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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based
Practice Centers (EPCs), sponsors the development of systematic reviews to assist public- and
private-sector organizations in their efforts to improve the quality of health care in the United
States. These reviews provide comprehensive, science-based information on common, costly
medical conditions, and new health care technologies and strategies.

Systematic reviews are the building blocks underlying evidence-based practice; they focus
attention on the strength and limits of evidence from research studies about the effectiveness and
safety of a clinical intervention. In the context of developing recommendations for practice,
systematic reviews can help clarify whether assertions about the value of the intervention are
based on strong evidence from clinical studies. For more information about AHRQ EPC
systematic reviews, see www.effectivehealthcare.ahrqg.gov/reference/purpose.cfm

AHRQ expects that these systematic reviews will be helpful to health plans, providers,
purchasers, government programs, and the health care system as a whole. Transparency and
stakeholder input are essential to the Effective Health Care Program. Please visit the Web site
(www.effectivehealthcare.ahrg.gov) to see draft research questions and reports or to join an
email list to learn about new program products and opportunities for input.

We welcome comments on this systematic review. 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 email to epc@ahrg.hhs.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
Stephanie Chang, M.D., M.P.H. Suchitra lyer, Ph.D.

Director Task Order Officer

Evidence-based Practice Program Center for Outcomes and Evidence

Center for Outcomes and Evidence Agency for Healthcare Research and Quality

Agency for Healthcare Research and Quality
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Structured Abstract

Objectives. To assess comparative effectiveness and safety of preventive pharmacologic
treatments for community-dwelling adults with episodic or chronic migraine.

Data sources. We searched major electronic bibliographic databases and trial registries up to
May 20, 2012.

Review methods. We performed a systematic review of published, English-language original
studies of pharmacologic treatments for prevention of episodic or chronic migraine. Studies that
compared drugs with inactive controls, nonpharmacologic interventions, or other drugs were
eligible. Outcomes evaluated included rates of complete migraine cessation, >50 percent
reduction in monthly migraine frequency, reduction in migraine-related disability, and
improvement in quality of life. We calculated absolute risk differences, pooled them with
random-effects models and with Bayesian network meta-analysis, and calculated numbers of
outcome events attributable to treatments per 1,000 participants treated.

Results. Of 5,244 retrieved references, 245 publications of randomized controlled clinical trials
(RCTs) and 76 publications of nonrandomized therapeutic studies met eligibility criteria. Most
enrollees were middle-aged Caucasian women, with an average of five monthly migraine attacks.
Few trials reported the proportion of obese subjects, but many subjects were overweight. More
than half of the RCTs defined migraine according to the International Headache Society criteria.
Studies excluded adults with severe medical or psychiatric illnesses or contraindications to
examined drugs. Strength of evidence was mostly low due to risk of bias and imprecision in
individual RCTs and pooled estimates.

For chronic migraine, botulinum toxin formulations were examined in 20 RCTs of 4,237 adults.
Onabotulinumtoxin A was more effective than placebo in reducing monthly chronic migraine
attacks by >50 percent (low-strength evidence from 3 RCTs of 459 adults) with inconsistent
improvement in quality of life. Pooled analyses demonstrated that per 1,000 treated adults, 170
(95% confidence interval [Cl], 82 to 258) would experience >50 percent reduction in migraine
frequency, 155 (95% CI, 90 to 220) would experience adverse effects, and 26 (95% ClI, 10 to 43)
would discontinue treatments due to bothersome adverse effects. Topiramate reduced disability
in patients with chronic migraine but failed to decrease monthly migraine frequency by >50
percent (low-strength evidence from one RCT of 328 adults). Individual RCTs examined the
comparative effectiveness of onabotulinumtoxin A with topiramate or divalproex and found no
differences in chronic migraine prevention. Propranolol combined with topiramate treatment
demonstrated no benefits in nonresponders to topiramate monotherapy (low-strength evidence
from one RCT of 191 adults).

For episodic migraine, RCTs examined 59 drugs from 14 drug classes. All approved drugs
(topiramate, divalproex, timolol, and propranolol), some off-label beta blockers, ACE inhibitors,
and the angiotensin Il receptor antagonist candesartan were better than placebo in reducing
episodic monthly migraine frequency by>50 percent. Drugs would result in clinical
improvement in 200 to 400 patients per 1,000 treated. Adverse effects leading to treatment
discontinuation were examined in 68 RCTs. Topiramate, off-label antiepileptics, and
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antidepressants resulted in bothersome adverse effects leading to treatment discontinuation more
often than placebo.

Limited direct evidence of comparative effectiveness from head-to-head RCTs demonstrated no
consistent significant differences in outcomes with examined drugs in patients with episodic
migraine. Exploratory indirect adjusted frequentist analysis offered low-strength evidence that
the angiotensin 11 receptor blocker candesartan was more effective than approved drugs
including topiramate, propranolol, timolol, and divalproex. Exploratory network Bayesian meta-
analysis offered low-strength evidence that angiotensin inhibiting drugs (captopril, lisinopril,
candesartan) were the most effective and tolerable for episodic migraine prevention in adults
who have no contraindications to examined drugs.

Individual RCTs of drug-management interventions for episodic migraine offered low-strength
evidence that compared with usual care, multidisciplinary team care improved quality of life and
reduced migraine-related disability; a headache management program resulted in complete
cessation of migraine; a minimal-contact cognitive-behavioral program improved patient
satisfaction with treatments; headache school decreased overuse of drugs for acute headache
attacks and reduced migraine disability; pharmaceutical care improved self-efficacy; and an
intensive pharmaceutical care campaign had no statistically significant impact on use of acute
drugs.

Conclusions. For chronic migraine, onabotulinumtoxin A reduced migraine attacks but increased
the risk of adverse effects and treatment discontinuation due to adverse effects. For episodic
migraine, approved drugs are effective but increase risk of adverse effects and treatment
discontinuation due to adverse effects. Some off-label beta blockers and angiotensin inhibiting
drugs are effective without bothersome harms and therefore offer the best benefits-to-harms
ratio. We could not determine the long-term (i.e., trials of more than 3 months’ duration),
preventive benefits and adherence with drugs. Evidence on improving quality of life was
inconsistent across individual drugs. Evidence for individualized treatment decisions is very
limited. Future research should examine the role of patient characteristics on drug benefits and
safety.
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Executive Summary

Introduction

According to the International Classification of Headache Disorder, migraine is a common
disabling primary headache disorder manifesting in attacks lasting 4 to 72 hours."* Migraine
headaches range from moderate to very severe® and are sometimes debilitating.” Episodic
migraine affects 17 percent of women and 6 percent of men.>®

Migraine frequency is divided into episodic and chronic.? Episodic migraine is characterized
by <15 migraine days and chronic migraine by >15 headache days per month. Sometimes
migraine may be described as chronic simply because the attacks recur over long periods of time.
Chronic migraine affects 1.4 to 2.2 percent of adults.® All migraine types significantly affect the
physical, psychological, and social well-being of patients, and can impose serious lifestyle
restrictions. Each year lost work time and diminished productivity from migraine costs American
employers $225.8 billion.*

Forty percent of adults with episodic migraine and all patients with chronic migraine might
benefit from preventive medication; yet, only about 12 percent of adults with frequent migraines
take preventive medication.’ Preventive medications from several drug classes are thought to
affect various aspects of migraine pathophysiology.™** The U.S. Food and Drug Administration
(FDA) has approved four drugs for episodic migraine prevention in adults: the beta blockers
propranolol and timolol, and the antiepileptic drugs topiramate and divalproex sodium.*® For
prevention of chronic migraine, the FDA has approved only one drug, onabotulinumtoxin A.
Doctors also prescribe off-label drugs (approved for clinical conditions other than migraine
prevention), including novel antiepileptic drugs, calcium channel blockers, serotonin and
noradrenaline reuptake inhibitors, glutamate blockers, and drugs from several other classes.*®

Preventive treatments aim to eliminate headache pain without intolerable harms. Often,
however, some degree of pain persists; therefore, treatment success is usually defined by a
decrease in migraine frequency of >50 percent.* Preventive treatments are also expected to
reduce use of acute drugs and improve quality of life.® Treatment safety is defined by the total
rates of adverse effects and adverse effects that lead to treatment discontinuation. Between 17
and 29 percent of patients discontinue preventive migraine medication because of adverse effects
such as anxiety, nausea, vomiting, sleep time reduction, drowsiness, or weakness.**** Drug
choices in clinical practice are based on many drug-related factors such as familiarity, efficacy,
and adverse effects, as well as many patient characteristics such as headache frequency, presence
of aura, comorbid conditions, and patient preference.

Indications for preventive treatments differ. The American Migraine Prevalence and
Prevention expert advisory group recommends preventive treatment for those who experience
two or more monthly headache attacks accompanied by disability, and for those who experience
four or more monthly attacks with or without accompanying disability.*® Some guidelines
recommend preventive treatments for patients who have five or more migraine attacks per
month, but others suggest it only for those who experience a headache on most days of the
month.'"*® Often, preventive treatment is recommended for only 6 to 9 months; however, very
limited research has examined migraine frequency after discontinuation of preventive
treatments.**?

Several gaps remain in the published literature on preventive treatments for migraines.
Systematic reviews have focused on the efficacy of specific drugs rather than on the comparative
effectiveness of all available pharmacologic and nonpharmacologic treatments.? Little attention
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has been paid to the comparative effectiveness of off-label drugs to prevent migraine. Published
reviews have not examined quality of life. Clinical reviews have compared the safety of only a
few drugs.?%%

Scope

Our review focuses on the comparative effectiveness and safety of the drugs for preventing
migraine attacks in adults; our results can help inform treatment and policy recommendations.
By the nature of the question, our review focuses on outpatient care.

During the topic refinement stage, we solicited input from Key Informants representing
medical professional societies/clinicians in the areas of neurology, primary care, consumers,
scientific experts, and payers, to help define the Key Questions (KQs).?? The KQs were then
posted for public comment for 4 weeks, and the comments received were considered in the
development of the research protocol. We next convened a Technical Expert Panel (TEP)
comprising clinical, content, and methodological experts to provide input in defining
populations, interventions, comparisons, and outcomes, and in identifying particular studies or
databases to search. The Key Informants and members of the TEP were required to disclose any
financial conflicts of interest greater than $10,000 and any other relevant business or professional
conflicts. Any potential conflicts of interest were balanced or mitigated. Neither Key Informants
nor members of the TEP performed analysis of any kind, nor did any of them contribute to the
writing of this report. Members of the TEP were invited to provide feedback on an initial draft of
the review protocol, which was then refined based on their input, reviewed by AHRQ, and
posted for public access from April 12, 2012, to May 10, 2012, at the AHRQ Effective Health
Care Web site.

We chose not to synthesize studies of the drug flunarizine, which is commonly used for
adults in Europe, because the FDA has not approved it. Efficacy of nonpharmacologic preventive
treatments was beyond our scope. We conducted a comprehensive literature review following the
principles in the “Methods Guide for Effectiveness and Comparative Effectiveness Reviews”
(hereafter the Methods Guide) developed by the Agency for Healthcare Research and Quality
(AHRQ) Evidence-based Practice Center Program®*** and PRISMA guidelines (protocol
registration number is CRD42012001918, available at
www.crd.york.ac.uk/prospero/display_record.asp?ID=CRD42012001918).

Key Questions

KQ1
What are the efficacy and comparative effectiveness of pharmacologic treatments for
preventing migraine attacks in adults?
a. How do preventive pharmacologic treatments affect patient-centered and intermediate
outcomes when compared with placebo or no active treatment?
b. How do preventive pharmacologic treatments affect patient-centered and intermediate
outcomes when compared with active pharmacologic treatments?
c. How do preventive pharmacologic treatments affect patient-centered and intermediate
outcomes when compared with active nonpharmacologic treatments?
d. How do preventive pharmacologic treatments combined with nondrug treatments affect
patient-centered and intermediate outcomes when compared with pharmacologic
treatments alone?
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e. How might dosing regimens or duration of treatments influence the effects of the
treatments on patient-centered outcomes? How might approaches to drug management
(such as patient-care teams, integrated care, coordinated care, patient education, drug
surveillance, or interactive drug monitoring) influence results?

KQ 2
What are the comparative harms from pharmacologic treatments for preventing migraine
attacks in adults?
a. What are the harms from preventive pharmacologic treatments when compared with
placebo or no active treatment?
b. What are the harms from preventive pharmacologic treatments when compared with
active pharmacologic treatments?
c. How might approaches to drug management (such as patient-care teams, integrated care,
coordinated care, patient education, drug surveillance, or interactive drug monitoring)
influence results?

KQ 3
Which patient characteristics predict the effectiveness and safety of pharmacologic
treatments for preventing migraine attacks in adults?

Methods

We followed an a priori research protocol that we developed with the clinical and
methodological input of a technical expert panel. The protocol followed the Effective Health
Care Program’s Methods Guide.

Literature Search Strategy

We searched several databases including MEDLINE® (via Ovid and PubMed®), the
Cochrane Library, and the SCIRUS bibliographic database to find original studies published in
English up to May 20, 2012. To search the grey literature, we accessed the FDA Web site to find
medical and statistical reviews of the eligible drugs and we searched several trial registries to
find ongoing, completed, and published trials of migraine prevention.

Eligibility

Three investigators independently determined study eligibility, resolving disagreements
through discussions until consensus was achieved.?® To assess the effectiveness of drugs, we
analyzed all included RCTs. To assess adverse effects and treatment discontinuation due to
adverse effects, we analyzed all included RCTs and nonrandomized studies.?® We defined harms
as the totality of all possible adverse consequences of an intervention.?” We analyzed harms
regardless of how authors perceived causality of treatments.

We determined eligibility according to the PICOTS (Population, Intervention, Comparator,
Outcomes, Timing, and Settings) framework. We defined the target population as community-
dwelling adults with episodic or chronic migraine. We formulated a list of eligible interventions
after discussions with key informants and technical experts and after consideration of public
comments. Eligible comparators included pharmacologic, nonpharmacologic, and combined
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preventive treatments. We defined eligible intermediate and patient-centered outcomes
(presented in the analytical framework, Figure A).

Eligible studies included patients with episodic migraine, chronic daily headache, or chronic
migraine defined according to the criteria of the International Headache Society.'” We reviewed
RCTs that included adults with migraine, comorbid headache disorders, or tension headache if
they examined prevention of migraine. We excluded studies of treatments aimed at acute
migraine attacks. We excluded studies that involved patients with other migraine variants,
hospitalized patients, and patients in emergency rooms. We also excluded studies of short-term
prevention of migraine, including menstrual migraines.

Data Extraction

Researchers used standardized forms to extract data (available at
https://netfiles.umn.edu/xythoswfs/webui/_xy-21041343 1-t zdhvSpvy). For each trial, one
reviewer extracted the data and a second reviewer checked the abstracted data for accuracy. We
assessed errors by comparing established ranges for each variable and data charts from the
original articles. Any detected discrepancies were discussed.

Figure A. Analytical framework

(KQ3)
(KQ1)
Adults with
migraine
" Age Drugs
] = Approved by the FDA
L vy Ay
Sek * Off label / \
= Race
s PR E (KQ1) Intermediate Outcomes
esence = . .
priving ’ — Patient-Centered
aurd
. Outcomes
» Headache = Number of headache .
frequency days monthly ® Reduction in frequency
; = Severity of migraine " mierai '
= Prior treatment i &4 Qf.111l_glf11ne allacl_t by
) L attacks >50% from baseline
= Comorbidity = Improvement in » Quality of life
= Family history associated symptoms = Prevention of migraine
= SES. access to - UllllZ.{-]tJIOI'l r;l the drugs for attacks (complete
— acute migraine cessation)
* Health care visits ® Patient satisfaction
* Adverse effects \ / = Composite response
of treatment * Emergency visits
® Treatment * Loss of working days
discontinuation

due to adverse
effects

KQ = Key Question; SES = socioeconomic status

KQ 1: What are the efficacy and comparative effectiveness of pharmacologic treatments for preventing migraine attacks in
adults?

KQ 2: What are the comparative harms from pharmacologic treatments for preventing migraine attacks in adults?

KQ 3: Which patient characteristics predict the effectiveness and safety of pharmacologic treatments for preventing migraine
attacks in adults?
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We abstracted the information relevant to the PICOTS framework. We abstracted minimum
datasets to reproduce the results presented by the authors. For categorical variables, we
abstracted the number of events among treatment groups to calculate rates, relative risk, and
absolute risk differences. We abstracted means and standard deviations of continuous variables
to calculate mean differences with a 95% confidence interval (Cl).

We abstracted the number randomized to each treatment group as the denominator to
calculate estimates by applying intention-to-treat principles assuming that the same proportions
apply in the missing data. We abstracted drug regimen and doses and patient characteristics
including demographics, baseline frequency and severity, and prior treatment status as factors
that can modify treatment effects. We abstracted sponsorship of the studies and conflict of
interest by the authors. We incorporated risk of bias in individual studies into the synthesis of
evidence by using individual risk of bias criteria rather than a global score or a ranking category
of overall risk of bias.

Risk of Bias Assessment

We evaluated the risk of bias in individual studies for benefits and harms using the criteria
from the Cochrane risk of bias tool.?® We evaluated: (1) random allocation of the subjects to the
treatment groups; (2) masking of the treatment status to the participants and investigators; (3)
adequacy of allocation concealment; (4) adequacy of randomization as estimated based on
similarity of the subjects in treatment groups by demographics and by frequency and severity of
migraine; (5) use of planned and executed intention-to-treat principles; and (6) selective outcome
reporting when compared with the protocols (when available) and methods sections in the
articles. Since all outcomes in the review were self-reported, masking of outcome assessment
was not essential.

We assumed a low risk of bias when RCTs met all of the risk of bias criteria, a medium risk
of bias if at least one of the risk of bias criteria was not met, and a high risk of bias if two or
more risk of bias criteria were not met. We concluded an unknown risk of bias for studies with
poorly reported risk of bias criteria. We examined risk of bias in nonrandomized studies
according to adjustment for confounding factors to address selection bias and exclusion of
subjects from the analyses to address attrition biases. We evaluated disclosure of conflict of
interest by the authors of individual studies and funding sources, but did not use this information
to downgrade quality of individual studies.

Data Synthesis

We summarized the results into evidence tables. We focused on patient-centered outcomes,
such as reduction in migraine attack rate of >50 percent from baseline, quality of life, patient
satisfaction, and composite measures of response including frequency and severity of migraine.

We synthesized the evidence according to population characteristics that could modify
treatment effect, including age, sex, race, and duration of migraine, baseline frequency and
severity of acute migraine attacks, presence of aura, previous drug treatments, or history of drug
overuse when reported in the original studies. When possible, based on the reporting in original
studies, we conducted subgroup and sensitivity analyses according to patient characteristics, drug
dose, and timing of followup.

We examined whether the definition of migraine could contribute to differences in trial
results. The FDA approved four drugs for prevention of episodic migraine based on trials
conducted prior to the recent implementation of the migraine definition proposed by the
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International Headache Society.!” Thus, eligible studies published before 2004 defined classic or
common migraine as per previous definitions from the International Headache Society or the Ad
Hoc Committee on Classification of Headache.?® We compared baseline patient characteristics
and treatment effects depending on the exact migraine definition and report the results when they
are significantly different.

Using Meta-Analyst and STATA® software, we calculated the relative risk and absolute risk
difference from the abstracted events and the mean differences in continuous variables from the
reported means and standard deviations. We evaluated statistical significance at a 95 percent
confidence level. We used default software continuity coefficients for 0 events and intention to
treat as recommended calculations for missing data. We hypothesized superiority of drugs versus
placebo and versus each other.

For pooling results from studies addressing KQs 1 and 2, we required that studies included
the same active drug treatments and comparators and the same definitions of the outcomes.
Cohen standardized mean differences were calculated for different continuous measures of the
same outcome. For sparse adverse effects data, we used multiple models to test robustness of
inferential statistics.

We tested consistency in the results by comparing the direction and strength of the
association and assessed heterogeneity in results with chi-squared and I-squared tests. We
explored heterogeneity with meta-regression and sensitivity analysis, reporting only the results
from random effects models. We used the random effects model to incorporate into the pooled
analysis any differences between trials in patient populations, baseline rates of the outcomes,
dosage of drugs, and other factors. We explored heterogeneity by risk of bias criteria, disclosed
conflicts of interest, study sponsorship, dose and duration of drug treatments, time of followup,
inclusion of minorities, proportion of women and elderly adults, and other patient characteristics
described above. To avoid ecological fallacy, we did not use patient-level variables (for example,
mean age or body mass index) in meta-regression.

We calculated the number needed to treat to achieve one event of a patient-centered outcome
as reciprocal to absolute risk differences (ARD) in rates of outcome events in the active and
control groups. We calculated means and 95% Cls for the number needed to treat as reciprocal to
pooled ARD when the ARD was significant. The number of avoided or excessive events per
population of 1,000 is the difference between the two event rates multiplied by 1,000.

In cases when very few studies were available to provide evidence from direct head-to-head
comparisons, we conducted indirect comparisons. To do so, we used statistical techniques to
estimate the treatment effects from studies of each given treatment against controls under an
assumption of consistency.

e We used adjusted indirect frequentist comparisons for individual drugs that were
compared with placebo. This analysis provided pair-wise triangular comparisons for
drugs that were compared against placebo rather than network meta-analysis.

e To address the problems with inevitable differences across studies, we used mixed (or
multiple) treatment comparisons (MTCs), or so-called Bayesian network meta-analysis.
We calculated Bayesian odds ratios with 2.5 to 97.5 percent credible intervals and
Bayesian network random effects meta-analysis assuming heterogeneous variances across
treatments. We synthesized evidence from drug classes in network meta-analysis when
individual drugs from the same class demonstrated no significant differences in
outcomes. We concluded no differences in drug effect (hereafter called similar effects) if
confidence or credible intervals included one (no effect or no difference). All Bayesian
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results were obtained from the WinBUGS software using Markov chain Monte Carlo
(MCMC) samples after a 50,000-sample algorithm burn-in.

Grading the Evidence for Each KQ

We assessed strength of evidence according to risk of bias, consistency, directness, and
precision for each patient-centered outcome, which included 100 percent or >50 percent
reduction in monthly migraine frequency, patient global assessment of treatment success, rates of
clinically important improvement in migraine-related disability and quality of life.*® We also
assessed treatment discontinuation due to harms. We based our criteria on published guidelines
acknowledging inevitable subjectivity of the assessment. We assigned a medium or high risk of
bias in the body of evidence when at least one individual RCT had medium or high risk of bias,
respectively.We defined treatment effect estimates as precise when pooled estimates had
reasonably narrow 95% Cls, and the pooled sample had >300 events (using 25% relative effect
difference for calculation of optimal information size).*! We did not include justification of the
sample size into grading of the evidence nor did we conduct post hoc statistical power analysis.

