In two of the trials,*® >* withdrawals due to adverse events
accounted for most of the observed differences in overall withdrawal rates (see below).

In the eight trials of tizanidine, baclofen, or dantrolene versus diazepam, there was no
pattern to suggest that any of these skeletal muscle relaxants was superior to the others for
assessed clinical outcomes including spasm, strength, functional status, or patient
preference.(Table 2 and Evidence Table 3) Although one trial reported higher patient
preference for baclofen over diazepam®’ and another for dantrolene over diazepam®, unclear
blinding techniques make these results difficult to interpret. Differences in study design,
patient populations, outcomes evaluated, and similar efficacy of each skeletal muscle relaxant
compared to diazepam in individual trials made it impossible to make accurate judgments
about the comparative efficacy of tizanidine, baclofen, and dantrolene from these trials as a
whole.

The one trial comparing baclofen to clonidine was rated poor-quality because it was not
randomized and did not perform blinding.** This trial found no differences between baclofen
and clonidine for spasticity and was not included in the Tables.

In all head-to-head trials, external validity was difficult to assess. Numbers screened
and enrolled were usually not reported, eligibility and exclusion criteria were often poorly
specified, and funding sources were not stated. When exclusion criteria were reported,
numbers of patients excluded for each criterion was not reported.

Results of placebo-controlled trials. None of the 37 placebo-controlled trials was rated
good quality (Evidence Table 4). Main results from placebo-controlled trials for spasticity are
summarized in Table 3, including results from the one head-to-head trial®® that also had a
placebo arm. Most of the placebo-controlled trials found either significant benefits or trends
towards benefit from baclofen, dantrolene, and tizanidine compared to placebo for spasticity,
functional ability, and strength. However, because of the use of unvalidated outcomes scales
and inconsistent methods for reporting outcomes, the magnitude of benefit for each of these
medications compared to placebo could not be accurately gauged. There was inadequate
evidence from 1 trial®” of chlorzoxazone (rated poor quality) and one trial®® of cyclobenzaprine
(no significant differences) to show that these skeletal muscle relaxants are effective for
treatment of spasticity. These two medications are not approved for this indication.
Meta-analysis could not be performed on the placebo-controlled trials because of
marked differences in interventions (doses used and methods of titration), trial designs,
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populations studied, outcomes scales, and methods for reporting outcomes. No reliable
conclusions about the comparative efficacy of different skeletal muscle relaxants can be drawn
from these placebo-controlled trials.

Summary. There is fair evidence from eight fair-quality head-to-head trials and one fair-
quality meta-analysis of eight unpublished trials that tizanidine and baclofen are roughly
equivalent for clinical efficacy. There is inadequate evidence from head-to-head or placebo-
controlled trials to assess the comparative efficacy of dantrolene with tizanidine or baclofen.
In trials that have directly compared baclofen, tizanidine, or dantrolene to diazepam, efficacy
of each medication appears to be similar to diazepam. There is fair-quality evidence from
placebo-controlled trials that tizanidine, baclofen, and dantrolene are effective in the treatment
of spasticity. There is no evidence from clinical trials that other included skeletal muscle
relaxants are effective for treatment of spasticity. Our findings are similar to those of a recent
good-quality systematic review of antispasticity agents in multiple sclerosis.?®

Patients with musculoskeletal conditions

Results of systematic reviews and meta-analyses. One good-quality systematic review
evaluated the efficacy of cyclobenzaprine versus placebo for treatment of back pain (Table 1
and Evidence Table 2). This systematic review examined 14 trials of fair average quality (one
abstract and eight sponsored by a pharmaceutical company) and found that cyclobenzaprine
was associated with a higher likelihood of symptom improvement by day 14 (odds ratio 4.7;
95% confidence interval (Cl), 2.7-8.1) compared to placebo, with a modest magnitude of
improvement (effect size 0.38-0.58) for five outcomes: local pain, muscle spasm, tenderness to
palpation, range of motion, and activities of daily living. Information regarding other skeletal
muscle relaxants evaluated in included trials (diazepam and methocarbamol) was specifically
excluded from analysis in this systematic review.