As part of our strength of evidence assessment we looked at dose-response association,
strength of association, and reporting bias in nonrandomized studies. We evaluated the strength
of the association, defining a priori a large effect when relative risk was >2 and a very large
effect when relative risk was >5.% We defined low magnitude of the effect when relative risk
was significant but <2,

We defined reporting bias as publication bias, selective outcomes reporting, and multiple
publication bias. We did not perform formal statistical tests quantifying reporting biases due to
the questionable statistical validity of the available tests.

We defined a high level of evidence on the basis of consistent findings from low risk of bias
RCTs. We downgraded strength of evidence to moderate if at least one of the four strength-of-
evidence criteria was not met (e.g., the studies had medium risk of bias or the results were
inconsistent or imprecise). We downgraded strength of evidence to low if two or more criteria
were not met. We assigned a low level of evidence to nonrandomized studies but upgraded
strength of evidence for strong or dose response associations. We defined evidence as
insufficient if treatment effects or associations were examined by a single study with unclear or
high risk of bias. We applied this approach regardless of statistical significance of the results.

Assessing Applicability
We estimated applicability of the population by evaluating baseline subject characteristics in
observational studies and clinical trials.*

Results

Of 5,244 identified references, we included 245 references of RCTs and 76 references of
nonrandomized studies (detailed information about the results with references is available in the
main body of the full report and in the evidence tables in Appendix D). Most trials were funded
by industry but did not disclose conflict of interest by study investigators. Proportions of industry
sponsorship and disclosed conflict of interest varied among examined drugs.

More than half of the RCTs had medium risk of bias. Proportions of low risk of bias RCTs
varied among examined drugs. Most RCTs (86 percent) were double blind. We concluded
unclear adequacy of allocation concealment in 94 percent of RCTs and unclear adequacy of
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randomization in 51 percent of RCTs. Planned intention to treat was reported in 24 percent of
RCTs.

The results were applicable to the target population. Most RCTs were conducted in the
United States and Western countries, used the International Headache Society’s definition, and
enrolled mostly middle age women with episodic migraine suffering from an average of five
monthly migraine attacks. RCTs enrolled on average 210 adults, measured the outcomes at 2 to 3
months of followup, and reported about 14 percent loss of followup (attrition rate).

Studies enrolled mostly adults (average age was 38 years) and adolescents. Few trials
reported a proportion of obese subjects, but many participants were overweight according to the
average body mass index. Most trials included patients with and without aura. Almost half of the
enrolled subjects were naive to migraine preventive drugs. Patient age and baseline migraine
characteristics were similar in most trials. Substantial variability in reporting comorbidities
prevented us from using this information in quantitative synthesis of evidence. Most trials,
however, excluded patients with severe medical comorbidities or psychiatric illnesses, stroke,
and vascular migraine. RCTs rarely reported important patient characteristics that could modify
drug effects, including family history of migraine, socioeconomic status, or response to prior
preventive treatments.

KQ 1. What are the efficacy and comparative effectiveness of
pharmacological treatments for preventing migraine attacks in adults?

The 245 eligible references presented the results from RCTs. RCTs examined four approved
drugs for episodic migraine (topiramate, divalproex, propranolol, and timolol), one approved
drug for chronic migraine (onabotulinumtoxin A), and various off-label preventive drugs. Most
trials examined a monotherapy with one active agent compared with placebo or another drug.
RCTs rarely reported specifics of concomitant treatments such as exact drugs and doses.
However, most trials disallowed concomitant drugs during the run-in period and after
randomization, thus implying no concomitant treatments were used in the RCTs. Strength of
evidence was low due to medium or high risk of bias and imprecise estimates from individual or
meta-analyzed RCTs (Tables A-B). This executive summary focuses on pooled analyses from
RCTs and the results from network meta-analysis. All results can be found in the main body of
the full report.

KQla. How do preventive pharmacologic treatments affect patient-centered
and intermediate outcomes when compared with placebo or no active
treatment?

Prevention of Chronic Migraine

Only one drug for chronic migraine, Onabotulinumtoxin A, was examined in more than one
RCT. Onabotulinumtoxin A was better than placebo in reducing monthly migraine attack by>50
percent in patients with baseline >15 migraine days per month (Table A). Low-strength evidence
from individual RCTs suggested a dose-responsive increase in migraine prevention with higher
doses of onabotulinumtoxin A.

A single RCT reported that topiramate was better than placebo in achieving: (1) reduction of
monthly migraine days from baseline; (2) 25 percent reduction in monthly migraine attacks, and
(3) frequency of associated symptoms. Topiramate was not, however, better than placebo in
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reducing monthly migraine attacks by >50 percent. The other individual RCT reported that
propranolol added to topiramate did not effectively prevent chronic migraine in patients for
whom topiramate monotherapy had failed.

Prevention of Episodic Migraine

All approved drugs were better than placebo in reducing monthly migraine frequency by>50
percent in patients with baseline <15 migraine days per month (clinical response) (Table A).
Drugs would achieve a clinical response preventing half or more migraine attacks in 200 to 400
patients per 1,000 treated. Clinicians need to treat three to five patients with episodic migraine to
prevent half or more migraine attacks in one patient. Low-strength evidence from individual
RCTs suggested a dose-responsive increase in migraine prevention with higher doses of
topiramate (from 50 to 100 mg/day with no additional benefits with 200 mg/day).

In addition to >50 percent reduction in monthly migraine frequency, individual RCTs of
approved antiepileptic drugs and beta blockers improved other patient-centered outcomes.
Topiramate demonstrated significant improvements for general health status, quality of life, and
disability, with score improvements on the Medical Outcome Study Short Form 36 (SF-36) of
more than 200 percent for self-reported vitality and more than 100 percent for improvement in
pain and general health. Divalproex in a larger dose of 1,500 mg/day increased the likelihood of
a 50 percent improvement in whether migraine attacks impaired usual activities or necessitated
symptomatic medication and in reducing migraine attacks with nausea, vomiting, phonophobia,
or photophobia. Topiramate and propranolol decreased use of drugs for acute migraine attacks.

Among off-label drugs, pooled analyses demonstrated that antiepileptic gabapentin, beta-
blockers metoprolol, and calcium channel blocker nimodipine were better than placebo in
reducing monthly migraine attacks by >50 percent (Table A).
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Table A. Efficacy of migraine preventive pharmacological treatments, evidence from meta-analyzed randomized controlled clinical trials
that compared active drugs with placebo

Rate, Relative Absolute Number Attributable Strenath of Evidence
Active Preventive Outcome Sample Percent Risk Risk Needed To Events per (Reasc?ns for Lowerin
Treatment P With Drug (95% Cl) Difference Treat 1,000 Treated SOE) 9
[Placebo] 0 (95% CI) (95% CI) (95% CI)
Onabotulinumtoxin . Low
>5()9,
A for chronic 250% decreasein | aso 506[34.4] | 18 | Gosio o6 | 6 @101 | 2 (82to (medium ROB,
migraine migraine frequency (1.2t0 1.8) (0.08 to 0.26) ) imprecision)
Topiramate 50 to . Low
100% decrease in 1.9 0.02 .
200mg/day for migra(\)ine frequency 1,299 5.1[2.6] (1.0 0 3.4) (-0.01 to 0.05) NS NS (medium ROB,
episodic migraine ) ) ) ) inconsistency, imprecision)
. 275% reduction in
Topiramate for o 1.9 0.10 Moderate
episodic migraine (rjnac;r;thly migraine 1,086 22.3[11.0] (1.1t03.1) (-0.01 to 0.20) NS NS (imprecision)
Topiramate 50 to 250% reduction in
) . J 1.7 0.18 6 179 Moderate
200mg for episodic | monthly migraine | 1,145 | 42.2[23.3] | 1 51529) | (0.08t00.28) | (4t013) | (75 to 284) (imprecision)
migraine days
Topiramate 50 to 250% reduction in
S 2.0 0.29 3 288 Moderate
200mg/day for monthly migraine | 1,422 | 49.6[25.1] | 1 5,57) | (0.18100.40) | (310 6) (176 to 400) | (medium ROB)
episodic migraine frequency
. . Low
Divalproex for 250% decrease in 2.2 0.24 4 241 .
episodic migraine migraine frequency 405 43.0[23.3] (1.1t0o4.2) | (0.10t0 0.38) | (3to 10) (97 to 384) I(msgéléglssB
. Low
Propranolol for 250% decrease in 2.0 0.22 4 223 .
episodic migraine migraine frequency 54l 45.1[22.3] (1.5t02.7) | (0.14t00.30) | (3t0 7) (142 to 304) SQSEQEEIESB
. N . Low
Timolol for episodic | 250% decrease in 2.1 0.27 4 265 .
migraine migraine frequency 276 49.4123.3] (1.5t03.1) | (0.15t00.38) | (3to 6) (154 to 377) I(mS?éngESB
. . Low
Gabapentin for 250% decrease in 15 0.17 6 165 .
episodic migraine migraine frequency 2170 45.9[31.0] (1.1t0 2.0) | (0.061t0 0.27) | (4to 16) (61 to 269) I(ms(rjézlrglssB
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Table A. Efficacy of migraine preventive pharmacological treatments, evidence from meta-analyzed randomized controlled clinical trials
that compared active drugs with placebo (continued)

Rate, Relative Absolute Number Attributable Strenath of Evidence
Active Preventive Outcome Sample Percent Risk Risk Needed to Events per (Reasc?ns for Lowerin
Treatment p With Drug (95% Cl) Difference Treat 1,000 Treated SOE) 9
[Placebo] 0 (95% CI) (95% CI) (95% CI)
. Low
Metoprolol for 250% decrease in 2.0 0.20 5 204 .
episodic migraine migraine frequency 225 39.9[19.4] (1.3t03.2) (0.09t0 0.3) (3to 11) (88 to 321) .(medlu.m.ROB,
imprecision)
. o . Low
Nimodipine for 250% decrease in 4.5 0.23 4 229 .
episodic migraine migraine frequency 126 28.6[6.3] (0.5t0 40.1) | (0.06t0 0.39) | (3to 16) (64 to 394) _(medlu_m_ROB,
imprecision)
. . Low
Magnesium for 250% decrease in 1.3 0.08 X .
episodic migraine migraine frequency 137 33.8[25.8] (0.7 t0 2.3) (-0.09 to 0.26) NS NS ?g;?gglssigenr;cy,

ClI = confidence interval; NS = Not significant; ROB = risk of bias; SOE = strength of evidence

Bold = significant effects of drugs on treatment response when 95% CI of attributable events per 1,000 treated do not include 0. Number needed to treat and number of attributable

events were calculated for statistically significant differences.
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Individual RCTs demonstrated that in patients with episodic migraine suffering from an
average of five migraine attacks per month the off-label anti-epileptics carbamazepin and
valproate (but not acetazolamide, lamotrigine, or oxcarbazepine) were better than placebo in
reducing monthly migraine attacks by >50 percent. Individual RCTs demonstrated that off-label
beta blockers acebutolol atenolol and nadolol (but not pindolol or alprenolol) were better than
placebo in reducing monthly migraine attacks by >50 percent.

Individual RCTs of angiotensin inhibiting drugs demonstrated promising results. The
angiotensin converting enzyme inhibitor captopril was examined in a single RCT. When tested in
adults with comorbid hypertension and depressive symptoms for whom previous antimigraine
drugs had been ineffective, the ACE inhibitor captopril was better than placebo in achieving
complete cessation of migraine and improvement in headache index by >50 percent and in
reducing depression symptoms. The ACE inhibitor lisinopril was better than placebo in reducing
migraine days and migraine severity in patients with episodic migraine with or without
hypertension. It reduced pain measured with SF-36, but did not decrease use of drugs for acute
migraine attacks.

The angiotensin Il antagonist candesartan was better than placebo in achieving a clinical
response defined as >50 percent reduction in migraine days, hours, and severity. Candesartan
also decreased migraine-related disability, but it had no effect on use of drugs for acute migraine
attacks. In contrast, angiotensin Il antagonist telmisartan was not better than placebo in reducing
monthly migraine attacks by >50 percent.

KQ1b. How do preventive pharmacologic treatments affect patient-centered
and intermediate outcomes when compared with active pharmacologic
treatments?

Pooled analysis was possible only for four paired drug comparisons (Table B). Most low-
strength direct comparative effectiveness evidence came from individual head-to-head RCTs that
demonstrated few significant differences between individual drugs.

Comparative Effectiveness of Onabotulinumtoxin A on Prevention
of Chronic Migraine

Five individual RCTs provided low-strength evidence about the comparative effectiveness of
onabotulinumtoxin A versus other drugs for chronic migraine prevention in 350 adults ages 18 to
65 with 12 to 24 monthly migraine days. Individual RCTs examined the comparative
effectiveness of onabotulinumtoxin A versus topiramate and found no significant differences in
likelihood of migraine prevention or improvement in migraine disability assessment. Absolute
scores of the Headache Impact Test were significantly better with topiramate than
onabotulinumtoxin A; however, need for acute drugs did not differ between the two. A single
RCT examined the comparative effectiveness of onabotulinumtoxin A versus divalproex sodium
and found no differences between the two drugs for migraine prevention, migraine-related
disability, or quality of life.
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Table B. Comparative effectiveness with migraine preventive drugs in adults, direct evidence from head-to-head randomized controlled

clinical trials

Active Pzract:;]t Absolute Number Attributable Strength of
Preventive Outcome samole | With Active Relative Risk Risk Needed To Events per Evidence
Treatment P [Control] (95% CI) Difference Treat 1,000 Treated (Reasons for

Drug (95% ClI) (95% CI) (95% ClI) Lowering SOE)
. 250% decrease in Low

Timolol vs. e 1.0 -0.03 .

propranolol ;mgralne 242 47.9 [52.1] (0.7101.2) (-0.15 t0 0.10) NS NS _(medlu_rn_ ROB,
reguency imprecision)
250% decrease in Low

Propranolol vs. L 0.8 -0.12 .

metoprolol ][mgralne 113 38.2150.0] (0.5t01.2) (-0.30 to 0.06) NS NS (medlum ROB,
reguency imprecision)
250% decrease in Low

Propranolol vs. L 2.3 0.27 4 274 .

Nifedipine migraine 76 46.2[18.9] | (1110 4.6) (0.09t0 0.46) | (2to 11) (89 to 458) (high ROB,
requency imprecision)
250% decrease in Low (medium

Metoprolol vs. L 1.6 0.11

Aspirin migraine 326 83.1[39.3] | 9 21011.0) (-043100.65) | NS NS ROB,
frequency imprecision)

CI = confidence interval; NS = not significant; ROB = risk of bias; SOE = strength of evidence

Bold = significant effects of drugs on treatment response when 95% CI of attributable events per 1,000 treated do not include 0. Number needed to treat and number of attributable
events were calculated for statistically significant differences. Line 3 is in bold.
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Comparative Effectiveness of Approved Drugs on Prevention of
Episodic Migraine

Pooled analyses demonstrated that decrease in headache frequency by>50 percent did not
differ with propranolol versus timolol or versus metoprolol (Table B). Propranolol was better
than nifedipine in reducing monthly headache intensity by >50 percent. Indirect adjusted analysis
demonstrated no differences among approved drugs in reducing monthly headache frequency by
>50 percent. Exploratory network Bayesian meta-analyses demonstrated that approved drugs
were similarly better than placebo. Among off-label drug classes, angiotensin inhibiting drugs
demonstrated the largest significant odds of reducing monthly migraine by >50 percent (Figure
B).

Figure B. Bayesian network meta-analysis of clinical response to drugs versus placebo (66 RCTs
of 14,774 adults) in randomized controlled clinical trials that aimed to prevent migraine in adults

Active drug (RCTs in network meta-analysis/subjects Median Bayesian
in the analyses) Odds ratio (2.5%; 97.5 Crl)
Approved
Topiramate (16/1,812) R 2.48 (1.69, 3.60)
Divalproex (8/419) m— 3.24(1.97,5.61)
Propranolol (24/1,172) . — 2.87 (2.04, 4.15)
Off label
Angiotensin inhibiting drugs (5/180) 5.85(2.53, 14.65)
NSAID (9/11,442) " 2.54 (1.42, 4.66)
Beta-blockers (17/714) — 3.37(2.31,5.30)
Antidepressant (10/595) —_— 2.12 (1.33, 3.59)
Antiepileptic (9/457) A 2.16(1.32,3.52)
Ergot alkaloids (2/259) . 1.50 (0.63, 3.74)
Clonidine (7/271) - 3.66 (2.04, 6.49)
Ca"" blockers (4/136) 2.77 (0.99, 6.30)
T T
iS5 Favors placebo 1 Favors active drug 15

Crl = credible intervals; NSAID = nonsteroidal anti-inflammatory drugs

Clinical response was defined as >50% reduction in monthly migraine attacks or perceived clinically important treatment
success. We used heterogeneous random effects model that assumes correlation within study (rho = 0.5) and heterogeneous
between studies (WinBUG codes are in Appendix B).
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KQ1lc. How do preventive pharmacologic treatments affect patient-centered
and intermediate outcomes when compared with active nonpharmacologic
treatments?

One RCT provided low-strength evidence that the likelihood of reducing monthly migraine
frequency by >25 percent did not differ between propranolol and an intervention consisting of
diaphragmatic breathing and systematic relaxation assisted by biofeedback and practiced at
home. One RCT provided low-strength evidence that the likelihood of reducing monthly
migraine frequency by >50 percent did not differ between exercising for 40 minutes three times a
week, relaxation technique, or daily topiramate use.

KQ1d. How do preventive pharmacological treatments combined with
nondrug treatments affect patient-centered and intermediate outcomes
when compared with pharmacologic treatments alone?

Individual RCTs did not provide sufficient evidence to conclude whether combined therapy
was more effective than drugs alone.

KQel. How might dosing regimens or duration of treatments influence the
effects of the treatments on patient-centered outcomes?

Individual RCTs provided low-strength evidence that increasing the dose of
onabotulinumtoxin A, topiramate, venlafaxine, pindolol, nadolol, and bisoprolol resulted in a
higher response rate. In contrast, higher doses of divalproex, amitriptyline, or propranolol did not
result in greater likelihood of clinically important reduction in migraine frequency.

KQe2. How might approaches to drug management (such as patient-care
teams, integrated care, coordinated care, patient education, drug
surveillance, or interactive drug monitoring) influence results?

Six individual RCTs examined effectiveness of drug management for migraine prevention in
3,825 adults. Four RCTs examined the effectiveness of a multidisciplinary migraine management
program compared with usual care. The trials offered low-strength evidence that
multidisciplinary team care improved quality of life and reduced migraine-related disability; a
headache management program resulted in complete cessation of migraine; a minimal-contact
cognitive-behavioral program improved patient satisfaction with treatments; headache school
decreased overuse of drugs for acute headache attacks and reduced migraine disability.

Two RCTs examined the effectiveness of pharmacist-led drug management. The studies
provided low-strength evidence that pharmaceutical care improved self-efficacy; an intensive
pharmaceutical care campaign had no statistically significant impact on use of acute drugs.

KQ 2. What are the comparative harms from pharmacologic treatments for
preventing migraine attacks in adults?

We identified 15 RCTs and six nonrandomized studies that examined the safety of
onabotulinumtoxin A for chronic migraine prevention in adults. We identified 159 RCTs of
18,134 adults that examined the safety of drugs for episodic migraine prevention in adults. We
concluded that the results of these trials, which were a subset of RCTs that examined benefits
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with drugs for episodic migraine prevention in adults, are applicable to the target population. The
trials enrolled an average of 78 percent women. Mean age of the enrollees varied from 29 to 49
years. Patients had an average 5.5 monthly migraine attacks. On average, followup time for
assessing adverse effects was 18 weeks. The sample size averaged 116 adults (range 12 to 818).

RCTs reporting harms were not necessarily powered to detect statistically significant
differences in adverse effects. We concluded medium risk of bias in 104 RCTs and low risk of
bias in 36 RCTs. Most studies (133 RCTs) were double blind. We focused on treatment
discontinuation due to any and specific adverse effects from pooled analyses.

KQ2a. What are the harms from preventive pharmacologic treatments
when compared with placebo or no active treatment?

Adverse Effects With Drugs for Chronic Migraine

Onabotulinumtoxin A resulted in adverse effects and treatment discontinuation due to
adverse effects more often than placebo (Table C). Increase in risk of adverse effects was dose
responsive. Increasing doses of onabotulinumtoxin A to 150 to 225U resulted in greater risk of
blepharoptosis, muscle weakness, and neck rigidity. Among specific adverse effects,
onabotulinumtoxin A increased risk of back or neck pain, dysphagia, hypertonia, blepharoptosis,
and muscle weakness.

Adverse Effects With Drugs for Episodic Migraine

Bothersome adverse effects leading to treatment discontinuation were examined in 68 RCTSs.

Topiramate in doses of 100 and 200 mg/day (but not 50 mg/day) resulted in treatment
discontinuation due to adverse effects more often than placebo (Table C). Published pooled
analysis of individual patient data demonstrated discontinuation of topiramate treatment due to
anorexia, anxiety, depression, and hypesthesia. Larger doses of topiramate caused higher risk of
anorexia, depression, paresthesia, and difficulty in memory leading to treatment withdrawal.
Larger doses of topiramate caused higher risk of dry mouth, paresthesia or fatigue, mood
problems, nausea, and weight loss.

In comparisons of divalproex or valproate versus placebo, treatment discontinuation due to
any adverse effects did not differ. However, individual RCTs reported that divalproex caused
nausea, somnolence, tremor, vomiting, and asthenia, leading to treatment discontinuation.

Propranolol caused bothersome adverse effects leading to treatment discontinuation more
often than placebo (Table C). Among specific adverse effects, propranolol increased risk of
diarrhea and nausea. Timolol increased risk of any adverse effects but not bothersome harms that
led to treatment discontinuation.

Among off-label drugs, pooled analyses demonstrated that the off-label antidepressant
amitriptyline caused bothersome adverse effects leading to treatment discontinuation more often
than placebo (Table C).
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Table C. Treatment discontinuation due to adverse effects with migraine preventive drugs in adults, evidence from meta-analyzed
randomized controlled clinical trials

Rate, Absolute Risk Number Attributable
Active Preventive Sample Percent With | Relative Risk Difference Needed To Events per Strength of Evidence
Treatment P Active Drug (95% CI) (95% Cl) Treat 1,000 Treated (Reasons for Lowering SOE)
[Control] 0 (95% CI) (95% CI)
Compared With Placebo
. . 3.2 0.03 38 (23 to Moderate
Onabotulinumtoxin A 1,384 3.8[1.1] (1410 7.1) (0.01 to 0.04) 100) 26 (10 to 43) (medium ROB)
. 1.8 0.06 Low
Topiramate 2,055 16.6 [8.5] (1310 2.4) (0.02 t0 0.11) 16 (9to 53) 63 (19 to 107) (medium ROB, Imprecise)
12 0.02 Low
Divalproex 346 9.8 [7.8] (05102.7) (-0.05 10 0.10) NS NS (medlqm ROB, imprecise,
inconsistent)
1.3 0.01 Low
Valproate 150 6.7[5.3] (0.3t04.9) (-0.07 to 0.08) NS NS (medium ROB, imprecise)
2.1 0.06 Low
Propranolol 221 13.2 [5.6] (6 6107.7) (6 00 t0 0.12) 16 (8to 333) | 62 (3 to 120) (medium ROB, imprecise,
) ) ) ) inconsistent)
. 1.9 0.07 Low
Gabapentin 210 17.0[7.7] (0.91t04.2) (-0.01t0 0.15) NS NS (medium ROB, imprecise)
o 2.4 0.14 Low
Lamotrigine 178 12.86.0] (0.5t012.2) (-0.17 t0 0.44) NS NS (imprecise, inconsistent)
T 1.9 0.05 19 (10to Low
Amitriptyline 507 11.2[5.8] (1.0to 3.5) (0.01t0 0.10) 167) 54 (610 102) (medium ROB, imprecise)
. 1.9 0.05 Low
Femoxetine 124 11.716.3] (0.6t06.1) (-0.05t0 0.15) NS NS (medium ROB, imprecise)
. 2.8 0.02 Low
Clonidine 334 24[0.6] (0.41018.5) | (-0.01 t0 0.05) NS NS (medium ROB, imprecise)
0.7 0.03 Low
Nimodipine 155 3.9[6.3] (0.2 t0 2.6) (-0.09 t0 0.04) NS NS (medlqm ROB, imprecise,
inconsistent)
2.3 0.02 Low
Naproxen 172 3.5[1.2] (0.3 0 15.4) (-0.03 t0 0.07) NS NS _(hlgh R_’OB, imprecise,
inconsistent)
. 3.8 0.06 Low
Magnesium 150 77 [14] (0.7 t0 22.4) (0.00t0 0.13) NS NS (inconsistent, imprecise)
Compared With Active Treatment
. L 0.9 -0.04 Low
Topiramate vs. mitriptyline | 399 18.3[21.3] (0.6 10 1.3) (-0.11 10 0.04) NS NS (medium ROB, imprecision)

CI = confidence interval; NS= not significant; ROB = risk of bias; SOE = strength of evidence
Bold = significant effects of drugs on treatment response and discontinuation due to adverse effects when 95% CI of attributable events per 1,000 treated do not include 0. Number
needed to treat and number of attributable events were calculated for statistically significant differences. Lines 1, 2, 5, and 8 are in bold.
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KQ2b. What are the harms from preventive pharmacologic treatments
when compared with active pharmacologic treatments?

Comparative Harms With Drugs for Prevention of Chronic
Migraine
Individual RCTs demonstrated less frequent treatment discontinuation due to adverse effects

with onabotulinumtoxin A than topiramate or amitriptyline. Onabotulinumtoxin A versus
divalproex sodium resulted in a higher risk of ptosis.

Comparative Harms With Drugs for Prevention of Episodic
Migraine

Pooled analysis showed no differences in treatment discontinuation with topiramate versus
amitriptyline (Table C). Individual unique RCTs provided low-strength direct evidence about
adverse effects with specific drugs. We observed no consistent pattern across available drug
comparisons.

Indirect adjusted analyses demonstrated no differences in treatment discontinuation due to
adverse effects with approved drugs or approved versus off-label drugs. Exploratory Bayesian
network meta-analyses demonstrated that topiramate and off-label antiepileptics and
antidepressants resulted in bothersome adverse effects leading to treatment discontinuation more
often than placebo (Figure C). According to network meta-analysis, off-label angiotensin
inhibiting drugs and beta-blockers were the safest treatment option for adults with episodic
migraine.

KQ2c. How might approaches to drug management (such as patient-care
teams, integrated care, coordinated care, patient education, drug
surveillance, or interactive drug monitoring) influence results?

We found no studies that examined adverse effects with drug management interventions.
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Figure C. Bayesian network meta-analysis of treatment discontinuation due to intolerable adverse
effects with drugs versus placebo (47 RCTs of 3,054 adults) in randomized controlled clinical trials
that aimed to prevent migraine in adults

Median Bayesian

Active drug (RCTs in network meta-analysis/ Odds ratio (2.5%; 97.5 Crl)

subjects in the analyses)

Approved
Topiramate (11/1,266)
Divalproex (6/363)
Propranolol (11/662)
Timolol (1/47)

Off label

Antiepileptic (9/435)
Beta-blockers (8/427)
Antidepressants (10/646)
Ca™" blockers (5/134)
Ergot alkaloids (6/283)
NSAID (3/124)
Clonidine (3/198)

2.41 (1.52,4.07)
1.85 (0.84, 4.74)
1.21 (0.57, 2.54)
2.47 (0.15, 42.54)

2.73 (1.38, 5.47)
0.30 (0.07, 0.83)
2.29 (1.28, 4.15)
2.11 (0.68, 5.98)
1.42 (0.55, 3.27)
1.57 (0.33,7.12)
1.91 (0.48, 9.86)

I 1
.05 Favors active drug 1 Favors Placebo 45

Crl = credible intervals; NSAID = nonsteroidal anti-inflammatory drugs; RCT = randomized controlled trial

KQ 3. Which patient characteristics predict the effectiveness and safety of
pharmacological treatments for preventing migraine attacks in adults?

Evidence was limited to individual RCTs that examined the drug effect modification by
selected patient characteristics.

Baseline Migraine Frequency

Onabotulinumtoxin A was more effective in patients with a higher mean baseline migraine
frequency according to a single RCT from the BOTULINUM TOXIN North American Episodic
Migraine Study Group. Onabotulinumtoxin A decreased the likelihood of acute drug use in
patients with a baseline of more than 12 monthly migraine days (RR 0.78, 95% CI, 0.66 to 0.92).

Amitriptyline was better than placebo in reducing monthly migraine, but only in patients with
depression or with baseline frequent and severe migraine. A higher dose of amitriptyline
increased the odds of reducing monthly migraine by >50 percent, and the response increased in
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association with increased baseline migraine days (odds ratio 2.4, 95% ClI, 1.45 to 3.8 for every
additional day of migraine at baseline).

Concurrent Prophylactic Medication Use

Onabotulinumtoxin A more often than placebo led to adverse effects, blepharoptosis, muscle
weakness, and neck pain, regardless of concurrent prophylactic medication use, according to the
BOTULINUM TOXIN CDH Study Group.

Sex

Topiramate caused a complete cessation of migraine attacks in women but not in men
according to one low-risk-of-bias RCT. Per 1,000 women treated, topiramate would cause a
complete cessation of migraine attacks in 37 (95% CI, 8 to 67) and a reduction of monthly
migraine attacks by >50 percent in 249 (95% CI, 178 to 320). However, both men and women
experienced a reduction of monthly migraine 75 to 90 percent more often with topiramate than
with placebo.

Prior Medication Use

One RCT that examined adding propranolol to topiramate for subjects who had chronic
migraine and for whom previous topiramate monotherapy failed. The study separated subgroups
by prior topiramate use or overuse of the drugs for acute migraine. Propranolol with topiramate
was not better than topiramate alone in reducing migraine frequency, regardless of the prior drug
history of the patients. Changes in quality of life score (from baseline) varied depending on prior
topiramate use. Patients with prior stable topiramate use experienced worsening in quality of life
with combined therapy versus improvement in quality of life with topiramate monotherapy. In
contrast, patients without stable prior topiramate use experienced improvement in quality of life
with combined therapy versus statistically insignificant changes with topiramate monotherapy.

Presence of Aura

No trials directly compared drug effects in patients with and without aura. Several post hoc
subgroup analyses of topiramate versus placebo provided inconsistent evidence of the drug
efficacy in respect to aura. Two publications suggested that topiramate was better than placebo in
patients with aura. Post hoc subgroup analysis of one RCT found statistically significant
reduction in migraine frequency with topiramate versus placebo (-2.43 vs. -0.79 respectively, p
value = 0.02) only in subjects with aura. Post hoc subgroup analysis of the other RCT found that
in patients with aura, topiramate was better than placebo reducing migraine frequency, number
of migraine days, severity and duration of attacks, and photophobia. In contrast, post hoc
analysis of the Prolonged Migraine Prevention (PROMPT) found that topiramate efficacy was
similar in patients with and without aura.

Gabapentin reduced migraine attack frequency and intensity significantly more than placebo
regardless of the presence of aura (insignificant interaction test). Patients with aura experienced
slightly greater reduction in migraine frequency (mean difference -2.2, 95% ClI, -2.7 to -1.7) than
patients without aura (mean difference -1.6, 95% Cl, -2.2 to -0.9). Patients with aura experienced
slightly greater reduction in migraine intensity (mean difference -0.83, 95% CI, -1.12 to -0.54)
than patients without aura (mean difference -0.42, 95% CI, -0.77 to -0.07).
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Discussion

All approved drugs, some off-label beta blockers, and the angiotensin inhibiting drugs were
better than placebo in reducing monthly migraine frequency by>50 percent (clinical response).
The relative effect size of drugs was moderate: drugs would result in to 200 to 400 cases of
clinical response (>50 percent reduction in monthly migraine frequency) per 1,000 treated.

Critical assessment of the strength of the available evidence suggested low risk of bias in one
third of included RCTs and medium risk of bias in more than half of included RCTs. Strength of
evidence was moderate only for topiramate, and low for other drugs due to risk of bias and
imprecise estimates. Many authors of individual trials did not provide sufficient details about
allocation concealment methods or about planned measurements of clinically important changes
in quality of life scores and did not use intention-to-treat principles for all examined outcomes.
We incorporated risk of bias in our evaluation of strength of evidence, but we could not estimate
the effect of risk of bias criteria on drug benefits or safety because most evidence came from
individual RCTs. We found it difficult to evaluate the role of financial conflict of interest and
industry sponsor participation in data analyses and interpretation because many studies were
conducted prior to mandatory requirements for financial disclosure, leading to inconsistent
reporting and insufficient detail from individual studies.* For instance, the same authors
disclosed no or different relationships with industry in multiple publications. Subjects’ baseline
severity and frequency of migraine attacks as well as comorbidities and concomitant treatments
were also inconsistently reported.

The results were applicable to the target population since trials enrolled predominantly
middle-aged Caucasian women. However, average treatment effects in a clinically diverse
population may not reflect the actual effects for a specific subgroup.®* Very few studies provided
evidence for individualized treatment decisions with clear descriptions of planned stratified
randomization and subgroup analyses. Published RCTs rarely reported important patient
characteristics that could modify drug effects (family history of migraine, socioeconomic status,
or a response to prior preventive treatments).** No trials examined the role of genetic
polymorphism in drug metabolism and effects. Migraine prevention trials did not address
teratogenic effects, anorgasmia, impotence, and other harms of anti-epileptic drugs that can deter
long-term adherence to preventive drugs.

Few RCTs reported treatment effects in patient subgroups. Low strength of evidence
suggested that onabotulinumtoxin A and amitriptyline were more effective in patients with
frequent baseline migraine suffering from >15 monthly migraine days. Our review demonstrated
that a relative risk of adverse effects with onabotulinumtoxin A was lower in trials with higher
placebo rates of adverse effects. Previous research demonstrated that compared with patients
with epilepsy, patients with migraine more often quit taking topiramate due to bothersome
adverse effects.®® Most trials in our review excluded patients with severe medical or psychiatric
illnesses, stroke, and vascular migraine. Substantial variability in reporting comorbidities
prevented us from using this information in quantitative synthesis of evidence.

Comparative effectiveness and safety with preventive drugs were examined in individual
RCTs that failed to meet pooling criteria. Variability in examined drug comparisons in head-to-
head RCTs precluded meta-analysis of direct evidence. However, because we found no
differences across RCTs in baseline patient characteristics, indirect comparisons were feasible.
Thus, we conducted Bayesian network meta-analyses, which indicated that angiotensin inhibiting
drugs and beta blockers were the most effective and tolerable drugs. Head-to-head trials were not
designed to test safety with migraine preventive drugs. Network meta-analysis demonstrated that
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patients stopped taking active drugs more often than placebo with topiramate, off-label
antiepileptics, antidepressants, and ergot alkaloids. Individual adverse effects varied depending
on the pharmacodynamic properties of the drugs. Multidisciplinary drug management programs
demonstrated improvement in migraine-related disability and patient satisfaction, but long-term
adherence and benefits are unclear.

The few RCTs that examined quality of life provided no consistent evidence of improvement
with examined drugs. The authors rarely measured quality of life using the disease-specific
Migraine Specific Questionnaire, Migraine Disability Assessment, or the Headache Impact Test.
We could not determine the clinical importance of statistically different changes in scores.

Our review has implications for clinical practice. Informed decisions in clinical settings
should take into account the rates of benefits and harms attributable to specific drugs.®” The most
recent guidelines from the American Academy of Neurology and the American Headache
Society recommend the four FDA-approved drugs—the antiepileptics topiramate and divalproex
and the beta-blockers propranolol and timolol—for adult migraine prevention.*®

The aforementioned guidelines, which focused on published evidence, differed in regard to
recommending off-label drugs. Further, current guidelines do not include consideration of the
balance between benefits and harms of drugs as a basis for clinical decisonmaking.*® Our review
analyzed benefits and harms of drugs and provided evidence for using effective and relatively
safe off-label angiotensin inhibiting drugs and off-label beta-blockers as alternatives based on
patient preferences, comorbidities, and contraindications to the medications.

The most effective and safest drugs should be the first choice in adult migraine prevention.
We found no published controlled observational studies about preventive drug use or about
comparative effectiveness of approved versus off-label drugs. We found no studies that
examined use of medical treatment for adverse effects with drugs.

Some evidence suggests that off-label drug use is common in the United States, with little or
no scientific support.* For instance, the Institute for Healthcare Informatics Health National
Disease and Therapeutic Index analysis suggested that 20 percent of all outpatient drug
prescriptions for adults were for off-label uses, with the most common being anticonvulsants,
gabapentin, and amitriptyline hydrochloride.** We found that off-label antiepileptics and
antidepressants demonstrated worse benefits and safety profiles than beta blockers or angiotensin
inhibiting drugs. Evidence of off-label drug use and associated adverse effects has been
evaluated with prospective pharmacovigilance surveys in European countries.***® Routine
monitoring of harms with off-label drugs via collecting and analyzing evidence of comparative
safety in clinical settings is needed in the United States.

Our review found poor results availability from all conducted studies and possible reporting
bias in outcomes reporting from completed and published studies. We restricted our review to
studies published in English in journals, reviewed by the FDA, or reported on the
ClinicalTrials.gov Web site. Even after such a comprehensive review of evidence, we do not
know how many funded but unregistered studies we may have missed in our review. Published
articles rarely provided unique trial registration numbers from ClinicalTrials.gov. We concluded
multiple reports of the same data based on available information and did not contact the authors
for further clarification. We suspected selective harms reporting because published articles
reported common and expected adverse effects. In contrast, few RCTs that posted results on the
Clinicaltrials.gov Web site reported all harms regardless of rates or assumed causal association
with active drugs.
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Our report has limitations. We did not contact the authors requesting unreported benefits and
harms. In cases of poor reporting of risk of bias criteria, we did not contact the authors for
additional details about methodological quality. Vast variability in examined treatment options,
risk of bias, and imprecise estimates from small individual RCTs hampered synthesis of
evidence. We found no evidence of consistent baseline differences in enrolled populations by
age, proportion of women, and baseline frequency of migraine. We used indirect network meta-
analysis to synthesize treatment effects of several pharmacologic classes. However, indirect
comparisons did not address unreported baseline differences in comorbidities or in
socioeconomic status. We did not grade strength of evidence for flunarizine, a drug widely used
in other countries, because the FDA has not approved it.

Future Research Needs

We identified gaps and biases in available evidence that should direct future research. Well-
designed randomized clinical trials should examine the comparative effectiveness of the
approved drugs and the most effective off-label ACE inhibitors, angiotensin Il blockers, and off-
label beta blockers. Future trials should examine the potential treatment-modifying effects of
patient age, sex, race, migraine family history, comorbidities, and prior treatment with migraine
preventive drugs. Observational studies should analyze off-label drug use and comparative
effectiveness and safety with migraine preventive drugs. Analysis of administrative databases
should examine emergency and doctor visits among adults taking migraine preventive drugs.
Prospective pharmacovigilance methods should be used for routine monitoring of off-label drug
use and associated adverse effects with migraine preventive drugs. The long-term preventive
benefits of and adherence to drugs are unknown. Evidence on improving quality of life was
inconsistent across individual drugs. Evidence for individualized treatment decisions is very
limited. Future research is needed for identifying the treatment modifying effects of patient
characteristics on long-term drug benefits and safety.

Our review provides a comprehensive network analysis of comparative effectiveness and
harms with migraine preventive drugs in adults. We concluded that angiotensin inhibiting drugs
demonstrated the most effective migraine prevention without bothersome adverse effects leading
to treatment discontinuation. All approved drugs (onabotulinumtoxin A, topiramate, divalproex,
timolol, and propranolol) and off-label beta blockers were better than placebo in reducing
monthly migraine frequency by >50 percent. However, topiramate and off-label antiepileptics
and antidepressants resulted in bothersome adverse effects leading to treatment discontinuation
more often than placebo.
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Key Messages

Efficacy and Comparative Effectiveness of Pharmacologic
Treatments for Preventing Migraine Attacks in Adults

Effect of Preventive Pharmacologic Treatments on Patient-Centered
and Intermediate Outcomes Compared With Placebo or no Active
Treatment

For chronic migraine, onabotulinumtoxin A was more effective than placebo in reducing
monthly chronic migraine attacks by >50 percent with inconsistent improvement in
quality of life.

For episodic migraine, all approved drugs (topiramate, divalproex, propranolol, and
timolol) were better than placebo in reducing monthly migraine frequency by>50 percent
(clinical response).

Relative effect of drugs was moderate: drugs would result in clinical response in 200 to
400 patients per 1,000 treated.

Strength of evidence was low due to medium risk of bias and imprecise estimates.
Low-strength evidence from individual RCTs suggested a dose-responsive increase in
migraine prevention with higher doses of onabotulinumtoxin A and topiramate (from 50
t0100 mg with no additional benefits with 200 mg/day).

Among off-label drugs, pooled analyses offered low-strength evidence that the
antiepileptic gabapentin, beta-blocker metoprolol, and the calcium channel blocker
nimodipine were better than placebo in reducing monthly migraine attacks by >50
percent.

Individual RCTs offered low-strength evidence that the off-label beta blockers acebutolol
atenolol and nadolol were better than placebo in reducing monthly migraine attacks by
>50 percent. Individual RCTs demonstrated that angiotensin converting enzyme
inhibitors captopril and lisinopril and angiotensin 11 antagonist candesartan were better
than placebo in reducing monthly migraine attacks by >50 percent.

Effect of Preventive Pharmacological Treatments on Patient-Centered
and Intermediate Outcomes Compared With Active Pharmacological
Treatments

Individual RCTs provided low-strength direct evidence about the comparative
effectiveness of drugs and demonstrated few significant differences between drugs.
Indirect adjusted analysis demonstrated no differences between approved drugs and
greater odds of a clinical response with the angiotensin Il antagonist candesartan.
Exploratory network Bayesian meta-analyses demonstrated that approved drugs were
similarly better than placebo. Among off-label drug classes, angiotensin inhibiting drugs
demonstrated the largest significant odds of reducing monthly migraine by>50 percent.
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Effect of Preventive Pharmacologic Treatments on Patient-Centered
and Intermediate Outcomes Compared With Active

Nonpharmacologic Treatments
e Individual RCTs provided low-strength evidence of no difference between propranolol
and biofeedback for achieving a >50 percent reduction in monthly migraine attacks.

Influence of Approaches to Drug Management Versus Usual Care
(Such as Patient-Care Teams, Integrated Care, Coordinated Care,
Patient Education, Drug Surveillance, or Interactive Drug Monitoring)
e Multidisciplinary team care improved quality of life and reduced migraine-related
disability.
e A headache management program resulted in complete cessation of migraine (100
percent reduction in monthly migraine attacks).
e A cognitive-behavioral minimal contact program improved patient satisfaction with
treatments.
e Headache school decreased overuse of acute drugs and reduced migraine disability.
e An intensive pharmaceutical care campaign had no statistically significant impact on use
of drugs for acute attacks.

Comparative Harms From Pharmacological Treatments for Preventing

Migraine Attacks in Adults

e Among approved drugs, onabotulinumtoxin A, topiramate, and propranolol resulted in
bothersome adverse effects leading to treatment discontinuation more often than placebo.

e The association was dose responsive for topiramate. Larger doses of topiramate caused
higher risk of anorexia, depression, paresthesia, and difficulty in memory leading to
treatment withdrawal. Larger doses of topiramate caused higher risk of dry mouth,
paresthesia or fatigue, mood problems, nausea, and weight loss.

e Individual RCTs showed that divalproex led to treatment discontinuation due to adverse
effects that included nausea, somnolence, tremor, vomiting, and asthenia.

e Among other drugs, pooled analyses demonstrated that off-label antidepressant
amitriptyline caused bothersome adverse effects leading to treatment discontinuation
more often than placebo.

e Limited low-strength evidence from individual head-to-head RCTs suggested that
treatment discontinuation due to adverse effects was less frequent with
onabotulinumtoxin A than topiramate or amitriptyline.

e Individual unique RCTs provided low-strength direct evidence about adverse effects with
specific drugs, with no consistent pattern across available drug comparisons.

e Indirect adjusted analyses demonstrated no differences in treatment discontinuation due
to adverse effects with approved drugs or approved versus off-label drugs. Exploratory
Bayesian network meta-analyses demonstrated that topiramate, off-label antiepileptics,
and antidepressants resulted in bothersome adverse effects leading to treatment
discontinuation more often than placebo. According to network meta-analysis, off-label
angiotensin inhibiting drugs and beta-blockers were the safest treatment option for adults
with episodic migraine.
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Influence of Patient Characteristics on the Effectiveness and Safety of
Pharmacological Treatments for Preventing Migraine Attacks in

Adults
Evidence was limited to individual RCTs that examined the drug effect modification by

selected patient characteristics.