One fair-quality meta-analysis evaluated the comparative efficacy of cyclobenzaprine,
diazepam and placebo (Table 1 and Evidence Table 2).*> This study summarized results of 20
unpublished short-term (2 week) trials performed in the U.S. in 1153 patients with muscle
spasm; the authors were employed by Merck Laboratories. It included patients with post-
traumatic injury, musculoskeletal strain, radiculopathy, and osteoarthritis. This meta-analysis
was rated fair-quality because it did not adequately describe included trials and used an
unvalidated method to measure “‘global response’. This study found that the ‘global response’
was equivalent for cyclobenzaprine and diazepam (66% marked or moderate improvement)
and significantly better than placebo (40%).

Results of head-to-head trials. None of the 11 head-to-head trials was rated good-quality;
all had at least two important methodological flaws (Evidence Table 5). All trials were rated
fair except one trial of cyclobenzaprine versus diazepam that was rated poor because in
addition to other flaws, it only reported results for 52 of the 105 enrollees, and did not account
for these patients.’® Of the fair-quality trials, the trial that appeared to be of best quality
compared carisoprodol and diazepam.'® In this trial, allocation concealment techniques were
not described and unvalidated methods of assessing outcomes were used. Carisoprodol was
found to be significantly superior to diazepam using unvalidated methods to assess stiffness,
tension, and relief, with average differences for carisoprodol compared to diazepam averaging
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about 0.5 on a 1-5 scale.'® No significant differences were seen for pain, activity impairment,
or sleep impairment.

In other head-to-head trials, a variety of methods were used for measuring outcomes,
including various scales for pain (4, 5, or 9 point scales and visual analogue scales), tenderness,
and functional status. Most assessment scales were unvalidated, and methods of reporting
these outcomes were inconsistent. Functional status was either not measured or assessed using
unstandardized and unvalidated methods. Doses of medications investigated were
cyclobenzaprine 10 to 20 mg tid; tizanidine 2 to 8 mg tid, chlorzoxazone 500 mg tid,
carisoprodol 350 mg qid, and diazepam 5 t010 mg tid (Table 4). In these trials, there was no
clear evidence that one skeletal muscle relaxant was superior to any other for efficacy. Ina
trial comparing tizanidine and chlorzoxazone in patients with back pain,” there were no
significant differences between treatments for muscle pain, muscle tension, tenderness, and
activity. More patients reported ‘excellent’ overall results with tizanidine (57%) compared to
chlorzoxazone (23%), but similar proportions of patients reported ‘good or excellent’ results
(79% vs. 69%). A trial of cyclobenzaprine versus methocarbamol in patients with localized
muscle spasm found that there were no significant differences in proportion of patients
reporting absent or mild muscle spasm, limitation or motion, or limitation of daily activities.*®
A slightly greater proportion of patients on cyclobenzaprine reported mild or absent local pain
compared to methocarbamol (40% vs. 48%, p=.05), but only when patients with mild scores
were excluded from analysis. In a trial of cyclobenzaprine versus carisoprodol in patients with
acute back pain and spasms® there were no significant differences between interventions for
pain, muscle stiffness, activity impairment, sleep impairment, tension, or relief scores
compared to baseline.

Other head-to-head trials compared an included skeletal muscle relaxant to diazepam.
Of the five trials'®'* comparing cyclobenzaprine to diazepam, two trials'®* *** found
significant differences for most measurements of pain, muscle spasm, functional status, and
‘global evaluations’ that favored cyclobenzaprine, but used unvalidated measures. One other
trial'® reported decreased tenderness, and limitation of motion and better ‘global evaluation’
for cyclobenzaprine vs. diazepam, but not for other measures (muscle spasm, pain, functional
ability). All three of these trials had some support from a manufacturer (Merck) and were
published in the same book. For most outcomes that favored cyclobenzaprine, the magnitude
of difference between treatments was greater at the end of week one than at the end of week
two. In the other two trials comparing cyclobenzaprine to diazepam®® ** and the two trials
197 comparing tizanidine to diazepam, no significant differences were found for any clinical
outcomes including pain, stiffness, or functional ability.