Onabotulinumtoxin A was more effective in patients with a higher mean baseline

migraine frequency.

Amitriptyline was better than placebo in reducing monthly migraine, but only in patients
with frequent migraine attacks and in depressed patients with baseline severe migraine.
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Introduction

Migraine is a central nervous system disorder characterized by vascular headaches.* Migraine
headaches range from moderate to very severe, can cause debilitating pain, and can last from 4 to
72 hours.>? In the United States, migraine affects 17 percent of women and 6 percent of men.*”
The cumulative lifetime incidence of migraine in the U.S. population is 43 percent for women
and 18 percent for men.®

Although the frequency and severity of migraine vary considerably, the American Migraine
Prevalence and Prevention expert advisory group recommends that prevention for episodic
migraine defined as >4 monthly migraine days with normal functioning or >2 migraine days with
severe impairment.® For 1.4 to 2.2 percent of those who experience migraine, the condition is
chronic'® as defined by the National Headache Foundation (i.e., headache that occurs >15 days
per month for at least 3 months).™*? Both migraine types significantly affect patients’ physical,
psychological, and social well-being and can impose serious lifestyle restrictions.

Migraine also exacts a heavy economic toll. Each year, lost work time and diminished
productivity from migraines cost American employers $225.8 billion.**** Forty percent of adults
with episodic migraine and all adults with chronic migraine might benefit from preventive
medication,>***’ thus reducing lost productivity and work time. Yet, results from several studies
demonstrate that only 12.4 percent of adults who experience migraine take preventive
medication.*>*®7

Migraine pain results primarily from increased activity of several agents that regulate blood
vessels and sensory function of the brain.* In about 15 percent of patients, migraine attacks may
be accompanied by aura (visual, sensory, or language symptoms). Other accompanying
symptoms may include photophobia (excessive sensitivity to light), phonophobia (fear of loud
sounds), osmophobia (hypersensitivity to smells), nausea, or vomiting.?

Preventive medications from several drug classes presumably affect various aspects of
migraine pathophysiology.'®*® The four drugs approved by the U.S. Food and Drug
Administration (FDA) for episodic migraine prevention in adults are propranolol, timolol,
topiramate, and divalproex sodium.?® For chronic migraine, the FDA has approved only one
drug, onabotulinumtoxin A. Doctors also prescribe off-label drugs (approved for clinical
conditions other than migraine prevention) for migraine prevention, including novel antiepileptic
drugs, calcium channel blockers, serotonin and noradrenaline reuptake inhibitors, glutamate
blockers, and drugs from several other classes.?**

Preventive treatment aims to eliminate headache pain without intolerable harms.
However, some degree of pain often persists; therefore, treatment success is usually defined by a
decrease in migraine frequency by>50 percent after 3 months.? In addition to relieving pain,
preventive drugs can decrease severity of migraine attacks, reduce use of acute drugs, improve
quality of life, normalize brain activity, and eliminate photophobia, phonophobia, nausea, and
vomiting.?>%°

Long-term adherence to preventive treatments is low. Between 17 and 29 percent of patients
discontinue medication because of adverse effects such as anxiety, nausea, vomiting, reduced
sleep time, drowsiness, and weakness.?”?® Drug choices are based on efficacy and adverse effects
as well as headache frequency, presence of aura, and comorbid conditions.™**?*2%% gome
guidelines recommend preventive treatments for patients who have five or more migraine attacks
per month,* while others suggest it for those who experience a headache on most days of the
month.***23! Often, preventive treatment is recommended for only 6 to 9 months; however, very
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limited research exists regarding migraine frequency after discontinuation of preventive
treatment.?

Several gaps remain in published literature on preventive treatments for migraines.
Systematic reviews have focused on the efficacy of specific drugs rather than comparative
effectiveness of all pharmacologic and nonpharmacologic treatment options.* Little attention has
been paid to the comparative effectiveness of off-label drugs used for migraine prevention.
Published reviews have not examined quality of life. Clinical reviews have compared the safety
with only a few drugs.**** The majority of patients seen in headache specialty clinics that
practice multidisciplinary coordinated care had chronic migraine.®

Our review focuses on the comparative effectiveness and safety of the drugs used for
migraine prevention in adults; our results may help inform treatment recommendations. By the
nature of the question, this review focuses on outpatient care.

Topic Refinement and Review Protocol

The topic was anonymously nominated via the public domain. During the topic refinement
stage, we solicited input from Key Informants representing medical professional
societies/clinicians in the areas of neurology, primary care, consumers, scientific experts, and
payers, to help define the Key Questions (KQs).3* The KQs were then posted for public comment
for 4 weeks, and the comments received were considered in the development of the research
protocol. We next convened a Technical Expert Panel (TEP) comprising clinical, content, and
methodological experts to provide input in defining populations, interventions, comparisons, and
outcomes, and in identifying particular studies or databases to search. The Key Informants and
members of the TEP were required to disclose any financial conflicts of interest greater than
$10,000 and any other relevant business or professional conflicts. Any potential conflicts of
interest were balanced or mitigated. Neither Key Informants nor members of the TEP performed
analysis of any kind, nor did any of them contribute to the writing of this report. Members of the
TEP were invited to provide feedback on an initial draft of the review protocol, which was then
refined based on their input, reviewed by AHRQ, and posted for public access from April 12,
2012, to May 10, 2012, at the AHRQ Effective Health Care Web site.

We conducted a comprehensive literature review following the principles in the “Methods
Guide for Effectiveness and Comparative Effectiveness Reviews” (hereafter Methods Guide)
developed by the Agency for Healthcare Research and Quality (AHRQ) Evidence-based Practice
Center Program®® and PRISMA guidelines.®’ The protocol is posted in the systematic review
registry (protocol registration number is CRD42012001918, available at
www.crd.york.ac.uk/prospero/display_record.asp?ID=CRD42012001918).%®

Key Questions

KQ 1. What are the efficacy and comparative effectiveness of
pharmacologic treatments for preventing migraine attacks in adults?
a. How do preventive pharmacologic treatments affect patient-centered and intermediate
outcomes when compared with placebo or no active treatment?

b. How do preventive pharmacologic treatments affect patient-centered and intermediate
outcomes when compared with active pharmacologic treatments?



c. How do preventive pharmacologic treatments affect patient-centered and intermediate
outcomes when compared with active nonpharmacologic treatments?

d. How do preventive pharmacologic treatments combined with nondrug treatments affect
patient-centered and intermediate outcomes when compared with pharmacologic
treatments alone?

e. How might dosing regimens or duration of treatments influence the effects of the
treatments on patient-centered outcomes? How might approaches to drug management
(such as patient-care teams, integrated care, coordinated care, patient education, drug
surveillance, or interactive drug monitoring) influence results?

KQ 2. What are the comparative harms from pharmacologic treatments for
preventing migraine attacks in adults?

a. What are the harms from preventive pharmacologic treatments when compared with
placebo or no active treatment?

b. What are the harms from preventive pharmacologic treatments when compared with
active pharmacologic treatments?

c. How might approaches to drug management (such as patient-care teams, integrated care,
coordinated care, patient education, drug surveillance, or interactive drug monitoring)
influence results?

KQ 3. Which patient characteristics predict the effectiveness and safety of
pharmacologic treatments for preventing migraine attacks in adults?



Methods

We followed an a priori research protocol that we developed with the clinical and
methodological input of a technical expert panel. The protocol followed the Effective Health
Care Program’s “Methods Guide for Effectiveness and Comparative Effectiveness Review.”

Literature Search Strategy

Search Strategy

We searched for published studies in several databases including MEDLINE® (via Ovid and
PubMed®), the Cochrane Library, and the SCIRUS bibliographic database to find original studies
published in English up to May 20, 2012. We searched the FDA Web site for medical and
statistical reviews of eligible drugs. We searched clinical trial registries, including
ClinicalTrials.gov and the World Health Organization International Clinical Trials Registry, to
find ongoing, completed, and published trials of migraine prevention. The Scientific Resource
Center requested Scientific Information Packets from appropriate manufacturers (Appendix A)
per usual procedures. We did not contact the investigators of the primary studies for missing data
or clarifications.

To identify related articles, we developed an a priori search strategy based on relevant
medical subject heading (MeSH®) terms, text words, and weighted word-frequency algorithms.
Exact search strategies are shown in Appendix A.

Searches for relevant literature involved several steps: (1) evaluating previously published
systematic reviews,* (2) conducting a comprehensive literature search in the databases listed
above to retrieve identified references, (3) screening abstracts against the inclusion/exclusion
criteria, and (4) reviewing full text articles of eligible studies to determine potential inclusion in
the synthesis.

Inclusion Criteria

e Original epidemiologic studies that aimed to examine preventive pharmacologic
treatments for migraine.

e Publication in English.

e Target population of community-dwelling adults with episodic migraine, chronic daily
headache, or chronic migraine defined according to International Headache Society
criteria for chronic migraine (Appendix B).*

e Eligible intermediate and patient-centered outcomes as listed in Figure 1.

e Drugs approved by the FDA for migraine prevention and off-label drugs examined in
clinical trials (Appendix B Table 1).

We reviewed RCTs that included adults with migraine, comorbid headache disorders, or

tension headache if they examined prevention of migraine.



Figure 1. Analytical framework®?3
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K1 What are the efficacy and comparative effectiveness of pharmacologic treatments for preventing migraine attacks in adults?
K2 What are the comparative harms from pharmacologic treatments for preventing migraine attacks in adults?
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attacks in adults?

Exclusion Criteria

e Studies of treatments aimed at acute migraine attacks.

e Studies that involved patients with migraine variants, such as hemiplegic migraines,
basilar migraine, retinal migraine, complicated migraines, and ophthalmoplegic
migraine; hospitalized patients; or patients in emergency rooms.**?*® Studies of short-

term prevention of migraine, including menstrual migraines.

e Studies that included some patients with migraine but did not separately report those

outcomes.

e Studies that involved surgical treatments for migraine.
e Preclinical pharmacokinetic studies of eligible drugs; studies that examined the
pathophysiology of migraine and reported instrumental measurements or biochemical

outcomes.

e Studies that examined eligible drugs on populations with other diseases.




Study Selection

We followed the AHRQ Methods Guide to select evidence from controlled trials and
observational studies.* Three investigators worked independently to determine study eligibility
resolving disagreements through discussion.* We used all included randomized controlled trials
(RCTs) to assess effectiveness with drugs. We used all included RCTs and nonrandomized
studies to assess adverse effects and treatment discontinuation due to adverse effects.** To
assess harms of treatments, we included published and unpublished evidence of the adverse
effects of drugs in patients with migraine.*® We defined harms as a totality of all possible
adverse consequences of an intervention®® and analyzed all harms, regardless of how authors
perceived causality of treatments.

We defined eligible preventive treatments, outcomes, time, and outpatient setting following
the analytical PICOTS framework (Population, Intervention, Comparator, Outcomes, Timing,
and Settings). We defined the target population as community-dwelling adults with episodic or
chronic migraine. We formulated a list of eligible interventions after discussions with key
informants and technical experts and after consideration of public comments (Appendix B Table
1). Eligible comparators included pharmacologic, nonpharmacologic, and combined preventive
treatments. We defined eligible intermediate and patient-centered outcomes (presented in the
analytical framework in Figure 1).

Data Extraction

Researchers used standardized forms to extract data (available at
https://netfiles.umn.edu/xythoswfs/webui/_xy-21041343 1-t zdhvSpvy). One reviewer
abstracted an article and a second reviewed the abstracted data for accuracy. We assessed errors
by comparing established ranges for each variable with data charts from the original articles and
discussed detected discrepancies. We abstracted the information relevant to the PICOTS
framework. We abstracted minimum datasets to reproduce the results presented by the authors.
For categorical variables we abstracted the number of events among treatment groups to
calculate rates, relative risk, and absolute risk differences. We abstracted means and standard
deviations of continuous variables to calculate mean differences with a 95% confidence interval
(Ch.

For RCTs in the quantitative analysis set we abstracted the number randomized to each
treatment group as the denominator and calculated estimates by applying intention-to-treat
principles assuming that the same proportions apply in the missing data. *> We abstracted the
time when the outcomes were assessed as weeks from randomization and the time of followup
after treatments.

We abstracted inclusion and exclusion criteria, drug regimen and doses, and patient
characteristics (demographics, baseline frequency, severity, and prior treatment status) as
factors that can modify treatment effects. We abstracted the definition of migraine used in each
study. We abstracted sponsorship of the studies, sponsor participation in study design and in
analysis and presentation of data, and conflict of interest by the authors.

Risk of Bias Assessment

We evaluated the risk of bias in individual studies of benefits and harms according to
recommendations from the “Cochrane Handbook for Systematic Reviews of Interventions.
First, we classified studies by their design as either interventional (RCTs, nonrandomized
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controlled clinical trials, and nonrandomized uncontrolled clinical trials) or observational
(cohort or case-control studies, cross-sectional studies, or case series).

Then, using the criteria from the Cochrane risk of bias tool in interventional studies,* we
evaluated: (1) random allocation of the subjects to the treatment groups; (2) masking of the
treatment status to the participants and investigators; (3) adequacy of allocation concealment;
(4) adequacy of randomization as similarity of the subjects in treatment groups by
demographics, migraine frequency and severity, and response to previous treatments; (5)
intention-to-treat principles; and (6) selective outcome reporting when compared with methods
section in the articles. Since all outcomes in the review were self-reported, masking of outcome
assessment was not essential in evaluating risk of bias, but masking of treatment was. Masking
of treatment status was not feasible for RCTs that examined nondrug therapies as comparators;
therefore, we did not include it in risk-of-bias assessment for those studies.

We assumed a low risk of bias when RCTs met all the risk of bias criteria, a medium
risk of bias if at least one of the risk of bias criteria was not met, and a high risk of bias if two or
more risk of bias criteria were not met.*® We concluded an unknown risk of bias for the studies
with poorly reported risk of bias criteria. We assessed risk of bias in nonrandomized studies
according to adjustment for confounding factors to address selection bias and exclusion of
subjects from the analyses to address attrition biases.*

We evaluated disclosure of conflict of interest by the authors of individual studies and
funding sources, but we did not use this information to downgrade quality of individual studies.

Data Synthesis

We categorized drugs according to The Anatomical Therapeutic Chemical Classification
System of the World Health Organization. Accordingly, we categorized botulinum toxin
treatments under one category-M03AX01. We analyzed together and separately the effects of
onabotulinumtoxin A (approved by the FDA), botulinum neurotoxin type A, and
abobotulinumtoxin A.

We focused on patient-centered outcomes, such as >50 percent reduction in migraine attacks
from baseline, quality of life, patient satisfaction, and composite measures of response,
including frequency and severity of migraine. We incorporated risk of bias in individual studies
into the synthesis of evidence by using individual risk of bias criteria rather than a global score
or a ranking category of overall risk of bias.>>*! Synthesis of evidence about comparative
benefits and safety with drugs from individual RCTs was restricted to studies with low or
medium risk of bias.?

We synthesized the evidence according to patient characteristics that could modify treatment
effect, including age, sex, race, and duration of migraine, baseline frequency and severity of
acute migraine attacks, presence of aura, previous drug treatments, history of drug overuse, and
others described in the PICOTS framework. We addressed the role of comorbidities and
concomitant treatments in association with patient-centered outcomes. When possible, based on
the reporting in original studies, we conducted subgroup and sensitivity analyses according to
patient characteristics, drug dose, and timing of followup.

We examined whether the definition of migraine could contribute to the differences in trial
results. The FDA approved four drugs for prevention of episodic migraine based on trials
conducted before the implementation of the most recent migraine definition proposed by the
International Headache Society.** Thus, older eligible studies published before 2004 defined
migraine according to previous definitions of the International Headache Society or according



to definitions of the Ad Hoc Committee on Classification of Headache.”> We compared baseline
patient characteristics and treatment effects depending on the exact migraine definition and here
we report the results when they differed significantly.

Using Meta-Analyst™ and STATA®>* software, we calculated the relative risk and absolute
risk difference from the abstracted events. We evaluated statistical significance at a 95 percent
confidence level. We used default software continuity coefficients for 0 events and intention to
treat as recommended calculations for missing data. We hypothesized superiority of drugs
versus placebo and versus each other.>®

For continuous outcomes we calculated the mean differences from the reported means and
standard deviations. We also calculated ratios of means that describe clinically interpretable
percentage differences in outcomes with active versus control treatments.>® We calculated
Cohen standardized mean differences for different measures of the same outcome.

We used a logarithmic scale to analyze the adjusted regression coefficient with a standard
error of association between treatments and patient-centered outcomes. We used correction
coefficients (0.5 as a default option in both software applications) and intention to treat as
recommended calculations for missing data.*®

For sparse adverse effects data, we used multiple models to test robustness of inferential
statistics. Models included random and fixed effects inverse variance methods, maximum
likelihood methods, Peto odds ratio,>” double arcsine transformation for comparing two
proportions, and odds ratios from random-effects generalized nonlinear mixed-effect
models.>*°3¢1

Pooling criteria for Key Questions 1 and 2 included the same active drug treatments and
comparators and the same definitions of the outcomes. We calculated and pooled Cohen
standardized mean differences for different continuous measures of the same outcome. In cases
of multiarm trials, we created a single pair-wise comparison.*” To avoid the spurious increase in
precision in multiarm trials, we divided placebo arms approximately evenly among the
comparisons according to randomization ratio.*>®2

We tested consistency in the results by comparing the direction and strength of the
association.®® We assessed heterogeneity in results with Chi-squared and I-squared tests.®*®> We
explored heterogeneity with meta-regression and sensitivity analysis; we report the results from
random effects models only.®® We used the random effects model to incorporate in the pooled
analysis any differences across trials in patient populations, baseline rates of the outcomes,
dosage of drugs, and other factors.>” We explored heterogeneity by risk-of-bias criteria,
disclosed conflicts of interest, study sponsorship, dose and duration of drug treatments, time of
followup, inclusion of minorities, proportion of women and elderly adults, and other patient
characteristics described above. To avoid ecological fallacy, we did not use patient level
variables (for example, mean age or body mass index) in meta-regression.®®

We calculated the number needed to treat to achieve one event of a patient-centered
outcome as reciprocal to absolute risk differences (ARD) in rates of outcome events in the
active and control groups.>*®” We calculated means and 95% Cls for the number needed to treat
as reciprocal to pooled ARD when ARD was significant.?® The number of avoided or excess
events (respectively) per population of 1,000 is the difference between the two event rates
multiplied by 1,000.

In cases when very few studies were available to provide evidence from direct head-to-head
comparisons, we conducted indirect comparisons. To conduct indirect comparisons, we used



statistical techniques to estimate the treatment effects from studies of each given treatment
against controls under an assumption of consistency.®® "

e We used adjusted indirect frequentist comparisons for individual drugs that were
compared with placebo.” This analysis provided pair-wise triangular comparisons for
drugs that were compared with placebo rather than network meta-analysis.

e To address the problems with inevitable differences across studies, we used mixed (or
multiple) treatment comparisons (MTCs), or so-called network meta-analysis.”*"
Network meta-analysis refers to methods that, in the absence of head-to-head
comparisons, compare treatments by combining all available evidence from studies that
form a network of evidence (including studies that compare three or more treatment
arms).

By synthesizing direct and indirect comparisons, we improved the precision of estimates for
treatment effects. A Bayesian analysis can easily construct complicated models with fewer
assumptions. Bayesian analysis also permits explicit posterior inference regarding the
probability that each treatment is “best” for a specific outcome.”*"® We calculated Bayesian
odds ratios®*®! with 2.5 to 97.5 percent credible intervals. We conducted exploratory Bayesian
network random effects meta-analysis assuming heterogeneous variances across treatments
(Appendix B Table 2).”" We synthesized evidence from drug classes in network meta-analysis
when individual drugs from the same class demonstrated no significant differences in outcomes.
We compared odds ratios from network meta-analyses with odds ratios from direct head-to-
head RCTs to examine consistency of the estimates.”® We concluded no differences in drug
effect (hereafter called similar effects) if confidence or credible intervals included one (no effect
or no difference).”® All Bayesian results were obtained from the WinBUGS software,* using
Markov chain Monte Carlo (MCMC) samples after a 50,000-sample algorithm burn-in.
WinBUG codes are presented in Appendix B Table 3.

Grading the Evidence for Each Key Question

We assessed strength of evidence according to risk of bias, consistency, directness, and
precision for each patient-centered outcome including reduction in monthly migraine frequency
by 100 percent or >50 percent, patient global assessment of treatment success, rates of clinically
important improvement in migraine-related disability and quality of life. We also assessed
treatment discontinuation due to harms.®® We based our criteria on published guidelines
acknowledging inevitable subjectivity of the assessment.*”#! We assigned a medium or high risk
of bias in the body of evidence when at least one individual RCT had medium or high risk of
bias, respectively.

We defined treatment effect estimates as precise when pooled estimates had reasonably
narrow 95% Cls, and pooled sample size was greater than 300 (using 25% relative effect
difference for calculation of optimal information size).2? We did not include justification of the
sample size into grading of the evidence nor did we conduct post hoc statistical power analysis.

We defined reporting bias as publication bias, selective outcomes reporting, and multiple
publication bias. We did not perform formal statistical tests quantifying reporting biases due to
the questionable statistical validity of the available tests.®* We assess publication bias by
analyses of the publication rates of the registered studies and the NIH funded studies. We assess
selective reporting of the patient centered outcomes by comparing protocols with published
results.



In assessing strength of evidence, we looked at dose-response association, strength of
association, and reporting bias in nonrandomized studies. We evaluated the strength of the
association, defining a priori a large effect when relative risk was >2 and a very large effect
when relative risk was >5.* We defined low magnitude of the effect when relative risk is
significant but <2.

We defined high level of evidence on the basis of consistent findings from well-designed
RCTs (Table 1). We downgraded strength of evidence to moderate if at least one of the four
strength-of-evidence criteria was not met; for example, the studies had medium risk of bias or
the results were not consistent or precise. We downgraded strength of evidence to low if two or
more criteria were not met. We assigned a low level of evidence to nonrandomized studies and
upgraded strength of evidence for strong or dose response associations. We defined evidence as
insufficient when a single study with high risk of bias examined treatment effects or
associations. We applied this approach regardless of whether the results were statistically
significant.

Table 1. Strength of evidence ranks and definitions

Grade Definition

High confidence that the evidence reflects the true effect. Further research is very unlikely to change

High our confidence in the estimate of effect.

Moderate confidence that the evidence reflects the true effect. Further research may change our
Moderate ' . . .

confidence in the estimate of effect and may change the estimate.
Low Low confidence that the evidence reflects the true effect. Further research is likely to change the

confidence in the estimate of effect and is likely to change the estimate.

Insufficient Evidence either is unavailable or does not permit a conclusion.

Assessing Applicability

We estimated applicability of the population by evaluating the selection of adults with
migraine in observational studies and clinical trials.”® Studies of community-dwelling adults
receiving drug treatments with 6 or more months of followup had high applicability, as did large
observational cohorts based on national registries, population-based effectiveness trials, and
nationally representative administrative and clinical databases.

Peer Review and Public Commentary

We invited external peer review of this Comparative Effectiveness Review (CER) from
experts in migraine management fields and individuals representing stakeholder and user
communities; AHRQ and an associate editor also provided comments. The draft report was
posted on the AHRQ Web site for 4 weeks to elicit public comment. We addressed all reviewer
comments, revised the text as appropriate, and documented everything in a disposition of
comments report that will be made available 3 months after the Agency posts the final CER on
the AHRQ Web site.
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Results

Of 5,244 identified references, we included 245 references of RCTs and 76 nonrandomized
studies (Figure 2). All excluded references are presented in Appendix C.

Figure 2. Study flow

Retrieved from other sources
Retrieved from bibliographical Manual se_arch =220
FDA reviews = 66
databases Scientific Inf tion Pack =1
Medline = 3,668 cientific Information Package =
Trial Registry =7
Clinicalstudyresults.org = 19

Cochrane library = 1,263

Reviewed for content and
references
Reviews = 714
Guidelines = 14

Total Retrieved = 5,244

Excluded at screening = 1,844

Full Text review = 2,672

Included = 437 Excluded = 2,235

A A

Adverse effects of eligible drugs in children

Synthesized for Prevention of migraine in . 2
. A . without migraine = 19
Prevention of migraine in adults = 321 children = 42 s 9 _
. e = Not eligible exposure = 648
Including: Flunarizine in adults = 24 RCTs - g
N . ) - Not eligible target population = 898
Publications of randomized trials = 245 Abstracts = 37 Not eligible outcomes = 87
Nonrandomized studies = 76 Non-RCT with short followup = 13 g

Other = 583
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Publication Bias

By analyzing the NIH-funded and registered studies, we found that the results are available
from only a small proportion of migraine prevention studies. However, we could not determine
exact reasons for low availability of results based on available data. Both, posting of results and
publication rates, varied by individual sponsors.

We found 18 NIH funded grants that aimed to examine migraine prevention. Six grant
projects funded three RCTs. Two of those three RCTs were registered in ClinicalTrials.gov
(Table 2). Overall publication rate was 44 percent (eight of 18 funded projects). The National
Institute of Neurological Disorders and Stroke funded nine studies (the largest number among
the agencies), and published the results from four of these projects (Table 2). We could not
explain why the studies have not been published because the NIH grant database does not allow
the analysis of the exact reasons for the low publication rates of the projects. Results from the
NIH-funded projects were published after 1.9 to 3 years from the end dates of the projects (Table
3). Time intervals between project end dates and publication did not differ among the funding
agencies.

Searching trial registries, we found 67 studies in ClinicalTrials.gov and 24 studies in other
registries. Publication rates of study results were slightly lower for the studies registered in
ClinicalTrials.gov (21 percent; 14/67) than in other registries (33 percent; 8/24). Among the
studies registered in ClinicalTrials.gov most studies examined drugs (61/67). A placebo control
was used by 64 percent (43/67). Most studies were completed (70 percent; 47/67) and four
studies were terminated. Termination due to harms with treatments was clearly indicated in two
terminated studies. The results were posted for nine studies (13 percent).

Publication rates varied depending on subjects and study characteristics (Table 4). Only 28
percent of all completed studies, 50 percent of biologics studies, and 18 percent of drug studies
were published. Only 33 percent of Phase I11 and 50 percent of Phase 1V studies were published.
No terminated studies were published. Publications occurred an average of 2 years after study
completion (0.5 to 6.6 years). Publication time varied among individual sponsors. Odds of
publication did not reach statistical significance, probably due to the small number of studies
(Table 5).

The rates of the posting of the results also varied depending on subjects and study
characteristics (Table 4). Half of biologics studies and 12 percent of drug studies posted the
result in ClinicalTrials.gov. Only 13 percent of Phase 111 and 29 percent of Phase IV trials posted
the results in Clinical Trials.gov. Trials that were terminated for safety reasons did not post the
results. Results were posted an average of 2.6 years after study completion dates (0.9 to 5.2
years). Biologic studies posted the results an average of 3 years after completion dates, and drug
studies posted results an average of 2.6 years after completion dates. Placebo-controlled studies
posted results an average of 2.5 years after completion dates, and comparative effectiveness
studies 3.4 years after completion dates. Terminated studies posted the results an average of 5
years after study termination. Odds of posting the results did not reach statistical significance,
probably due to the small number of studies (Table 5).
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Table 2. Registration, publication, and cost of the NIH-funded grants aimed at migraine prevention (as of May 2012)

Sum/Cost of

Not . % . . % Studies With Minimum | Maximum

Agency Registered Registered | Total Registered Unpublished | Published Total Published No Results Cost Cost
Available
$675,532/

NCCAM 1 2 3 67 1 2 3 67 $222.925 $100,000 | $292,000
$176,000/

NCI 2 0 2 2 0 2 0 $176,000 $88,000 $88,000

NIDA 2 0 2 0 0 2 2 100 $791,080 $283,941 | $507,139
NIMH 1 0 1 0 1 0 1 0 Not reported
$1,159,146/

NINDS 7 2 9 22 5 4 9 44 $649 121 $155,568 | $210,668
$159,480/

NINR 1 0 1 0 1 0 1 0 $159,480 $159,480 | $159,480

NCCAM = National Center for Complementary and Alternative Medicine; NCI = National Cancer Institute; NIDA = National Institute on Drug Abuse; NIMH = National Institute
of Mental Health; NINDS = National Institute of Neurological Disorders and Stroke; NINR= National Institute of Nursing Research

Table 3. Years between the NIH-funded project end dates and the publication dates of the results

NIH Agency Interval Time Point Mean Minimum Maximum Stapdgrd

Deviation
NCCAM Project End Date 1.9 1.4 24 0.7
NCCAM Budget End Date 24 14 34 14
NIDA Project End Date 2.3 1.8 2.8 0.7
NIDA Budget End Date 2.8 1.8 3.8 1.4
NINDS Project End Date 2.3 0.6 3.7 1.6
NINDS Budget End Date 3.0 1.6 4.7 1.6

NCCAM = National Center for Complementary and Alternative Medicine; NIDA = National Institute on Drug Abuse; NIMH = National Institute of Mental Health; NINDS =
National Institute of Neurological Disorders and Stroke
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Table 4. Publication and posting of the results of migraine prevention studies registered in ClinicalTrials.gov

. Not % Has No Results
Published | o hiched | 79 | pyplished | Results Available Total | % Posted

Category Total 14 53 67 20.9 9 58 67 13.4
Age Adult 8 29 37 21.6 6 31 37 16.2
Age Adult| Senior 3 18 21 14.3 3 18 21 14.3
Age Child 0 6 6 0.0 0 6 6 0.0
Age Child] Adult 3 0 3 100.0 0 3 3 0.0
Gender Both 13 46 59 22.0 9 50 59 15.3
Gender Female 0 1 1 0.0 0 1 1 0.0
Type Interventional 14 51 65 215 9 56 65 13.8
Type Observational 0 2 2 0.0 0 2 2 0.0
Intervention Behavioral 0 1 1 0.0 0 1 1 0.0
Intervention Biological 2 2 4 50.0 2 2 4 50.0
Intervention Drug 11 50 61 18.0 7 54 61 11.5
Intervention Procedure 1 0 1 100.0 0 1 1 0.0
Phases Phase 1|Phase 2 0 1 1 0.0 0 1 1 0.0
Phases Phase 2 2 17 19 10.5 2 17 19 10.5
Phases Phase 2|Phase 3 0 1 1 0.0 0 1 1 0.0
Phases Phase 3 8 16 24 33.3 3 21 24 12.5
Phases Phase 4 2 5 7 28.6 2 5 7 28.6
Phases Phase 1 0 1 1 0.0 0 1 1 0.0
Phases Phase 2| 0 3 3 0.0 0 3 3 0.0
Phases Phase 4 1 1 2 50.0 0 2 2 0.0
Placebo No 3 21 24 12.5 2 22 24 8.3
Placebo Yes 11 32 43 25.6 7 36 43 16.3
Recruitment Active, not recruiting 0 2 2 0.0 0 2 2 0.0
Recruitment Completed 13 34 47 27.7 8 39 47 17.0
Recruitment Not yet recruiting 0 2 2 0.0 0 2 2 0.0
Recruitment Recruiting 1 9 10 10.0 0 10 10 0.0
Recruitment Terminated 0 4 4 0.0 1 3 4 25.0
Recruitment Withdrawn 0 2 2 0.0 0 2 2 0.0
Reason for Administrative 0 1 1 0.0 1 0 1 100.0
termination

Reason for Other 0 1 1 0.0 0 1 1 0.0
termination

Reason for Safety related 0 2 2 0.0 0 2 2 0.0
termination

Funding Industry 9 34 43 20.9 4 39 43 9.3
Funding Industry|NIH 0 1 1 0.0 1 0 1 100.0
Funding Industry|Other 1 1 2 50.0 0 2 2 0.0
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Table 4. Publication and posting of the results of migraine prevention studies registered in ClinicalTrials.gov (continued)

. Not % Has No Results
Published | piplished | T°%® | published | Results Available | Totél | % Posted
Funding Other 1 8 9 11.1 0 9 9 0.0
Funding Other|Industry 2 6 8 25.0 3 5 8 37.5
Funding Other|NIH 0 1 1 0.0 0 1 1 0.0
Funding Other|NIH]Industry 1 0 1 100.0 1 0 1 100.0
Funding Other|U.S. Fed|Industry 0 1 1 0.0 0 1 1 0.0
Funding U.S. Fed|Other 0 1 1 0.0 0 1 1 0.0
Table 5. Odds of publication and posting of results in ClinicalTrials.gov among all studies registered in ClinicalTrials.gov
Active Active Control Control Odds Lower Upper
Outcome Active Control With Without With Without .
Ratio 95% CI 95% CI
Outcome | Outcome | Outcome | Outcome
Publication Interventional Observational 14 51 0 2 141 0.06 30.99
Publication Drug studies All other studies 11 50 3 3 0.22 0.04 1.24
No placebo control
Publication Placebo control (active treatments 11 32 3 21 241 0.60 9.66
comparison)
Publication Has results No results available 4 5 10 48 3.84 0.87 16.88
Publication Funded by industry Funded by other sources 9 34 1 10 2.65 0.30 23.49
Posting results | Drug studies All other studies 7 54 2 4 0.26 0.04 1.68
Posting results | Phase 3-4 trials Phase 1-2 trials 5 28 2 23 2.05 0.36 11.58
No placebo control
Posting results | Placebo control (active treatments 7 36 2 22 2.14 0.41 11.23
comparison)
Posting results Terminated for safety | Terminated for other 0 2 1 0.20 0.00 8.82
reasons reasons
Posting results | Funded by Industry Funded by other sources 47 0 11 4.60 0.25 84.94
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Abstracted data are available in Appendix D with evidence tables (available at
https://netfiles.umn.edu/xythoswfs/webui/_xy-21041343_1-t zdhvSpvy). Randomized trials
examined 59 drugs from 14 pharmacologic drug classes (Appendix Table D1).

Most trials were funded by industry but did not disclose conflict of interest by study
investigators (Appendix Table D2). Proportions of industry sponsorship and disclosed conflict of
interest varied among drugs (Appendix Table D2).

Applicability

The results from eligible studies were applicable to the target population. Most RCTs were
conducted in the United States and Western countries and used the International Headache
Society’s definition (Appendix Table D3). Older publications used the definition of migraine
developed by the Ad Hoc Committee on Classification of Headache, and about 34 RCTs did not
specify a migraine definition.

Investigators recruited patients in clinics in almost half of RCTs. Half did not report this
information, and eight RCTS clearly indicated community-based recruitment. RCTs enrolled an
average of 210 adults, measured the outcomes at 2 to 3 months of followup, and reported about
14 percent loss of followup (Table 6 and Appendix Table D4).

Studies enrolled mostly adults (average age, 38 years) and adolescents (Table 7). Women
made up the majority of enrolled subjects (Appendix Table D5). Few trials reported a proportion
of obese subjects, but many participants were overweight according to the average body mass
index. Most trials included patients with and without aura (Appendix Table D5). Enrolled
patients had an average of five monthly migraine attacks. Almost half of the enrolled subjects
were naive to migraine preventive drugs (Table 7). Patient age and baseline migraine
characteristics were similar in most trials (Appendix Table D6).

Substantial variability in reporting comorbidities prevented us from using this information in
quantitative synthesis of evidence. Most trials, however, excluded patients with severe medical
comorbidities or psychiatric illnesses, stroke, and vascular migraine. RCTs rarely reported
important patient characteristics that could modify drug effects, including family history of
migraine, socioeconomic status, or response to prior preventive treatments

Risk of Bias

More than half of the RCTs had medium risk of bias and about 21 percent had low risk of
bias (Table 8). Proportions of RCTs with low risk of bias varied among drugs (Appendix Table
D7). Among approved drugs, the percent of low-risk-of-bias RCTs was as follows: topiramate,
45 percent; divalproex, 67 percent; and propranolol, 13 percent (Appendix Table D7). Most
RCTs (86 percent) were double blind. Timolol was examined in two RCTs of medium risk of
bias. We concluded unclear adequacy of allocation concealment in 94 percent of RCTs and
adequacy of randomization in 51 percent of RCTs (Table 8). Planned intention to treat was
reported in 24 percent of RCTs.

Published RCTs rarely presented subject flows. Nor did RCTs report why some eligible
subjects were not randomized and therefore excluded from the trials. Proportions of eligible
subjects excluded from randomization varied among trials. Investigators excluded an average of
5 percent of randomized subjects from the analyses, with substantial variability among the drugs.
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Table 6. Total number randomized, weeks of followup, and loss of followup in randomized controlled clinical trials of migraine

prevention in adults

# RCTs . # RCTs That # RCTs That o
Total That Sample Assigned to Reported Tcl)ltal Length okf Reported % % lTIOSS of
Sample Reported Trea.tment Length of Fo owup, Weeks Loss of Fo owup
Mean [Min to Max] Mean [Min to Max] Mean [Min to Max]
Sample Followup Followup
. . 182.3 17.6 55
Antiepileptics 7656 42 [23 to 818] 43 [8.0 to 28.0] 28 [0.0 to 36.0]
. 83.0 13.5 22.6
Antidepressants 1701 21 [17 to 391] 21 [4.0 to 27.0] 19 [0.0 to 48.0]
96.9 18.1 12.3
Beta blockers 6006 62 [14 to 810] 65 [4.0 t0 60.0] 36 [0.0 to 37.5]
S 36.0 37.8
ACE inhibitors 72 2 [12 to 60] 2 [7.5 to 68.0] 1 22.0
Angiotensin Il receptor 144 > 72.0 > 22.0 2 11.0
blockers [60 to 84] [12.0 to 32.0] [5.0to 17.0]
Calcium channel blockers 2602 33 [207,[3'221] 33 8 01'[326 0] 30 0 Olti.js 3]
. . 47.4 21.6 21.2
Antiadrenergics 711 15 [20 to 133] 15 [8.0 to 48.0] 11 [6.0 to 38.0]
. . 57.3 28.0
Dopaminergic agents 172 3 [30 to 102] 3 [16.0 to 40.0] Not reported
. 115.6 13.6 11.6
Ergot alkaloids 1040 9 [18 to 384] 9 [6.0 to 24.0] 8 [0.0 to 32.4]
1499.6 26.0 15.2
NSAIDs 23993 16 [26 to 22071] 16 [4.0 to 144.0] 6 [0.0 to 29.6]
. 58.0 17.3 23.0
Magnesium 174 3 [24 to 81] 8 [12.0 to 24.0] 3 [11.0 to 42.0]
158.0 20.0
Nondrugs vs. drugs 632 4 [114 t0 218] 4 [16.0 t0 24.0] Not reported
Cortical spreading 124 1 124.0 1 13.0 1 5.1
depression inhibitor
Muscle relaxants 136 1 136.0 1 12.0 Not reported
Montelukast 177 1 177.0 1 20.0 1 2.2
210.9 18.6 13.9
Total 45340 215 [12 to 22071] 219 [4.0 to 144.0] 146 [0.0 to 48.3]
3 -
% RCTs that did not report 53 05 336

the variable

ACE = angiotensin converting enzyme; NSAID = nonsteroidal anti-inflammatory drug; RCT = randomized clinical trial
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Table 7. Reporting of patient baseline characteristics in randomized controlled clinical trials of migraine prevention drugs in adults

. Baseline Duration . .
% Obesity of % With % Naive to
Age = Frequency of Lo
emale, , BMI . . Migraine, Aura Treatment
Drugs R(?T hl\j_ean R(?T Mean R #T Mean R #T Mlgralr;]e/Mont R #T Years RgT Mean RgT Mean
s [M'n to s [Min to CTs [Min to CTs CTs Mean s [Min to s [Min to
ax] Mean .
Max] Max] . [Min to Max] Max]
[Min to Max] M
ax]
Anti- 39.2 76.3 27.1 6.5 13.2 24.0 43.0
epileptics 39 [29.4 to 41 [10.9 to 8 [23.0 to 40 [1.0 to 26.6] 14 [3.0to 18 [0.0to 7 [0.0to0
46.0] 100.0] 30.3] ) ' 25.0] 86.3] 100.0]
Anti- 36.6 80.0 Not 6.0 18.4 19.2 66.7
depressants 17 [31.0to 19 [63.5to reported 2 [5.0 t;) 7.0] 2 [16.0 to 8 [0.0to 2 [0.0to
44.4] 92.3] ) ) 20.8] 45.2] 100.0]
37.8 78.5 23.1 16.8 39.8
Elit(?kers 50 [28.6 to 61 [52.0 to 2 [22.8 to 44 2 0A¥058 4] 27 [9.0 to 46 [0.0to 7 [0 0?383 2]
43.5] 94.5] 23.4] ) ) 26.0] 100.0] ) )
45.0 69.5
;Ar;ﬁiltz)itors 2 [41.0 to 2 [58.0 to rep’J\(I)?:ed L 2.3 rer’)\:)?:ed re[;\:)?:ed rep’)\:)?':ed
49.0] 81.0]
Angiotensin 40.9 81.8 Not Not
Il receptor 2 [39.8 to 2 [79.0 to 1 24.0 1 6.2 0.0 reported reported
blockers 42.0] 84.5]
Calcium 35.5 73.8 23.4 52 14.1 25.3 54.5
channel 28 [29.0 to 32 [41.0to 2 [23.0 to 22 2.0 té 10.0] 18 [5.0 to 29 [0.0 to 6 [25.0 to
blockers 44.0] 91.1] 23.7] ) ) 20.0] 100.0] 100.0]
. 37.8 77.4 16.0
ggrttlanergics 12 [32.0 to 14 [30.0 to rep’)\i)?':ed 5 [4 05t616 5] 3 [12.0 to rep’)\cl)(;ted rep’)\i)?:ed
48.0] 92.0] ) ) 22.0]
Dopa- 34.3 74.4 0.0
minergic 2 | B39t | 3 | [716t0 rer')\ﬂe - " 35t'036 . rem:e g 3 [0.0 to rep’)\i)c;:e g
agents 34.6] 76.7] ) ) 0.0]
Ergot 35.9 76.3 23.7 48 16.2 23.1 63.3
alkaloids 7 [30.0to 8 [60.0 to 2 [23.1t0 6 [3.0 to 8.5] 5 [14.2 t0 7 [0.0to 2 [60.0 to
42.0] 95.0] 24.2] ) ) 20.0] 67.5] 66.7]
39.5 73.9 25.6 47 17.2 4.4 Not
NSAIDs 15 [35.0 to 15 [0.0to 2 [25.0 to 6 [1.3 t'o 8.2] 4 [15.0 to 2 [0.0to reported
53.2] 100.0] 26.1] ) ) 20.0] 8.7]
42.4 89.5 50.0
Magnesium | 2 | [41.0to | 2 | [86.0t0 . '\(')‘?:e gl 2 u 05&)06 . 1 42 2 [0.0 to . ’\:)?:e g
43.8] 93.0] P : : 100.0] P
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Table 7. Reporting of patient baseline characteristics in randomized controlled clinical trials of migraine prevention drugs in adults

(continued)

Baseline Duration
% Obesity of % With % Naive to
Age Female BMI Frquency of Migraine Aura Treatment
Drugs # Mean # Mean ’ # Mean # Migraine/Mont # Years ’ # Mean # Mean
9 RCTs | [Minto | RCTs . RCTs . RCTs h RCTs RCTs . RCTs .
[Min to [Min to Mean [Min to [Min to
Max] Mean .
Max] Max] . [Min to Max] Max]
[Min to Max]
Max]
38.9 87.9 38.9
\';‘sonderugs 4 | [378t0 | 4 [789t0 | 1 23.5 3 2 042'076 . 1 15.9 3 [0.0 to 1 0 5‘?(;50 0
-drug 40.1] 100.0] ) ) 100.0] ) )
Cortical
spreading Not Not Not
depression 1 36.0 1 923 reported Not reported reported reported 1 100.0
inhibitor
Muscle Not Not Not Not
relaxants L 403 L 79.0 reported Not reported reported reported reported
Not 51 Not Not Not
Montelukast L 40.0 L 88.0 reported L [0.0t0 0.0] reported reported reported
37.9 77.2 25.3 53 15.3 30.0 53.0
Total 183 [28.6 to 206 [0.0to 18 [22.8 to 136 [1.0 t(; 26.6] 75 [3.0to 118 [0.0to 26 [0.0to
53.2] 100.0] 30.3] ) ) 26.0] 100.0] 100.0]
%RCTs
thatdid not | 45 6 92 38 66 46 88
report the
variable

ACE = angiotensin converting enzyme; BMI = body mass index; NSAID = nonsteroidal anti-inflammatory drug; RCT = randomized clinical trial
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Table 8. Number of randomized controlled clinical trials of migraine prevention in

adults that met risk of bias criteria

Unclear .
Adequate Unclear Not Planned | Low . High
Double | Open | Single | Allocation | Allocation Adequat_e Adequate Adequacy Intention | Risk Mgdlum Risk Ur_wclear
Drug Classes : . Randomi- . of Risk of Risk of |Total
Blind Label Blind Conceal- Conceal- . Randomi- . to Treat of . of .
zation - Randomi- . X Bias : Bias
ment ment zation Zation Analysis | Bias Bias
Anti-epileptics 40 3 0 9 34 23 6 14 23 19 22 2 0 43
Anti- 19 3 0 0 22 14 3 5 3 18 3 0 22
depressants
Beta blockers 59 4 2 1 64 18 2 45 11 52 5 0 65
ACE 2 0 0 1 1 0 0 2 1 0 0 0 2
inhibitors
Angiotensin Il
receptor 2 0 0 1 1 0 1 1 1 1 0 1 0 2
blockers
Calcium
channel 29 3 2 0 34 15 4 15 3 2 24 8 0 34
blockers
Anti- . 14 1 0 0 15 1 0 14 1 4 9 1 1 15
adrenergics
Dopa-
minergic 3 0 0 0 3 0 1 2 0 0 2 1 0 3
agents
Ergot 8 1 0 0 9 4 0 5 1 1 8 0 0 9
alkaloids
Muscle 1 0 0 0 1 1 0 0 0 0 0 0 1
relaxants
Montelukast 1 0 0 0 1 1 0 0 1 1 0 0 0 1
NSAIDs 7 9 0 0 16 5 3 8 3 3 10 2 1 16
Magnesium 3 0 0 0 3 2 1 0 2 2 0 1 0 3
Nondrugs
compared 0 3 1 2 2 3 1 0 3 1 2 1 0 4
with drugs
Total 188 27 5 14 206 87 22 111 53 45 148 25 2 220
Percent 85.5 12.3 2.3 6.4 93.6 39.5 10.0 50.5 24.1 20.5 67.3 11.4 0.9

ACE = angiotensin converting enzyme; NSAID = nonsteroidal anti-inflammatory drug

20




Key Question 1. What is the efficacy and comparative effectiveness of
pharmacologic treatments for preventing migraine attacks in adults?