The results of the one trial*®® that focused on patients with chronic back or neck
symptoms reported results similar to the other trials, which focused on acute back symptoms.
In all head-to-head trials, the overall withdrawal rates ranged from 0% to 35%. In one trial, the
overall withdrawal rate appeared significantly higher on cyclobenzaprine (12/34 [35%])
compared to diazepam (3/32 [9%]), but there was no significant difference between
interventions in other trials.

External validity was difficult to assess in these trials, for reasons similar to those
described for head-to-head trials in patients with spasticity.

106,
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Results of placebo-controlled trials. None of the 30 placebo-controlled trials in patients
with musculoskeletal conditions was rated good quality (Evidence Table 6, includes results
from six head-to-head trials with a placebo arm). Quality was generally at the same level as
the head-to-head trials or worse. Most of these trials evaluated patients with acute neck or low
back conditions, and most showed some evidence for clinical efficacy of evaluated skeletal
muscle relaxants, but the magnitude of benefit was difficult to assess because of marked
heterogeneity in study design, interventions, populations studied, and outcomes assessed
(Table 5). Carisoprodol (four trials), cyclobenzaprine (17 trials, including head-to-head trials
with a placebo arm), orphenadrine (four trials), and tizanidine (six trials) were evaluated in the
highest number of trials, and most studies found significant benefits or trends towards benefit
on active treatment compared to placebo. A small number of placebo-controlled trials
evaluated baclofen (1 trial), metaxolone (1), methocarbamol (1), and dantrolene (2) for
musculoskeletal conditions. Although trials of baclofen and dantrolene found significant
benefits or trend towards benefit from active treatment, the single trial of metaxalone found no
differences compared to placebo.*?” We identified no placebo-controlled trials evaluating
chlorzoxazone.

Summary. Data regarding comparative efficacy of skeletal muscle relaxants in patients with
musculoskeletal conditions are quite limited. Most available data are in patients with acute
neck or low back syndromes and evaluated carisoprodol, cyclobenzaprine, orphenadrine,
tizanidine, and diazepam. Although the best of the fair-quality head-to-head trials found that
carisoprodol was superior to diazepam for some clinical outcomes, there are no other head-to-
head trials of these medications, and this trial used unvalidated methods to assess outcomes. It
is not clear if cyclobenzaprine is superior to diazepam for clinical outcomes in patients with
musculoskeletal conditions. One fair-quality meta-analysis of unpublished trials and two fair-
quality head-to-head trials found that cyclobenzaprine and diazepam are roughly equivalent for
clinical efficacy. On the other hand, three other fair-quality clinical trials found
cyclobenzaprine superior to diazepam for at least some clinical outcomes, particularly in the
first week of treatment. These three trials were published together, received some support
from a manufacturer, and used unvalidated outcome measures, making further interpretation of
the results difficult. There is insufficient evidence from other fair-quality head-to-head trials to
suggest that any other skeletal muscle relaxant is more effective than others in patients with
musculoskeletal conditions. Reviewed placebo-controlled trials were characterized by absence
of good-quality studies and marked heterogeneity in terms of designs, patient populations,
assessed outcomes, interventions, and results, and were not helpful in evaluating comparative
efficacy. We were not able to perform meta-analysis on any sub-group of trials. These trials
were generally of short duration and long-term data are lacking.

The body of evidence regarding the effectiveness of various skeletal muscle relaxants
compared to placebo varies both in quality and quantity. There is fair-quality evidence from a
total of 17 trials (none rated good quality) comparing cyclobenzaprine to placebo (including
head-to-head trials with a placebo arm) that consistently found that cyclobenzaprine is more
effective for various measures of pain relief, muscle spasm, or functional ability. These results
are similar to a recent systematic review of 14 of these trials.** The body of evidence
regarding tizanidine (six trials), carisoprodol (four trials), and orphenadrine (four trials) was
also rated fair-quality but was not as robust. For each of these interventions there appeared to
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be a consistent trend favoring the active treatment compared to placebo. There is very limited
data from head-to-head or placebo-controlled trials demonstrating the effectiveness of
methocarbamol, chlorzoxazone, baclofen, or dantrolene in patients with musculoskeletal
conditions. Metaxalone was not shown to be effective in the one available placebo-controlled
trial.

2. What are the comparative incidence and nature of adverse effects (including
addiction and abuse) of different muscle relaxants in patients with a chronic
neurologic condition associated with spasticity, or a chronic or acute
musculoskeletal condition with or without muscle spasms?

Patients with spasticity

Results of systematic reviews and meta-analyses. We identified no systematic reviews
that evaluated comparative adverse event rates from skeletal muscle relaxants in patients with
spasticity. One meta-analysis of three placebo-controlled trials with 525 enrollees (284 on
tizanidine) was rated poor-quality for adverse event assessment because no information about
adverse event assessment methods was reported (Evidence Table 1).** Adverse events
included 49% dry mouth, 48% somnolence, 41% asthenia, 16% dizziness, and 12% headache
in patients on tizanidine compared to 10%, 10%, 16%, 4%, and 13% on placebo. Two patients
had liver function abnormalities and three patients had hallucinations. No deaths were
reported. Abuse or addiction was not evaluated. Withdrawal rates due to adverse events were
17% for tizanidine and 7% for placebo. This meta-analysis did not report adverse event data
from other reviewed trials in which tizanidine was compared to diazepam or baclofen, but did
report better ‘global tolerability’ (1-4 scale) with tizanidine (2.0) than with diazepam (2.6,
p=0.001) or baclofen (2.3, p=0.008).

Results of head-to-head trials. No head-to-head trial was rated good-quality for adverse
event assessment. In general, there was little evidence of rigorous adverse event assessment in
these trials (Evidence Table 3). No trial appeared to have significantly better adverse event
reporting methods than the others. The most frequently reported adverse event rates were for
somnolence, weakness, dizziness, and dry mouth. For the same medication, adverse event
rates varied between trials (Table 6). For example, rates of somnolence from baclofen in head-
to-head trials of baclofen and tizaninde ranged from 0% to 80%,"” and weakness ranged from
7% t0 57%.%° The observed ranges of adverse event rates could reflect differences in
populations, dosing of medications in trials, use of a run-in period, the rigor of adverse event
assessment, or other factors. No deaths or serious adverse events were reported in these trials.
Rates of abuse and addiction were not evaluated. Interpretation of reported adverse event rates
was limited by the short duration of follow-up.

For each skeletal muscle relaxant evaluated in head-to-head trials, rates across trials for
common adverse events overlapped with rates found for other skeletal muscle relaxants (Table
6). In individual head-to-head trials of tizanidine and baclofen, however, several patterns
emerged. In these eight trials, dry mouth was reported more frequently on tizanidine in five
studies (roughly equivalent or not reported in the other three), but weakness was reported more
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frequently on baclofen in all seven studies in which it was reported (Table 5). No consistent
patterns were seen for somnolence or dizziness. Withdrawal rates due to adverse events (an
indicator of intolerable adverse events), however, were higher on baclofen than tizanidine
(12/46 [26%] vs. 4/46 [9%]) in only one trial with significant numbers of withdrawals; other
trials had very low numbers of withdrawals due to adverse events or found no differences.