Results from RCTs were available in 245 references. RCTs examined four approved drugs
for episodic migraine (topiramate, divalproex, propranolol, and timolol), one approved drug for
chronic migraine (onabotulinumtoxin A), and various off-label preventive drugs. Most trials
examined a monotherapy with one active agent compared with placebo or to another drug. RCTs
rarely reported exact drugs and doses of concomitant treatments. However, we surmise there
were no concomitant treatments because most trials disallowed concomitant drugs during the
run-in period and after randomization. Strength of evidence was low due to medium or high risk
of bias and imprecise estimates from individual or meta-analyzed RCTSs.

KQla. How do preventive pharmacologic treatments affect patient-centered
and intermediate outcomes when compared with placebo or no active
treatment?

All approved drugs were better than placebo in reducing monthly migraine frequency by>50
percent in patients with episodic migraine and baseline <15 migraine days per month (clinical
response). The relative effect of drugs was moderate: drugs resulted in clinical response in 200 to
400 patients per 1,000 treated. Clinicians need to treat three to five patients with episodic
migraine to prevent half or more migraine attacks in one patient.

Strength of evidence was lowered due to medium risk of bias and imprecise estimates. Low-
strength evidence from individual RCTs suggested a dose-responsive increase in migraine
prevention with higher doses of onabotulinumtoxin A and topiramate (from 50-100 mg/day with
no additional benefits with 200 mg/day).

Among off-label drugs, pooled analyses offered low-strength evidence that antiepileptic
gabapentin, beta-blocker metoprolol, and calcium channel blocker nimodipine were better than
placebo in reducing monthly migraine attacks by >50 percent. Individual RCTs offered low -
strength evidence that off-label beta blockers, acebutolol atenolol and nadolol, were better than
placebo in reducing monthly migraine attacks by >50 percent. Individual RCTs demonstrated
that the angiotensin converting enzyme inhibitors captopril and lisinopril and the angiotensin 11
antagonist candesartan were better than placebo in reducing monthly migraine attacks by >50
percent.

We present strength of evidence for patient-centered outcomes, including complete migraine
cessation (Table 9) and migraine prevention with approved (Table 10) and off-label drugs
(Tables 11 and 12).

Only a few RCTs examined quality of life, and they provided no consistent evidence of
improvement with examined drugs. The studies rarely assess clinical importance of the changes
in quality of life or disability scales. We describe those effects as well as changes in intermediate
outcomes in the text and appendix tables.
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Table 9. 100% reduction in monthly migraine frequency with pharmacologic preventive treatments versus placebo in adults with
episodic migraine, results from randomized controlled clinical trials

Active Drug,
Weeks From % With . Absolute | Number | Attributable
Randomization Outcome in Relgtlve Risk Needed | Events per | Risk of . . . Strength
. References | Sample . Risk . . Directness | Consistency | Precision of
to Time to Active (95% CI) Difference | to Treat |1,000 Treated | Bias Evidence
Measure [Placebo] (95% CI) | (95% ClI) (95% CI)
Outcome
Pooled
Bussone,
2005* 1.9 (1.0to |0.02 (-0.01 to
. Silberstein 1299 5.1[2.6] ) ) ) ) NS NS Medium |Yes No No Low
Topiramate, 2006% 3.4) 0.05)
16-26 weeks Silberstein,
2009%
p value 0.499 0.067
| squared 0.00% 63.00%
Gabapentin
17 weeks of NCTOOZ?ZZO 82 25.8 [20.9] 1.3 (0.510 10.06 (-0.15t0 NS NS Low Yes Not . Imprecise |Low
9, 2010 3.4) 0.26) applicable
treatment
Captopril . .
Minervini, 17.0 (1.1 |0.67 (0.39to 667 (388 to Not .
32 weeks of 1987%8 24 66.7 [0.0] t0 265.0) |0.95) 1(1to3) 946) Low Yes applicable Imprecise |Low
treatment
Nimodipine
Gelmers, 7.5(1.9to |0.43 (0.23to 433 (233 to . Not .
12 weeks of 1983% 60 50.0 [6.7] 30.0) 0.63) 2(2to 4) 633) Medium |Yes applicable Imprecise |Low
treatment
Dihydro-
ergotamine Pradalier, 1.3 (0.9 to |0.08 (-0.02 to Not .
20 weeks of 20049 384 37.5[30.0] 1.7) 0.17) NS NS Low Yes applicable Imprecise |Low
treatment
Indomethacin -0.05
4 weeks of A””‘%{‘y’ 38 5.3 [10.5] 05(00t0 (-0.22 to NS NS Medium |Yes Not . Imprecise |Low
1968 5.1) applicable
treatment 0.12)

Bold = significant differences when 95% CI of absolute risk differences do not include 0; CI = confidence interval; NS = not significant;
Number needed to treat and number of attributable events were calculated for statistically significant differences
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Table 10. Migraine prevention with approved pharmacologic treatments versus placebo in adults, results from randomized controlled
clinical trials (pooled with random effects models)

% With Number | Attributable
Outcome | Relative | Absolute
. With Risk Risk | Needed | Eventsper | o o | . _ | Strength
Active Drug References | Sample . . to Treat 1,000 . Direct | Consistency | Precision of
Active (95% Difference Bias .
(95% Treated Evidence
Drug Cl) (95% CI) ch (95% CI)
[Placebo]
Chronic Migraine
Onabotulinumtoxin 1.5 0.17
A Pooled®* | 459 [530464] (1.2to | (0.08t0 6152()4 to %g)(sz 0 | Medium | Yes | Yes No Low
250% decrease in ) 1.8) 0.26)
migraine p value 0.7 0.9
frequency | squared 0.00% 0.00%
Episodic Migraine
0.02
Topiramate Pooled®® | 1299 5.1[2.6] 3693(1)'0 (-0.01 to NS NS Medium | Yes No No Low
100% reduction in ) 0.05)
migraine frequency p value 0.499 0.067
| squar%?% 0.00 0.63
Topiramate on Pooled®* 49.6 205 |029(0.18 |3 288 .
55006 reduction on | &% 1422 | 259 to 2(.7) to 0.20) (3t0 6) | (176 to 400) | Medium | Yes | Yes Yes Moderate
migraine P value 0.036 0.001
frequency | squared 0.555 0.736
84,86, 17 6
Topiramate Ego'ed 1145 ?22é23] (2.0to ?c')lg 2((8)')08 (4to (17759t0 284) Low Yes Yes No Moderate
on >50% reduction ) 2.9) ) 13)
on migraine days P value 0.012 0.042
| squared 0.772 0.684
. 22.3 1911 0.10
Topiramate on Pooled®® | 1086 110 to 31 (-0.01 to NS NS Low Yes | Yes No Moderate
275% reduction in [11.0] 03.1) 0.20)
migraine days P value 0.123 0.026
I squarel(g1 0.58 0.797
Pooled™" 43.0 2211 |0.24(0.10 | 4(3to 241 .
Divalproex 103 405 [23.3] t042) |t0038) | 10) 9710 384) | Medium | Yes | Yes No Low
P value 0.123 0.098
| squared 0.523 0.569
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Table 10. Migraine prevention with approved pharmacologic treatments versus placebo in adults, results from

trials (pooled with random effects models) (continued)

randomized controlled clinical

% With Number | Attributable
Outcome | Relative | Absolute
. : . Needed | Events per . Strength
. With Risk Risk Risk of . . -
Active Drug References | Sample . . to Treat 1,000 . Direct | Consistency | Precision of
Active (95% Difference Bias .
(95% Treated Evidence
Drug Cl) (95% CI) ch (95% CI)
[Placebo]

Pooled™ 45.1 2.0(1.5 [ 022(0.14 |[4(3to | 223(142t0 .

107 541 [22.3] to 2(7) t0 0 3(,0) 7)( 304)( Medium | Yes Yes No Low
Propranolol - - -

P value 0.995 0.936

| squared 0 0
Timolol 0.14

h L . .

100% reduction in | Single 28 143700 | 2903 1 o710 | NS NS Medium | Yes | Not No Low
migraine RCT to 95.6) 0.35) applicable
frequency )
Timolol Pooled™ 49.4 21(15 | 027(0.15 |4(Bto | 265 (1541t0 .
>50% reduction | 771 216 [23.3] t031) |t0038) | 6) 377) Medium | Yes | Yes No Low
in migraine P value 0.732 0.606
frequency | squared 0 0

Bold = significant differences when 95% CI of absolute risk difference do not include 0; CI = confidence interval; RCT = randomized controlled trial; NS = not significant;
Number needed to treat and number of attributable events were calculated for statistically significant differences
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Table 11. Migraine prevention with pharmacologic treatments versus placebo in adults with episodic migraine (pooled with random

effects model results from randomized controlled clinical trials)

% With Number | Attributable
Outcome | Relative | Absolute
. With Risk Risk | Needed | Eventsper | oy of | . _ | Strength
Active Drug References | Sample h . to Treat 1,000 . Direct | Consistency | Precision of
Active (95% Difference o Treated Bias Evid
Drug cl) (95% Cl) (95% reoa e vidence
[Placebo] Cl) (95% ClI)
6
Pooled® 101 | 270 4351'90 3'52%'1 ?'152((7)'06 (4to %gg (61to Medium | Yes Yes No Low
Gabapentin [31.0] 020) 00.27) 16) )
P value 0.487 0.847
I squared 0 0
89,112- 5
E? oled 225 31%94 t2.03(é.3 ?28 ?()0'09 (3to gg‘ll (B8 to Medium | Yes Yes No Low
Metoprolol [194] 032) 00.3) 11) )
P value 0.415 0.385
I squared 0 0
4
Pooled®!12 126 28.6 [6.3] ,:1(;54(8'5 ?6233(,3'06 (3to ggz (64 t0 Medium | Yes No No Low
Nimodipine 1) -39) 16) )
P value 0.125 0.194
| squared 0.576 0.407
Pooled!!>11 137 3235'88 t1.32(g.7 ?'0082(('50'09 NS NS Low Yes No No Low
Magnesium [258] 02.3) 0 0.26)
P value 0.268 0.248
| squared 0.186 0.251

ClI = confidence interval; NS= not significant

Number needed to treat and number of attributable events were calculated for statistically significant differences

Bold = significant differences when 95% CI of absolute risk difference do not include 0.
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Table 12. Migraine prevention (50% or more reduction) with off-label pharmacologic treatments versus placebo in adults with episodic
migraine, results from individual randomized controlled clinical trials

Active Drug, % With Absolute Number Attributable

Weeks From Outcome Relative Risk Needed to Events per Risk of Strenath of
Randomization to | Reference | Sample | With Active Risk . 1,000 . Direct | Consistency | Precision g

; Difference Treat Bias Evidence
Time to Measure Drug (95% CI) (95% CI) (95% CI) Treated

Qutcome [Placebo] (95% CI)
Acetazolamide Vahedi, 0.9 -0.03 .
12 weeks 200217 53 30.8 [33.3] (0.4102.0) |(-0.28 t0 0.23) NS NS Low Yes NA Imprecise |Low
Carbamazepin Rompel, 5.2(2.2to |0.44 438 (272 to . .
6 weeks 1970118 96 54.2 [10.4] 12.4) (0.27 to 0.60) 2(2to 4) 603) Medium |Yes NA Imprecise [Low
Lamotrigine Gupta, 1.4(09to |0.13 .
50 weeks 2007% 120 46.0 [34.0] 2.2) (-0.04 10 0.31) NS NS Low Yes NA Imprecise |Low
Oxcarbazepine Silberstein, 09(0.6to |-0.04 .
15 weeks 200811 170 32.9 [36.5] 1.4) (-0.18 10 0.11) NS NS Low Yes NA Imprecise |Low
Valproate Jensen, 28(1.2to |0.26 256 (77 to . .
12 weeks 1994120 86 39.5[14.0] 6.5) (0.08 to 0.43) 4 (2to 13) 435) Medium |Yes NA Imprecise [Low
Acebutolol Nanda, 6.5(1.6to |0.26 256 (105 to . .
12 weeks 1978121 86 30.2 [4.7] 27.1) (0.10 to 0.41) 4 (2to 10) 407) Medium |Yes NA Imprecise [Low
-0.03
Alprenolol Ekbom, 0.9(0.5t0 . .
6 weeks 197512 66 33.3[36.4] 1.8) 0(8(56 to NS NS Medium Yes NA Imprecise |Low
Atenolol Forssman, 17.0 (1.0to |0.33 333 (140to . .
12 weeks 1083123 48 33.3[0.0] 278.9) (0.14 to 0.53) 3(2to7) 527) Medium |Yes NA Imprecise [Low
Nadolol Freitag, 4.7 (0.3to [0.25 250 (22 to .
12 weeks 1984124 32 25.0[0.0] 75.0) (0.02 to 0.48) 4 (2 to 45) 478) Low Yes NA Imprecise [Low
Amitriptyline Couch, 1.0(0.7to |0.00 . .
16 weeks 201112 391 24.2 [24.4] 1.4) (-0.09 t0 0.08) NS NS Medium Yes NA Imprecise |Low
Amitriptyline
4 weeks
Couch, 22(1.0to |0.24 238 (33 to . .

> 0,
_(_75 %o _ 197612 73 43.2[19.4] 4.8) (0.03 to 0.44) 4 (2to 31) 443) Medium |Yes NA Imprecise [Low
improvement in
headache)
Tonabersat Goadsby, 1.1(0.7to |0.04 .
12 weeks 2009127 124 40.7 [36.9] 1.7) (-0.13 t0 0.21) NS NS Low Yes NA Imprecise |Low
Lisinopril Schrader, 29.0(1.8to |0.23 233 (124 to .
12 weeks 2001128 120 23.3[0.0] 475.4) (0.12 t0 0.34) 4 (3t08) 343) Low Yes NA Imprecise |Low
Candesartan Tronvik, 11.5(2.8to |0.35 350 (219 to .
12 weeks 200312 120 38.3[3.3] 46.6) (0.22 10 0.48) 3(2to5) 481) Low Yes NA Imprecise |Low
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Table 12. Migraine prevention (50% or more reduction) with off-label pharmacologic treatments versus placebo in adults with episodic migraine,

results from individual randomized controlled clinical trials (continued)

Active Drug, % With Absolute Number Attributable
Weeks From Outcome Relative . Events per .
> - . . Risk Needed to Risk of . . L Strength of

Randomization to | Reference | Sample | With Active Risk . 1,000 . Direct | Consistency | Precision :

; Difference Treat Bias Evidence
Time to Measure Drug (95% CI) (95% CI) (95% CI) Treated

Qutcome [Placebo] (95% CI)
Nifedipine Shukla, 50(19to |0.44 444 (252 to . .
4 weeks 199513 72 55.6 [11.1] 13.2) (0.25 t0 0.64) 2(2to4) 637) Medium Yes NA Imprecise |Low
Dihydro-ergotamine |Pradalier, 1.1(09to |0.05 .
20 weeks 20049 384 60.9 [56.0] 1.3) (-0.05 10 0.15) NS NS Low Yes NA Imprecise |Low
Lisuride Somerville, 15(09to |0.12 . .
12 weeks 19761 150 37.3[25.3] 2.4) (-0.03 10 0.27) NS NS Medium Yes NA Imprecise |Low
Flurbiprofen Solomon, 23((1.2to |0.39 391 (125 to . .
8 weeks 19931 46 69.6 [30.4] 4.5) (0.13 10 0.66) 3(2t08) 657) Medium Yes NA Imprecise |Low
Indomethacin Anthony, 1.2(0.4to |0.05 . .
4 weeks 1968% 38 31.6 [26.3] 3.3) (-0.24 10 0.34) NS NS Medium Yes NA Imprecise |Low
Rofecoxib Visser, 23(1.1to |0.12 125 (19 to . .
12 weeks 200413 175 22.0[9.5] 5.0) (0.02 t0 0.23) 8 (4 to 53) 230) Medium Yes NA Imprecise |Low
Tolfenamic Acid Mikkelsen, 7.0(1.7t0 |0.39 387 (192 to . .
10 weeks 198213 62 45.2 [6.5] 28.3) (0.19 t0 0.58) 3(2to5) 582) Medium Yes NA Imprecise |Low
Aspirin 001
240 weeks Buring, 0.8 (0.7to A ) -70 (48t0 | .
(ever having 19901% 22071 6.0 [7.4] 0.9) (-0.02 to 131) 14 (8to 21) |Low Yes NA Imprecise |Low
S 0.01)

migraine attack)
Montelukast Brandes, 1.2(0.7to |0.0 .
12 weeks 200413 177 24.2 [21.8] 2.0) (-0.09 10 0.16) NS NS Low Yes NA Imprecise |Low

ClI = confidence interval; NA = Not applicable; NS= not significant
Number needed to treat and number of attributable events were calculated for statistically significant differences
Bold = significant differences when 95% CI of absolute risk difference do not include 0.
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Prevention of Chronic Migraine
Muscle Relaxants

Onabotulinumtoxin A

We identified 15 RCTs that examined the efficacy of botulinum toxin for migraine
prevention; 13 RCTs examined onabotulinumtoxin A and two RCTs examined
abobotulinumtoxin A (Appendix Table D8). The studies enrolled an average of 285 patients aged
18 to 65 years with four to 12 migraine attacks/month. Most trials included patients with 10 or
more years of migraine experience. Women made up 85 percent of participants. More than half
of enrolled patients had been previously treated with preventive medications for migraine. Most
RCTs were industry funded and reported conflict of interest by study investigators (Appendix
Table D9). All RCTs were double blind and most had low risk of bias (Appendix Table D10).

Onabotulinumtoxin A was better than placebo in reducing monthly migraine attacks by >50
percent (three RCTs of 459 adults, low-strength evidence) (Appendix Table D11).9%%
Onabotulinumtoxin A tended to increase the likelihood of >50 percent reduction in migraine
frequency compared with placebo in all RCTs (Appendix Table D12). Pooled relative increase
by 50 percent achieved statistical significance (pooled RR 1.5, 95% ClI, 1.2 to 1.8). Pooled
analyses demonstrated that 170 adults per 1,000 treated (95% CI, 82 to 258) would experience
>50 percent reduction in migraine frequency with onabotulinumtoxin A (Table 10). No RCTs of
abobotulinumtoxin A reported rates of >50 percent reduction in monthly migraine attacks.

A reduction in migraine days was considered as a primary outcome in the Phase I1l Research
Evaluating Migraine Prophylaxis Therapy (PREEMPT) RCT that reported statistically
significant reduction in frequency of headache days relative to 20 headache days at baseline (-9.0
days with onabotulinumtoxin A versus -6.7 days with placebo, p < .001).*¥ The same trial
reported a statistically significant reduction in frequency of migraine days relative to 19 migraine
days at baseline (mean difference with placebo -2.4 with 95% CI -3.3 to -1.4).**” We could not
pool the results from other RCTs that examined a reduction in migraine days or hours because
the trials failed to report data needed for reproducible results.**""**°

For intermediate outcomes, the absolute number of migraine attacks did not differ between
onabotulinumtoxin A and placebo (Appendix Table D13). Improvement in migraine severity was
inconsistent across four RCTs (Appendix Table D14).°%***%" |mprovement in migraine
disability assessment was inconsistent across two RCTs (Appendix Table D14).%*% A single
RCT of patients who had not benefitted from previous oral prophylactic treatment demonstrated
significant improvement in most domains of quality of life as assessed by the Migraine Impact
Questionnaire (Appendix Table D14).%*? The PREEMPT clinical program RCT demonstrated
statistically significant improvement in all domains of the Migraine-Specific Quality of Life
Questionnaire.'*® Significant improvement was demonstrated in global assessment, severity of
migraine symptoms, self-management of migraine, and ability to work and participate in
recreational activities (Appendix Table D14).*#

In our separate analysis of RCTs of abobotulinumtoxin A we found inconsistent effects on
patient global evaluation of treatment success. The Dysport Migraine Study Group reported a
statistically significant increase in patient’s global evaluation of treatment efficacy.** Slightly or
much improved migraine frequency was reported in 281 patients per 1,000 treated (95% CI 46 to
516).1** In contrast, the Dysport® In Migraine Without Aura Prophylaxis trial found no

28



differences in patient or investigators’ perception of global assessment with the active drug
versus placebo.*® Neither trial showed statistically significant reduction in absolute number of
migraine attacks with abobotulinumtoxin A versus placebo.***%

Tizanidine
Tizanidine was better than placebo in reducing migraine severity (one RCT of 136 adults) but
had no effect on migraine frequency.*

Antiepileptics

The Topiramate Chronic Migraine Study Group RCT offered low-strength evidence that
topiramate was better than placebo in reducing from baseline monthly migraine days, rates of 25
percent reduction in monthly migraine attacks, and frequency of associated symptoms. 3646147
Topiramate was not better than placebo in reducing monthly migraine attacks by>50 percent. ®
Topiramate did not decrease treatment discontinuation due to failure.**°

The drug improved quality of life and migraine related disability in adult with chronic
migraine. We estimated that 133 patients (95% CI, 27 to 239) per 1,000 treated would experience
improvement in quality of life measured using the SGIC instrument (Subject’s Global
Impression of Change). We estimated that 72 patients (95% CI, 7 to 137) per 1,000 treated
experienced reduction in migraine related disability.**” Improvement in disability scale score was
large and clinically important.*®

Prevention of Episodic Migraine
Antiepileptics

Topiramate

Individual RCTs and two pooled analyses of individual patient data from RCTs examined
efficacy of topiramate versus placebo for migraine prevention in adults (Appendix Table D15).
Most trials were funded by industry (Appendix Table D16). All trials were double blind and
most had low risk of bias (Appendix Table D17).