It was not possible to use trials directly comparing baclofen, dantrolene, or tizanidine
with diazepam to assess comparative adverse event rates. Adverse events data were not
reported or poorly reported in three trials.® °® > In the remaining trials, no clear pattern of
differential adverse events was apparent for any skeletal muscle relaxant. Withdrawals due to
adverse events favored tizanidine over diazepam in one trial®* (28% [15/54] vs. 12% [6/51]),
but in other trials withdrawal rates were equivalent, not reported, or very few in number. The
small number (two or three) of trials for each skeletal muscle relaxant, the wide ranges for
adverse events (somnolence 11-67%, weakness 12-53%) on diazepam (the common
comparator) in different trials, and the limited quality of adverse event assessment limit further
interpretation of these data.

Results of placebo-controlled trials. Most placebo-controlled trials were rated poor or fair-
quality for adverse event assessment (Evidence Table 4). Abuse or addiction was not
evaluated. Three trials appeared to have more rigorous adverse event assessment® % % and
were rated good quality. All three of these trials evaluated tizanidine. Rates of somnolence
(41-54%) were similar in these trials but rates for other adverse events (dry mouth, dizziness,
weakness, and withdrawal due to adverse events) ranged widely or were not consistently
reported (Table 7). In one of the good-quality trials,® 3 patients (18%) developed elevations of
transaminases (highest alanine transaminase 90) that were not thought to be clinically
significant.

In general, placebo-controlled trials as a whole gave little additional information to
compare adverse events of skeletal muscle relaxants in patients with spasticity. For each
evaluated medication, adverse event rates overlapped for different skeletal muscle relaxants
and had wide ranges across trials. For example, the rate of somnolence, the most consistently
reported adverse event, ranged from 33-54% in trials of tizanidine, 0-78% on baclofen, and 15-
88% on dantrolene. We were unable to define narrower ranges for adverse events by
stratifying trials according to dose because most trials titrated the medication, and it was not
clear on which dose adverse events occurred. Withdrawal rates due to adverse events and rates
of weakness were not consistently reported.

Results of observational studies. We identified two observational studies assessing rates of
hepatic complications in patients on dantrolene.®® **° One study* published in 1990 collected
all cases of dantrolene-associated hepatic injury that were reported to the manufacturer,
regulatory authorities, or in the published literature. It was rated fair-quality for adverse event
assessment because it primarily relied on spontaneously reported cases of hepatic injury. This
study excluded 73 cases from analysis that could not be verified using pre-specified exclusion
criteria and 36 cases in which dantrolene was not thought to be the cause of hepatic injury,
leaving a total of 122 analyzable cases of dantrolene-associated hepatic injury. Of these, 47
had asymptomatic transaminase elevations, 12 also had mild hyperbilirubinemia, 36 had
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jaundice, and 27 fatalities occurred. Fifty-two percent (14/27) of the fatalities occurred in
multiple sclerosis patients. Fatalities were associated with a higher mean dantrolene dose (582
mg/dL) than non-fatal cases (263 mg/dL). The risk of hepatic complications was estimated to
be less than 9.0 cases per 100,000 prescriptions written for dantrolene, and fatal hepatic
reactions 0.83 cases per 100,000 prescriptions. An earlier study (1977), which included results
from placebo-controlled trials as well as spontaneously reported cases, estimated rates of 1.8%
(16/1044) for any hepatic injury and 0.3% (3/1044) for a fatal outcome.'*® Differences
between the two studies may in part be related to fewer spontaneously reported adverse events,
higher doses of dantrolene in earlier studies, or increasingly selective use of dantrolene. We
did not identify any observational studies that estimated the rates of hepatic complications from
tizanidine or baclofen.

We identified no other large or good-quality observational trials on adverse events from
skeletal muscle relaxants in patients with spasticity. Although other serious adverse events
(serious withdrawal symptoms,***** overdose,****® and seizure*) have been reported in case
series, comparative rates for these events can not be estimated from these reports.