Topiramate was not better than placebo in achieving complete cessation of migraine (Table
9).24% Topiramate in doses of 50, 100, or 200 mg/day was better than placebo in reducing
monthly migraine frequency by>50 percent (Table 10 and Appendix Table D18). The results
were consistent across the studies and robust regardless of pooling methods (Appendix Table
D19). Topiramate was also better than placebo in reducing monthly migraine days by>50
percent (Table 10). Topiramate tended to reduce treatment discontinuation due to lack of efficacy
with borderline statistical significance in pooled analyses (pooled absolute risk difference -0.04
95% CI -0.07 to O).84,85,96,99,146,148-150

Topiramate, 100 mg/day, decreased the absolute number of migraine days by 5 days/month
in pooled analyses of RCTs (Appendix Table D20). The reduction in migraine severity scores
was inconsistent across the studies (Appendix Table D21). Individual RCTs demonstrated
significant improvement in quality of life as measured by scores on the Headache Impact Test,
Migraine Specific Questionnaire,* and Migraine Disability Assessment'® (Appendix Table
D22). Topiramate was better than placebo in improving general health status in a previously
published pooled analysis of individual patient data from RCTs (Appendix Table D23).'>
Medical Outcome Study Short Form 36 (SF-36) scores improved by more than 200 percent for

149
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self-relggrted vitality and more than 100 percent for pain and general health (Appendix Table
D23).

Topiramate was better than placebo in reducing use of acute drugs (Appendix Table D24).
Most individual RCTs demonstrated a small but significant reduction in the number of
medications taken or in the reduction of days when drugs for acute attacks were needed
(Appendix Table D24).

Divalproex

Three RCTs examined the efficacy of divalproex for migraine prevention in adults
(Appendix Table D25).2941% All three RCTs were funded by industry (Appendix Table D26) and
all were double blind (Appendix Table D27).

Divalproex was better than placebo in reducing monthly migraine frequency by>50 percent
(Table 10 and Appendix Table D28).1°*1% A larger dose of divalproex (1500 mg/day) was
effective in achieving a >50 percent reduction in migraine-related effects, including impairment
of usual activities, need for symptomatic medication, and nausea, vomiting, phonophobia, or
photoprll(%bia (Appendix Table D29).1% Evidence was low-strength due to imprecise treatment
effects.

Valproate

Small RCTs examined the efficacy of valproate for migraine prevention in adults (Appendix
Table D25)."2°*3 The trials were double blind and had medium risk of bias because the
investigators did not use planned intention-to-treat principles (Appendix Table D27).

Valproate was better than placebo in reducing monthly migraine frequency by >50 percent
(Table 12)."2° We estimated that 256 patients per 1,000 treated (95% Cl, 77 to 435) would
experience clinically important reduction in migraine attacks attributable to valproate.®
Valproate decreased the frequency of migraine attacks and severe attacks,'*® duration of
attacks,™ and the use of drugs for acute attacks'® (Appendix Table D30).

Beta Blockers

Propranolol

Most RCTs that examined the efficacy of propranolol versus placebo for migraine prevention
in adults (Appendix Table D31) failed to report funding sources (Appendix Table D32). All trials
were double blind but did not analyze the data according to planned intention-to-treat principles
(Appendix Table D33).

Propranolol was better than placebo in reducing migraine monthly frequency by >50 percent
(Table 10 and Appendix Table D34). The preventive effects of propranolol were consistent
across the studies (Appendix Table D35). Propranolol caused a small but significant decrease in
the absolute number of monthly migraine attacks (mean difference -1, 95% ClI, -2 to -0.3).2%% 1%
154155 A single RCT demonstrated that propranolol decreased use of drugs for acute attacks, both
analgesics (mean difference -0.3, 95% ClI, -0.4 to -0.1 doses per patient day) and the acute drug
ergotamine (mean difference -0.1, 95% ClI, -0.3 to -0.1 doses per patient day).**°

Timolol
Timolol was not better than placebo in achieving complete migraine cessation (Table 9).
Timolol was better than placebo in reducing migraine monthly frequency by >50 percent (Table

108

30



10 and Appendix Table D36).2941971% Eyjidence was low-strength due to medium risk of bias
and estimate imprecision (Appendix Table D37) Timolol also decreased absolute number of
migraine attacks and severity of headaches (Appendix Table D38).

Off-Label Drugs

Off-Label Antiepileptic Drugs

Most RCTs that examined six off-label antiepileptic drugs: acetazolamide, gabapentin,
vigabatrin, oxcarbazepine, carbamazepin, and lamotrigine (Appendix Table D39) were
sponsored by industry (Appendix Table D40), and all were double blind (Appendix Table D41).

Gabapentin was not better than placebo in achieving complete cessation of migraine attacks
(Table 9).%” Gabapentin was, however, better than placebo in reducing monthly migraine attacks
by >50 percent (Table 11).2”*1%*! |ndividual RCTs found that carbamazepin®*® but not
oxcarbazepine™™ and acetazolamide™’ were better than placebo in preventing migraine attacks
(Table 11).

In addition to off-label antiepileptic drugs examined in RCTs, pregabalin was examined in
one open-label uncontrolled trial.*>" Pregabalin was associated with a significant decrease from
baseline in headache frequency and severity and with global improvement defined as >50 in
visual analog scale (VAS) score in 40 percent of patients.'*

Beta Blockers

Most RCTs that examined the effects of off-label beta blockers versus placebo for migraine
prevention in adults (Appendix Table D42) failed to report funding and conflict of interest
(Appendix Table D43). All trials were double blind with medium risk of bias because the
investigators did not use planned intention-to-treat principles (Appendix Table D44).

Metoprolol

Metoprolol was better than placebo in improving patient perception of marked reduction in
migraine attacks (Appendix Tables D45).**** Pooled analysis found a significant increase in
the likelihood of a clinical response (Appendix Table D46)"***'* but no effect on absolute
number of migraine attacks (Appendix Table D47). 11311418

Metoprolol reduced severity of migraine attacks in a single RCT (Appendix Table D48).*
Regarding use of drugs for acute attacks, evidence with metoprolol was mixed; one trial reported
reduc?gi3 llJls4e of such drugs and a second reported increased use of analgesics (Appendix Table
D47).7

Atenolol

Atenolol was better than placebo in reducing monthly migraine attacks by >50 percent (Table
12 and Appendix Table D46)."*° Atenolol significantly reduced use of ergotamine drugs in a
single RCT (Appendix Table D46).*°

Nadolol

Nadolol was better than placebo in reducing monthly migraine attacks by >50 percent (Table
12).'* In a single RCT, nadolol improved perceived relief in frequency, intensity, and severity of
migraine attacks (Appendix Table D46).***
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Alprenolol

Alprenolol was not better than placebo in achieving perceived treatment success (Table 12
and Appendix Table D46).*??Alprenolol did not reduce the absolute number of monthly migraine
attacks or Headache Index scores (Appendix Table D47).*%

Pindolol

Pindolol was not better than placebo in reducing headache indices by >50 percent (Appendix
Table D48).* Pindolol did not reduce the absolute number of monthly migraine attacks or
Headache Index scores (Appendix Table D47).%°

Acebutolol
Acebutolol was better than placebo in achieving patient perception of clinical response
(Table 12).'%

Antidepressants

Most RCTs that examined the effectiveness of off-label antidepressants for migraine
prevention in adults (Appendix Table D49) were sponsored by industry (Appendix Table D50).
Most trials were double blind with medium risk of bias (Appendix Table D51).

Amitriptyline
Amitriptyline was better than placebo in reducing monthly migraine attacks by >75 percent
(Table 12).1%° RCTs demonstrated inconsistent improvement in migraine days and intensity. 2%

Fluoxetine
Fluoxetine was not better than placebo in achieving an excellent self-reported clinical
response.’®? Improvement in pain indexes was inconsistent in RCTs.2021%

Venlafaxine
Venlafaxine in a dose of 150 but not 75 mg/day was better than placebo in achieving an
excellent self-reported clinical response.'®®

Femoxetine
Femoxetine was not better than placebo in achieving patient satisfaction with treatment effect
or migraine frequency and severity.**"%

Mianserin
Mianserin was not better than placebo in improving migraine index or reducing migraine
frequency.'®
Cortical Spreading Depression Inhibitor
Tonabersat

Tonabersat (one RCT of 124 adults, low strength of evidence) (Table 12) was not better than
placebo in reducing monthly migraine attacks by >50 percent.*?’
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Calcium Channel Antagonists

Most RCTs that examined calcium channel blockers for migraine prevention in adults
(Appendix Table D52) were sponsored by industry and failed to disclose conflict of interest
(Appendix Table D53). All trials were double blind, with medium risk of bias (Appendix Table
D54).

Nimodipine
Nimodipine was better than placebo in complete cessation of migraine attacks (Table 9)*°

Nimggqig)ine was better than placebo in reducing monthly migraine attacks by >50 percent (Table
11).%

Nicardipine
Nicardipine was better than placebo in reducing migraine intensity and absolute number of
migraine attacks.'”

Verapamil
Verapamil was better than placebo in reducing composite migraine score and achieving
patient satisfaction.*”"*"? \Verapamil also reduced use of drugs for acute attacks.'"

Angiotensin Converting Enzyme Inhibitors

Two RCTs examined the effects of ACE inhibitors for migraine prevention in adults
(Appendix Table D55).28?® One industry-funded RCT examined lisinopril (Appendix Table
D56).1% One RCT of captopril reported neither funding source nor conflict of interest.*® Both
trials were double blind with low risk of bias (Appendix Table D57).

Captopril

Captopril was examined in one small RCT that enrolled adults with comorbid hypertension
and depressive symptoms for whom drugs had previously failed to prevent migraines.®
Captopril was better than placebo in achieving complete cessation of migraine (Table 9) and
improvement in Headache Index scores by more than 60 percent.®® The effect was large. We
estimated that 667 patients per 1,000 treated experienced no migraine (95% ClI, 388 to 946).%
Captopril was also better than placebo in reducing depression symptoms.®

Lisinopril

Lisinopril was better than placebo in reducing migraine days and severity of symptoms in a
single RCTs of 60 adults with episodic migraine.'?® Lisinopril also reduced the absolute number
of migrrﬂg\e days and body pain measured with SF-36 but did not decrease use of drugs for acute
attacks.

Angiotensin Il Receptor Antagonists

Two RCTs examined the effects of angiotensin Il receptor antagonists for migraine
prevention in adults (Appendix Table D55).'2°" Both trials were funded by industry and
reported conflict of interest (Appendix Table D56).'%'"® Both trials were double blind
(Appendix Table D57).
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Candesartan

Candesartan was better than placebo in achieving >50 percent reduction in migraine days,
hours, and severity (Table 12).'* Candesartan also decreased migraine-related disability but had
no effect on use of drugs for acute attacks.'”

Telmisartan

Telmisartan was not better than placebo in reducing monthly migraine days by >50
percent.'” Telmisartan reduced the absolute number of migraine days but had no effect on use of
drugs for acute attacks.'”

Antiadrenergics

Clonidine

Most RCTs that examined clonidine for its effects on migraine prevention in adults
(Appendix Table D58) failed to report funding and conflict of interest (Appendix Table D59).
Most trials were double blind but did not use intention-to-treat principles (Appendix Table D60).

Clonidine was better than placebo in >50 percent reduction in headache index'”* but not in
increasing the number of patients considered better according to self-reported global
assessment.' > Clonidine also failed to achieve clinically noticeable reduction in migraine
frequency.'’® Clonidine was better than placebo in reducing migraine duration'’’ and use of
drugs for acute attacks.'”®

Guanfacine
Guanfacine was better than placebo in reducing monthly migraine days and migraine days
with nausea or vomiting in one small RCT.'”

Ergot Alkaloids

All RCTs that examined effectiveness of ergot alkaloids for migraine prevention in adults
(Appendix Table D61) failed to report funding and conflict of interest (Appendix Table D62).
Most trials were double blind with medium risk of bias (Appendix Table D63).

Dihydroergotamine
Dihydroergotamine was not better than placebo in achieving complete cessation of migraine
attacks’® (Table 9) or in reducing monthly migraine attacks by >50 percent (Table 12).”

Leukotriene Receptor Antagonists

Montelukast
Montelukast was not better than placebo in reducing monthly migraine attacks by >50
percent.'*®

Nonsteroid Anti-Inflammatory Drugs

Individual RCTs demonstrated that aspirin, flurbiprofen, rofecoxib, and tolfenamic acid were
better than placebo in reducing migraine frequency by >50 percent (Table 12).
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Antipsychotic Drugs

Published RCTs did not examine antipsychotic drugs for migraine prevention. Quetiapine
was examined in one uncontrolled trial of refractory migraine, defined as migraine that was
previously unresponsive to the combination of atenolol, nortriptyline, and flunarizine.*®® Adult
patients with <15 days of headache per month who were not overusing drugs for acute attacks
were treated with quetiapine (75mg/day) for 10 weeks. Reduction in migraine frequency by >50
percent was achieved in 65 percent of the patients.'® Patients also experienced a significant
reduction in migraine days (from 10.2 to 6.2 per month), and use of drugs for acute attacks (from
2.3 t0 1.2 days/week).'®

Antidementia Drugs

Published RCTs did not examine antidementia drugs. Retrospective review of case series and
case reports demonstrated that with memantine treatment, 60 percent of the patients experienced
>50 percent reduction in monthly migraine frequency, and 80 percent experienced a significant
reduction in frequency of aura.'®!1%2

KQ1b. How do preventive pharmacologic treatments affect patient-centered
and intermediate outcomes when compared with active pharmacologic
treatments?

Individual RCTs provided low-strength direct evidence about the comparative effectiveness
of drugs and demonstrated few significant differences. Indirect adjusted analysis demonstrated
no differences between approved drugs and greater odds of clinical response with the angiotensin
I antagonist candesartan.

Exploratory network Bayesian meta-analyses demonstrated that approved drugs were
similarly better than placebo. Among off-label drug classes; however, angiotensin inhibiting
drugs demonstrated the largest significant odds of reducing monthly migraine by >50 percent.

Approved Drugs

Muscle Relaxants for Chronic Migraine

Onabotulinumtoxin A

Five RCTs of 350 adults examined comparative effectiveness of onabotulinumtoxin A versus
other drugs for migraine prevention (Appendix Table D64). Trials enrolled an average of 70+18
patients ages 18 to 65. Subjects experienced 12 to 24 monthly migraine days. Women made up
91 percent of enrollees. Trials were funded by industry™®**3* or grants,*®® with most investigators
disclosing conflict of interest (Appendix Table D65). All RCTs but one'®® were double blind,
with medium or high risk of bias due to inadequacy of randomization or unplanned intention-to-
treat analyses (Appendix Table D66). The trials often concluded that both active treatments were
successful based on statistically significant reduction from baseline in absolute number of
migraine days or hours.

We focus on differences in outcomes at the end of the treatment with active and control
drugs.

Comparative effectiveness of onabotulinumtoxin A versus topiramate was examined in two
RCTs that found no significant differences in likelihood of migraine prevention or improvement
in migraine disability assessment (Appendix Table D67).233!% physicians found marked
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improvement in migraine frequency more often with topiramate than onabotulinumtoxin A
(ARD 0.33, 95% ClI, 0.10 to 0.57) (Appendix Table D67). 8 Absolute scores on the Headache
Impact Test were significantly better with topiramate than onabotulinumtoxin A;**® however, use
of drugs for acute attacks did not differ between the two.™®

A single RCT examined the comparative effectiveness of onabotulinumtoxin A versus
divalproex sodium and found no differences in migraine prevention with two drugs (Appendix
Table D68).2*? Neither did the two drugs differ for absolute number of migraine days or changes
in scclJﬁzs from baseline in the migraine Disability Assessment Scores and/or Headache Impact
Test.

A single RCT examined the comparative effectiveness of onabotulinumtoxin A versus
amitriptyline and found no differences in migraine prevention with the two drugs (Appendix
Table D69).'® Evidence was insufficient due to a high risk of bias in this individual RCT.*®

Beta Blockers for Chronic Migraine

The National Institute of Neurological Disorders and Stroke Clinical Research Collaboration
trial demonstrated no benefits from combined propranolol and topiramate treatment on migraine
prevention in adults with chronic migraine for whom previous topiramate monotherapy had
failed.*®’ Propranolol combined with the antidepressant nortriptyline was no better than
propranolol alone or nortriptyline in reducing the number of days with headache by >50
percent.'®®

Antiepileptics for Episodic Migraine

Topiramate

Nine RCTs of 872 adults examined the comparative effectiveness of topiramate and other
drugs for migraine prevention (Appendix Table D70). Most trials did not report funding source
or conflict of interest (Appendix Table D71). All trials but one were double blind with low or
medium risk of bias (Appendix Table D72).

Individual RCTs provided low-strength evidence that topiramate was more effective than
amitriptyline in reducing monthly headache days by>50 percent with no differences in monthly
migraine days (Table 13). ¥ Topiramate was more effective than lamotrigine in reducing
monthly headache intensity by>50 percent. *® Differences were small (less than 20 percent
absolute risk difference) but statistically significant (Appendix Table D73). Decrease in
headache frequency by>50 percent did not differ between topiramate and zonasamide, **
valproate,**! levetiracetam,™? or lamotrigine.*® Topiramate was more effective than propranolol
in reducing absolute migraine frequency, duration, and intensity.**

Beta Blockers for Episodic Migraine

Propranolol

Most RCTs that examined the comparative effectiveness of propranolol for migraine
prevention in adults (Appendix Table D74) failed to report funding (Appendix Table D75). Most
trials were double blind but did not analyze the data according to planned intention-to-treat
principles (Appendix Table D76). Few trials met pooling criteria (Table 14).
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Propranolol Versus Topiramate

The likelihood of >50 percent reduction in monthly migraine frequency did not differ
between topiramate and propranolol (Table 13 and Appendix Table D35)."% Topiramate was
more effective than propranolol in reducing absolute migraine frequency, duration, and
intensity.™®® Use of drugs for acute attacks did not differ between the two drugs.'®

Propranolol Versus Timolol
The likelihood of >50 percent reduction in monthly migraine frequency did not differ
between propranolol and timolol (Table 14).1%42%7

Propranolol Versus Metoprolol
The likelihood of >50 percent reduction of the sum of severity scores or clinically important
reduction in migraine days did not differ between propranolol and metoprolol (Table 14).1941%°

Propranolol Versus Nifedipine
Propranolol was more effective than nifedipine in reducing monthly migraine frequency by
>50 percent (Table 14).195’196

Propranolol Versus Clonidine
The likelihood of >50 percent reduction in migraine days did not differ between propranolol
and clonidine (Table 13).**’

Propranolol Versus Nadolol

Nadolol, 160 mg/day, was more effective than propranolol in achieving a reduction of >50
percent in migraine frequency, duration, and intensity (Table 13).**® Differences between a lower
dose of nadolol (80 mg/day) and propranolol (160 mg/day) were not significant.*?%

Propranolol Versus Antidepressants

The likelihood of >50 percent reduction in monthly migraine attacks did not differ between
propranolol and amitriptyline®® nortriptyline,*® or femoxetine.?®* The likelihood of >50 percent
reduction in the number of migraine days did not differ between a combined therapy using both
drugs and propranolol alone.**®

Off-Label Drugs

Off-Label Beta Blockers

RCTs that examined comparative effectiveness of off-label beta blockers for migraine
prevention in adults (Appendix Table D77) failed to report funding and conflict of interest
(Appendix Table D78). All trials were double blind (Appendix Table D79). All RCTs examined
unique drug comparisons except two RCTs that compared the effects of metoprolol and aspirin.

Metoprolol Versus Aspirin

In pooled analyses, metoprolol and aspirin resulted in similar rates of >50 percent reduction
in monthly migraine attacks (Table 14).2%4?%® Individual RCTs reported that metoprolol was
more effective than aspirin, 300 mg/day,?* but less effective than aspirin, 1,500 mg/day.”®®
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Metoprolol Versus Nifedipine
Metoprolol was more effective than nifedipine in reducing monthly migraine attacks by >50
percent (Table 13).1%°

Metoprolol Versus Bisoprolol (Appendix Table D80)
Metoprolol and bisoprolol did not differ for reduction in monthly migraine attacks by >50
percent nor absolute number of migraine days (Appendix Table D81).2%42%

Metoprolol Versus Nebivolol (Evidence Table D80)

Reduction in monthly migraine attacks by >50 percent did not differ between metoprolol and
nebivolol.?*® Neither migraine-related disability, use of drugs for acute attacks (Appendix Table
D82), nor quality of life (Appendix Table D80) differed between metoprolol and nebivolol 2%

Metoprolol Versus Clonidine

Reduction in monthly migraine attacks by >50 percent did not differ between metoprolol and
clonidine.?®” However, more patients noticed a reduction in migraine days with metoprolol than
clonidine (Appendix Table D82).2%

Antidepressants

Individual RCTs found no differences in the comparative effectiveness of antidepressants for
migraine prevention. The likelihood of reducing monthly migraine attacks by >50 percent did not
differ between femoxetine and propranolol, nor did the duration or intensity of attacks or use of
acute drugs differ.”®* Fluoxetine combined with amitriptyline versus amitriptyline alone resulted
in similar migraine frequency and severity.”® Fluvoxamine versus amitriptyline resulted in
similar migraine frequency and severity.?* Venlafaxine versus amitriptyline resulted in similar
migraine frequency and severity.**

Indirect Evidence of Comparative Effectiveness of Preventive Drugs
for Episodic Migraine

Among all included RCTs, 97 percent examined the outcome of clinically important
reduction in migraine frequency by >50 percent. We found no consistent differences in baseline
patient characteristics in RCTs that examined the efficacy of various drugs for migraine
prevention. We conducted exploratory Bayesian network meta-analysis (Appendix Table D83)
and indirect adjusted analysis of such drugs (Appendix Table D84). We found no differences
among approved drugs (Table 15). Approved drugs were more effective than off-label drugs
except for the angiotensin Il receptor blocker candesartan, which was more effective than
topiramate, divalproex, and propranolol (Table 16). Exploratory Bayesian network meta-analysis
demonstrated that the approved drugs topiramate, divalproex, and propranolol, and off-label drug
classes except ergot alkaloids were better than placebo (Figure 3). The strength of the association
was the largest with angiotensin inhibiting drugs (Table 17).