Summary. Reliable data on comparative adverse event rates from skeletal muscle relaxants in
patients with spasticity are lacking. In almost all trials evaluated, there was little or no
evidence of rigorous adverse event assessment. There is limited fair-quality evidence from
eight head-to-head trials that the adverse event profiles of tizanidine and baclofen are different,
as most head-to-head trials of these two medications have found more dry mouth on tizanidine,
but more weakness on baclofen. There was no clear evidence that intolerable adverse events
were more frequent with tizanidine compared to baclofen. There was insufficient evidence to
judge the comparative safety of other skeletal muscle relaxants in patients with spasticity.
Serious side effects appeared rare, but there does appear to be a small but measurable risk of
serious (including fatal) dantrolene-related hepatic injury that has not been reported with
baclofen and tizanidine. Other serious adverse events (seizure, serious withdrawal, overdose)
were reported in case studies or reports and comparative rates of these events could not be
estimated.

Patients with musculoskeletal conditions

Results of systematic reviews and meta-analyses. Adverse events from cyclobenzaprine
have been evaluated in one systematic review and one meta-analysis (not systematic)
(Evidence Table 2). Neither study rated the quality of included trials for adverse event
assessment. The systematic review* evaluated rates of adverse events for cyclobenzaprine
versus placebo. This systematic review did not rate the quality of included trials for adverse
event assessment. It found significantly increased rates of drowsiness (20% vs. 2%, p<0.001),
dry mouth (8% vs. 2%, p=0.02), dizziness (7% vs. 4%, p=0.04), and any adverse event (53%
vs. 28%, p=0.002) in patients on cyclobenzaprine versus placebo. Withdrawals due to adverse
events were not reported. The meta-analysis reported comparative rates of adverse events for
cyclobenzaprine versus diazepam.*® Rates of drowsiness (38%) and dry mouth (24%) were
higher for cyclobenzaprine compared to diazepam (33% and 8%). Dizziness was reported
more frequently in patients on diazepam (17%) compared to cyclobenzaprine (10%). Other
adverse events and withdrawals due to adverse events were not reported.
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Results of head-to-head trials. No head-to-head trial was rated good quality for adverse
event assessment, and overall quality of adverse event assessment was similar to that described
for head-to-head trials in patients in spasticity. Abuse and addiction were not evaluated in
these trials. No deaths were reported.

There was very limited data from head-to-head trials to assess comparative safety of
skeletal muscle relaxants in patients with musculoskeletal conditions. Of 11 head-to-head
trials, three trials reported almost no adverse event information® 1% 197, |n the eight head-to-
head trials with more substantial adverse event data, there were too few direct comparisons for
any clear patterns to emerge (Table 8). In the head-to-head trial of cyclobenzaprine versus
methocarbamol, cyclobenzaprine was associated with more somnolence (58% vs. 31%), but
the rate of withdrawals due to adverse events was equivalent (7% vs. 6%)." In the head-to-
head trial of cyclobenzaprine and carisoprodol, dry mouth was more frequent with
cyclobenzaprine (38% vs. 10%) and dizziness less frequent (8% vs. 26%)."° Withdrawal rates
due to adverse events were equal (8%).

The five head-to-head trials with adverse event data comparing cyclobenzaprine,
carisoprodol, or tizanidine to diazepam are difficult to interpret because the rate of adverse
events for diazepam varied greatly between trials. Rates of somnolence on diazepam, for
example, were 13%,'%% 30%,'% and 50%,® while respective rates for dizziness were 12%, 8%,
and 50% despite similar doses of diazepam. Because of the wide disparity in adverse event
rates from diazepam, reliable conclusions about the comparative adverse event rates of
cyclobenzaprine and tizanidine could not be drawn from these trials. In all head-to-head trials,
withdrawals due to adverse events were roughly equal or no withdrawals due to adverse events
were reported.

Results of placebo-controlled trials. No placebo-controlled trial was rated good-quality for
adverse event assessment. Abuse and addiction were not evaluated. No deaths thought related
to medication were reported. Serious adverse events were rare.

Adverse events were not reported consistently in these trials, and doses of medications
and titration methods differed markedly between studies. For example, for baclofen, doses
ranged from 5 mg tid up to 80 mg daily, with various methods for titrating doses. Wide and
overlapping ranges for all commonly reported adverse events (somnolence, dizziness, dry
mouth, withdrawals due to adverse events) were seen for carisoprodol, cyclobenzaprine, and
tizanidine (Table 8). There was extremely limited adverse events data for orphenadrine (2
trials'®® 3 reported almost no adverse events and two?* ** did not report adverse event data),
metaxalone,(no adverse event data from 1 trial*?") baclofen (only 1 trial**"), or
dantrolene(neither of 2 trials*** ** reported adverse events). There was no pattern from
placebo-controlled trials to suggest that any one muscle relaxant was superior to others for
adverse events.

Results of observational studies. We identified one study evaluating abuse risk in patients
taking carisoprodol.?’ Carisoprodol is suspected of having a higher potential for abuse because
of its metabolism to meprobamate, a federally controlled substance that is now rarely
prescribed. This study enrolled 40 patients taking carisoprodol for more than 3 months. It
assessed the potential for abuse using an unvalidated six-item questionnaire and found that
20% of patients with no history of substance abuse history and 65% with a history of substance
abuse responded yes to one or more questions, which the authors suggested indicated a
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tendency towards possible abuse. We identified no other observational studies assessing the
risk of abuse or addiction from carisoprodol or other skeletal muscle relaxants in patients with
musculoskeletal conditions. Most reports of abuse and addiction are from case reports.™® A
French report from 1997 noted that meprobamate was the most frequently cited drug in fatal
pharmaceutical overdoses (19 cases, or 15.3%), but we were unable to find similar data on
meprobamate or carisoprodol in the U.S.%**

We identified one large observational study evaluating safety of cyclobenzaprine in
6311 patients.®® This study enrolled about 2000 physicians and asked each to report any
adverse events in five patients with musculoskeletal conditions. It was rated fair-quality for
adverse event assessment. Rates of somnolence (16%), dry mouth (7%), dizziness (3%), and
other adverse events were about 50% lower than in clinical trials and indicate that these data
might not be as reliable as available clinical trials data for estimating true adverse events rates.

We identified no other large- or good-quality observational studies of comparative
adverse event rates for skeletal muscle relaxants.

Summary. There is insufficient evidence to judge whether any skeletal muscle relaxant in
patients with musculoskeletal conditions is safer than others. The data are quite limited both in
quality and in quantity (only five head-to-head trials with adverse event data). Withdrawals
due to adverse events (an indicator of intolerable adverse events) were similar in head-to-head
trials. There was insufficient data to assess comparative abuse and addiction risk of skeletal
muscle relaxants. Severe adverse events appeared rare and relative frequency could not be
assessed.

3. Arethere subpopulations of patients (specifically by race, age, sex, or type of
pain) with spasticity or chronic musculoskeletal conditions for which one
skeletal muscle relaxant is more effective or associated with fewer adverse
effects?

No clinical trials or observational studies were designed to compare the efficacy of
skeletal muscle relaxants for different races, age groups, or genders. There is almost no
information to judge the relative effectiveness or adverse event rates of skeletal muscle
relaxants in these subpopulations. Race was rarely reported in the trials; when it was reported
the overwhelming majority of patients were white. Women were well represented in the trials
as were older patients, but the effect of gender or age on medication efficacy was not evaluated
in any trial. Nine trials® 7% 7% 77 78.81.82.87.97 o\ alyated children and two trials®® ** evaluated
elderly patients, but accurate judgments about comparative efficacy and safety in these
populations cannot be made because of the same problems with lack of good-quality trials and
heterogeneity in interventions, outcomes assessed, and findings that were encountered in
examining general efficacy and adverse events, with the additional limitation of fewer
available studies.

Information regarding comparative efficacy and safety of skeletal muscle relaxants for
different underlying conditions is also not available. Most data from head-to-head trials were
in patients with multiple sclerosis or acute neck and low back pain and were reviewed in the
section on general efficacy and safety. Only small numbers of trials (usually placebo-
controlled) specifically evaluated other conditions. For example, of three placebo-controlled
trials of patients with fibromyalgia, all investigated cyclobenzaprine.**® 124 12> Of three
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136, 138 and

placebo-controlled trials in patients with tension headaches, two evaluated tizanidine
one cyclobenzaprine.** Small numbers of trials, lack of high-quality studies, and
heterogeneous designs and methods limited our ability to systematically evaluate skeletal
muscle relaxants for these and other conditions including cerebral palsy (three trials®® '" 82),
spinal cord injury (two trials®* *>), and post-stroke patients (four trials™* % %% 8 (see Table 3).

Because there is some evidence that different skeletal muscle relaxants are associated
with different rates of somnolence, weakness, and dry mouth, specific patients might do better
with one skeletal muscle relaxant compared to another. For example, in patients who are still
ambulatory, it may be important to not choose a skeletal muscle relaxant that causes excess
weakness. This hypothesis, however, has not yet been evaluated in clinical trials or
observational studies. There is also insufficient data to judge the comparative efficacy or
safety of skeletal muscle relaxants in patients who have failed one agent or had intolerable side
effects.

No study has assessed the comparative risk of abuse and addiction from skeletal muscle
relaxants in patients with a prior history of substance abuse. In trials that specified exclusion
criteria, patients with prior or suspected substance abuse were usually excluded.

Other special populations have typically been excluded from clinical trials and have not
been well studied. In case reports, baclofen has been reported to cause toxicity in patients with
impaired renal function in case reports, but there are insufficient data to compare rates of
toxicity with other skeletal muscle relaxants in this population.**® We found no trials in
patients with chronic liver disease. In one trial of children with spasticity and epilepsy,
dantrolene did not increase the frequency of seizures.®’

SUMMARY

Results for each of the key questions are summarized in Table 10. Most skeletal
muscle relaxants were evaluated for either spasticity or musculoskeletal conditions; only
tizanidine was evaluated in head-to-head and more than two placebo-controlled trials for both
spasticity and musculoskeletal conditions. Metaxalone was not found to be effective for low
back or neck spasms in the one clinical trial in which it was evaluated. Most of the head-to-
head trials were performed in patients with multiple sclerosis and patients with acute neck or
low back pain; almost all of the evidence regarding efficacy and safety in patients with other
conditions comes from placebo-controlled trials.

In general, there was insufficient evidence to prove that different skeletal muscle
relaxants are associated with different efficacy or safety. The best available evidence suggests
that tizanidine is roughly equivalent compared to baclofen for most clinical outcomes in
patients with spasticity. The comparative efficacy for other skeletal muscle relaxants and other
conditions has not been established. The largest body of head-to-head data is for
cyclobenzaprine versus diazepam in patients with musculoskeletal conditions, but was
inconclusive with regard to differences in comparative efficacy. The data on adverse events is
insufficient to distinguish any skeletal muscle relaxant with regard to overall safety, though the
adverse event profile may differ between medications. There appears to be a small but
measurable risk of dantrolene-associated serious (including fatal) hepatic injury that has not
been reported with other skeletal muscle relaxants. The available literature provides no data
regarding the comparative risk of abuse and addiction from skeletal muscle relaxants.
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There may be other reasons (such as convenience, improved compliance, better sleep,
or more consistent pain relief) for prescribing skeletal muscle relaxants, but these outcomes
were not adequately assessed in the reviewed trials.

Essentially no data are available to assess comparative efficacy and adverse event risks
in subpopulations of patients with spasticity or musculoskeletal conditions.
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