Next, we analyzed the comparative effectiveness of nine treatments including propranolol,
timolol, metoprolol, all other off-label beta blockers (atenolol, nadolol, pindolol, bisoprolol, or
nebivolol), all off-label antidepressants, all approved and off-label antiepileptics, ACE inhibitors,
or angiotensin Il antagonists, and all other off-label drugs. This analysis clearly demonstrated
that angiotensin inhibiting drugs were more effective than all other treatments. Propranolol,
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timolol, metoprolol, and all other off-label beta blockers resulted in significantly greater odds of
migraine prevention than antiepileptics, antidepressants, and other off-label drugs.

39



Table 13. Comparative effectiveness of approved and off-label drugs on migraine prevention (50% or more reduction) in adults with

episodic migraine, results from individual head-to-head randomized controlled clinical trials

Active vs.

% With

Control Drug . Number | Attributable
Weeks From Outgome Re'f”““’e Absplute Needed | Events per . Strength

o With Risk Risk Risk of . . -

Randomization Reference Sample Acti o . to Treat 1,000 g Direct | Consistency | Precision of
. ctive (95% Difference Bias .
to Time to [Control] cy (95% CI) (95% Treated Evidence
Measure Drug Cl) (95% ClI)
Outcome
Top_lrfima_te VS. Dodick, 55.6 1.2 0.09 _
Amitriptyline 200915 347 [45.9] (2.0to (-0.01to NS NS Low Yes NA Imprecise | Low
26 weeks ) 1.5) 0.20)
Topiramate vs. Gupta 63.0 1.4 0.17
Lamotrigine 200799’ 120 [46 0] (1.0to (-0.01 to NS NS Low Yes NA Imprecise | Low
20 weeks ) 1.9) 0.34)
Topiramate vs. Di 0.8 -0.08
iener, 34.7 .

Propranolol 20041 288 [43.1] (0.6 to (-0.20 to NS NS Low Yes NA Imprecise | Low
26 weeks ) 1.1) 0.03)
Topiramate vs. de Tommaso 615 1.2 0.08
Levetiracetam 200712 | 28 [53; 3] (0.6to (-0.28 to NS NS Medium | Yes NA Imprecise | Low
8 weeks ) 2.2) 0.45)
Propranolol vs. 56.5 1.6 0.22
Clonidine Kass, 1980 | 46 348 (0.8to | (-0.06 to NS NS Medium | Yes NA Imprecise | Low
16 weeks [34.8] 3.2) 0.50)
Propranolol vs. Kangasniemi 2.8 0.13
Femoxetine 1983%1 "1 29 20.0[7.1] | (0.3to (-0.11to NS NS Medium | Yes NA Imprecise | Low
12 weeks 23.9) 0.37)
Propranolol . 0.3 -0.27 -4
vs. Nadolol fgg;lztl)lvsky, 91 [131é43] (0.1to (-0.44 to (2to (igg to 437) Medium | Yes NA Imprecise | Low
12 weeks ) 0.7) -0.10) 10)
Femoxetine vs. Kangasniemi 3.5 0.20
Propranolol 1983%1 | 24 27.3[7.7] | (0.4t0 (-0.10to NS NS Medium | Yes NA Imprecise | Low
12 weeks 29.4) 0.50)
Nortriptyline vs. Dominaues 29.2 0.7 -0.15
Propranolol zoogmg ! 49 [44 0] (0.3to0 (-0.41to NS NS Medium | Yes NA Imprecise | Low
8 weeks ) 1.4) 0.12)
Metoprolol vs. 0.9 -0.01
Bisoprolol Worz, 1992%% | 250 8.8[9.6] | (0.4to | (-0.08to0 NS NS Medium | Yes NA Imprecise | Low
12 weeks 2.0) 0.06)
Metoprolol vs. 1.1 0.07
Nebivolol ggggi'o%”berg' 30 ?576001 (0.6 to (-0.29 to NS NS Medium | Yes NA Imprecise | Low
18 weeks ) 2.2) 0.43)
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Table 13. Comparative effectiveness of approved and off-label drugs on migraine prevention (50% or more reduction) in adults with episodic
migraine, results from individual head-to-head randomized controlled clinical trials (continued)

Active vs.

% With .
Control Drug . Number | Attributable
Weeks From Outcome Relfatlve Abs_olute Needed | Events per . Strength
o With Risk Risk Risk of . . -
Randomization | Reference | Sample . . to Treat 1,000 . Direct | Consistency | Precision of
. Active (95% Difference Bias .
to Time to [Control] ch (95% CI) (95% Treated Evidence
Measure 0 cl) (95% CI)
Drug

Outcome
Metoprolol vs. Gerber 10.2 0.27 4 273
Nifedipine 1991195’ 39 27.3[0.0] | (0.6to0 (0.07 to (2to (74 to 472) Medium | Yes NA Imprecise | Low
28 weeks 168.9) 0.47) 14)
Metoprolol vs. Louis 323 1.3 0.06
Clonidine 19852,07 62 [25' 8] (0.6 to (-0.16 to NS NS Medium | Yes NA Imprecise | Low
8 weeks ) 2.7) 0.29)
Nadolol vs. 0.6 -0.22

Olerud, 38.5 . .

Propranolol 10861% 28 [60.0] (0.3t0 (-0.58 to NS NS Medium | Yes NA Imprecise | Low
24 weeks ) 1.4) 0.15)
Lisuride vs. Hermann 531 1. 0.02
Methysergide 1977212 ’ 253 [51' 2] 0(0.8to | (-0.10to NS NS Medium | Yes NA Imprecise | Low
12 weeks ) 1.3) 0.14)

ClI = confidence interval; NA = not applicable; NS= not significant
Number needed to treat and number of attributable events were calculated for statistically significant differences.
Bold = significant differences when 95% CI of absolute risk difference do not include 0.
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Table 14. Comparative effectiveness of drugs for migraine prevention in adults with episodic migraine, direct evidence from head-to-
head randomized controlled clinical trials (pooled with random effects model)

Rate,

Active Preventive Per(_:ent _ _ Abs_olute Number Attributable Stre_ngth of
Treatment Outcome Sample WI'Ih Relative Risk ' Risk Needed to Events per Evidence
References Active (95% CI) Difference Treat 1,000 Treated Reaspns for

[Control] (95% CI) (95% CI) (95% CI) Lowering SOE
Drug
250% decrease in Low
Timolol migraine 242 ?52?1] (1697 t01.2) 09'1(())3)( 01510 s NS (medium ROB,
vs. Propranolol®1%7 frequency imprecision)
' p value 0.593 0.606
| squared 0 0
250% decrease in Low
T 38.2 0.8 -0.12 .
migraine 113 NS NS (medium ROB,
II\D/lrec>t|i))rparlg)?cl)?llgXlsg.5 frequency [50.0] (0.5t01.2) (-0.30 to 0.06) imprecision)
p value p=0.371 p=0.361
| squared 0 0
Propranolol vs. 250% decrease in 76 46.2 23 0.27 4 274 '}f’.""h RoB
Nifedipine1% H‘é%ruagr‘]iy [18.9] (1.1 to 4.6) (0.09t00.46) | (2to 11) (89 to 458) i(m'grecisior'])
250% decrease in Low (medium
7 33.1 1.6 0.11
migraine 326 NS NS ROB,
X:;ﬁfnr%lzc,)zloys' frequency [39.3] (0.21011.0) (-0.43 to 0.65) imprecision)
p value 0.001 0
| squared 0.907 0.948

ROB = risk of bias; SOE = strength of evidence; NS= not significant; ClI = confidence interval
Bold = significant effects of drugs on treatment response when 95% CI of attributable events per 1,000 treated do not include 0. Number needed to treat and number of attributable
events were calculated for statistically significant differences
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Table 15. Indirect adjusted comparative effectiveness of clinical response* in RCTs of approved

drugs for the proph

laxis of episodic migraine

Active Control -- Co_ntrol - Control -- Qontrol --
Propranolol Timolol Topiramate Divalproex
Divalproex 1.1(0.4t02.9) 1.0(0.4t02.7) 0.9 (0.3t0 2.5) 1
Propranolol 1 0.9 (0.4t01.7) 0.8 (0.4 t0 1.6) 0.9(0.3;2.3)
Timolol 1.2(0.6;2.3) 1 1.0 (0.5 to 2.0) 1.0(0.4;2.9)
Valproate 1.4 (0.5t04.5) 1.2(0.4t04.1) 1.2(0.4t03.8) 1.3(0.3t05.0)

ClI = confidence interval; RCT = randomized controlled trial

*Clinical response was defined as >50 percent reduction in monthly migraine frequency or self-reported substantial reduction in
monthly migraine frequency Differences are significant when 95% CI of odds ratios do not include 1; odds ratios of each drug

versus placebo were compared with each other to calculate presented odds ratios with 95% CI.
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Table 16. Indirect adjusted comparative effectiveness of clinical response* in RCTs of approved drugs versus off-label drugs for the
prophylaxis of episodic migraine

Control -- Divalproex

Control Propranolol

Control -- Timolol

Control -- Topiramate

Control -- Valproate

Active

Acebutolol 2.8 (0.5;16.7) 3.2 (0.6;15.9) 2.7 (0.5;14.2) 2.6 (0.5;13.5) 2.2 (0.3;14.5)
Acetazolamide 0.3(0.1;1.2) 0.3(0.1;1.1) 0.3(0.1;1.0) 0.3(0.1;0.9) 0.2 (0.0;1.1)
Amitriptyline 1.0 (0.3;3.9) 1.1 (0.4;3.5) 1.0(0.3;3.2) 0.9 (0.3;3.0) 0.8 (0.2;3.5)
Aspirin 0.3(0.1;0.6) 0.3(0.2;0.4) 0.2 (0.1;0.4) 0.2 (0.1;0.4) 0.2 (0.1;0.6)
Atenolol 8.0 (0.4;167.6) 9.0 (0.5;171.2) 7.7 (0.4;150.9) 7.5(0.4;144.4) 6.3 (0.3;139.7)
Candesartan 5.7 (1.0;32.2) 6.4 (1.4;30.4) 5.5(1.1;27.3) 5.3 (1.1;26.0) 4.5 (0.7;28.1)
Clonidine 0.7 (0.2;2.4) 0.8 (0.3;2.0) 0.7 (0.3;1.9) 0.7 (0.2;1.8) 0.6 (0.1;2.1)
Dihydroergotamine 0.4 (0.1;1.0) 0.4 (0.2;0.8) 0.4 (0.2;0.7) 0.4 (0.2;0.7) 0.3 (0.1;0.9)
Fenoprofen 0.2 (0.1;0.9) 0.3(0.1;0.8) 0.2 (0.1;0.8) 0.2 (0.1;0.7) 0.2 (0.0;0.8)
Flurbiprofen 1.7 (0.4;7.6) 1.9 (0.5;7.0) 1.6 (0.4;6.3) 1.5 (0.4;6.0) 1.3(0.3;6.7)
Indomethacin 0.4 (0.1;2.1) 0.5 (0.1;2.0) 0.4 (0.1;1.8) 0.4 (0.1;1.7) 0.3(0.1;1.9)
Lamotrigine 0.6 (0.2;1.7) 0.6 (0.3;1.4) 0.5(0.2;1.3) 0.5(0.2;1.3) 0.4 (0.1;1.6)
Lisinopril 11.9 (0.6;233.2) 13.4 (0.8;237.7) 11.6 (0.6;209.6) 11.2 (0.6;200.5) 9.4 (0.4;194.7)
Lisuride 0.6 (0.2;,1.7) 0.6 (0.3;1.4) 0.5 (0.2;1.3) 0.5(0.2;1.2) 0.4 (0.1;1.5)
Montelukast 0.4 (0.1;1.2) 0.4 (0.2;1.0) 0.4 (0.2;0.9) 0.4 (0.2;0.8) 0.3(0.1;1.2)
Nadolol 1.9 (0.1;42.4) 2.1(0.1;43.4) 1.8(0.1;38.2) 1.8 (0.1;36.6) 1.5(0.1;35.3)
Nifedipine 3.2(0.7;14.2) 3.6 (1.0;13.0) 3.1 (0.8;11.8) 3.0(0.8;11.2) 2.5(0.5;12.6)
Oxcarbazepine 0.3 (0.1;0.8) Not able to calculate 0.3 (0.1;0.6) 0.3 (0.1;0.6) 0.2 (0.1;0.7)
Rofecoxib 0.8 (0.2;2.9) 0.3(0.1;0.6) 0.8 (0.3;2.3) 0.8(0.3;2.2) 0.7 (0.2;2.6)
Telmisartan 0.5(0.1;1.8) 0.6 (0.2;1.6) 0.5 (0.2;1.4) 0.5 (0.2;1.4) 0.4 (0.1;1.6)
Tolfenamic Acid 3.8 (0.6;23.2) 4.2 (0.8;22.1) 3.7 (0.7;19.8) 3.5(0.7;18.8) 3.0 (0.4;20.1)
Tonabersat 0.4 (0.1;1.1) 0.4 (0.2;1.0) 0.4 (0.1;0.9) 0.3(0.1;0.8) 0.3(0.1;1.0)
Gabapentin 0.8 (0.3;2.5) 0.9 (0.4;,1.8) 0.7 (0.3;1.7) 0.7 (0.3;1.6) .59 (0.2;2.0)
Mg 0.5(0.1;1.7) 0.5 (0.2;1.3) 0.4(0.2;,1.2) 0.4(0.2;,1.2) 0.4 (0.1;1.4)
Nimodipine 2.0 (0.2;0.0) 2.1(0.2;24.3) 1.8 (0.2;21.6) 1.8 (0.2;20.6) 1.42 (0.1;0.0)

CI = confidence interval; RCT = randomized controlled trial
*Clinical response was defined as >50 percent reduction in monthly migraine frequency or self-reported substantial reduction in monthly migraine frequency Bold = differences
are significant when 95% CI of odds ratios do not include 1; odds ratios of each drug vs. placebo were compared with each other to calculate presented odds ratios with 95% ClI
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Table 17. Odds ratio of clinical response with preventive drugs, results from exploratory Bayesian network meta-analysis

Control - Control -- Control -- Control -
. Control -- Control -- | Angiotensin | Control -- Control -- Control -- Control --

. Subjects Divalproex | Propranolol | Inhibitin NSAID Beta Antidepressants | Antiepileptics Ergot Clonidine Ca ++
Active P P Drugs 9 Blockers P priep Alkaloids Blockers
Topiramate 1812 0.8 0.9 0.4 1.0 0.7 1.2 1.2 1.7 0.7 0.9
16 RCTs ' (04t014) |(05t01.4) |(0.2tol1l.1) [(05t01.9)|(0.4t01.2)|(0.61t02.0) (0.7 t0 2.0) (0.6t04.2) | (0.3t01.3)] (0.41t02.7)
Divalproex 419 1 11 0.6 1.3 1.0 15 15 2.2 0.9 1.2
8 RCTs (0.6t02.0) |(0.2t01.6) [(0.6t02.8)|(0.5t01.9)|(0.7t03.1) (0.8t03.1) (0.8t05.9) | (0.41t01.9)| (0.51t0 3.6)
Propranolol 1172 0.9 1 0.5 1.1 0.8 1.3 1.3 1.9 0.8 1.0
24 RCTs ' (0.5t01.5) (0.2t01.2) |(0.6t02.2)|(0.5t01.3)|(0.8t02.3) (0.8102.4) (0.7t04.8) | (0.4t01.4) (0.4t02.9)
ﬁﬂ?&ﬁ?ﬁgsé?ugs 180 1.8 2.1 L 2.3 1.7 2.8 2.7 (31'92 o 1.6 2.1
5 RCTs (0.6t05.2) |(0.8t05.2) (0.8t06.6) | (0.7t04.6) | (1.0to 7.5) (1.0t0 7.5) 13;.8) (0.6 t0 4.5)| (0.7 t0 8.2)
NSAID 11.442 0.8 0.9 0.4 1 0.7 1.2 1.2 1.7 0.7 0.9
9 RCTs ' (0.4t01.7) |(051t01.7) [(0.2t01.2) (0.4t01.4)|(0.6t0 2.5) (0.6 to 2.6) (0.6t0 4.6) | (0.3t01.6)| (0.3102.9)
Beta blockers 714 1.0 1.2 0.6 1.3 1 1.6 1.6 2.3 0.9 1.2
17 RCTs (0.5t02.0) |(0.7t01.9) [(0.2t01.5) |[(0.7102.6) (0.9t02.9) (0.9t03.1) (0.9t05.9) | (0.5t0 1.7) (0.51t0 3.6)
Antidepressants 505 0.7 0.7 0.4 0.8 0.6 1 1.0 1.4 0.6 0.8
10 RCTs (0.3to1.4) |[(04t01.3) |(0.1t01.0) [(0.41t01.8)|(0.3t01.2) (0.5t02.0) (0.5t03.8) | (0.3t01.2)[(0.31t02.3)
Antiepileptics 457 0.7 0.8 0.4 0.9 0.6 1.0 1 14 0.6 0.8
9 RCTs (0.3to1.3) |(041t01.3) [(0.1t01.0) [(04t01.8)[(0.3t01.2)|(0.5t02.0) (0.5t03.9) | (0.3t01.3)[(0.31t02.3)
Ergot alkaloids 259 0.5 0.5 0.3 0.6 0.4 0.7 0.7 1 0.4 0.5
2 RCTs (0.2t01.3) [(0.2t01.4) [(0.1t00.9) [(0.2t01.7)[(0.2t01.2)|(0.31t01.9) (0.3t02.0) (0.1t01.2)](0.2t02.1)
Clonidine 271 1.1 1.3 0.6 1.4 1.1 1.7 1.7 2.4 1 1.3
7 RCTs (0.5t024) |(0.7t02.3) [(0.2t01.7) |(0.6t03.2)|(0.6102.0)|(0.81t0 3.6) (0.8t03.7) (0.8t06.7) (0.5t04.1)
Ca++ blockers 136 0.9 1.0 0.5 1.1 0.8 1.3 1.3 1.8 0.8 1
4 RCTs (0.3t02.2) |[(04t02.3) |(0.1to1.5) [(0.3t02.9)|(0.3t02.0)|(0.41t03.2) (0.4t0 3.4) (0.5t06.0) | (0.2t02.1)

NSAID = nonsteroidal anti-inflammatory drugs; RCT = randomized controlled trial
*Clinical response (defined as >50 percent reduction in monthly episodic migraine frequency or self-reported substantial reduction in monthly migraine frequency Bold =
differences are significant when 2.5 to 97.5% credible intervals of odds ratios do not include 1.
We used heterogeneous random effects model that assumes correlation within study (rho = 0.5) and heterogeneous between studies (WinBUG codes are in Appendix B) NSAID
nonsteroidal anti-inflammatory drugs.
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Figure 3. Bayesian network meta-analysis of clinical response to drugs versus placebo (66 RCTs of 14,774 adults) in randomized
controlled clinical trials that aimed to prevent migraine in adults

Active drug (RCTs in network meta-analysis/subjects
in the analyses)

Median Bayesian
Odds ratio (2.5%; 97.5 Crl)

Approved

Topiramate (16/1,812)
Divalproex (8/419)
Propranolol (24/1,172)

2.48 (1.69, 3.60)
3.24(1.97,5.61)
2.87(2.04,4.15)

Off label
Angiotensin inhibiting drugs (5/180)

. 5.85 (2.53, 14.65)

NSAID (9/11,442)
Beta-blockers (17/714)
Antidepressant (10/595)
Antiepileptic (9/457)
Ergot alkaloids (2/259)
Clonidine (7/271)

Ca"" blockers (4/136)

——
—_— e
—_—
——
——
——

2.54 (1.42, 4.66)
337 (2.31,5.30)
2.12 (1.33,3.59)
2.16 (1.32,3.52)
1.50 (0.63, 3.74)
3.66 (2.04, 6.49)
2.77 (0.99, 6.30)

.5 Favors placebo 1 Favors active drug 15

Crl = credible intervals; NSAID = nonsteroidal anti-inflammatory drugs
Clinical response was defined as >50% reduction in monthly migraine attacks or perceived clinically important treatment success. We used heterogeneous random effects model
that assumes correlation within study (rho = 0.5) and heterogeneous between studies (WinBUG codes are in Appendix B).
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KQ1lc. How do preventive pharmacologic treatments affect patient-centered
and intermediate outcomes when compared with active nonpharmacologic
treatments?

Antiepileptics

Topiramate Versus Exercise or Relaxation

The likelihood of >50 percent reduction in monthly migraine frequency did not differ
between topiramate and aerobic exercise or common forms of relaxation, breathing, and stress-
management techniques.?*® Migraine days, pain intensity, quality of life, or acute drug use did
not differ between topiramate and aerobic exercise or relaxation.”*?

Beta Blockers

Propranolol Versus Biofeedback

The likelihood of a reduction in monthly migraine frequency of >25 percent did not differ
between propranolol and diaphragmatic breathing and systematic relaxation that was assisted by
biofeedback and also practiced at home.?**

Antidepressants

Amitriptyline Versus Spinal Manipulation

Amitriptyline was more effective than spinal manipulation for reducing monthly migraine
attacks during the trial but less effective during post-treatment followup period.?*> Evidence was
low-strength due to risk of bias and imprecision (Appendix Table D85). Evidence from a single
high-risk-of-bias RCT was insufficient to conclude the comparative effectiveness of
amitriptyline versus biofeedback.?'®

KQ1d. How do preventive pharmacologic treatments combined with
nondrug treatments affect patient-centered and intermediate outcomes
when compared with pharmacologic treatments alone?

Five RCTs compared the effectiveness of drugs combined with nondrug treatments with
placebo or pharmacologic treatments alone (Appendix Table D86). Most trials were funded by
nonprofit grants (Appendix Table D87). Risk of bias was low in one trial, medium in two, and
high in two (Appendix Table D88).

Beta Blockers

Behavioral migraine management and relaxation combined with propranolol (maximum dose
240 mg/day) or nadolol (maximum dose 120 mg/day) was more effective than placebo in
reducing monthly migraine frequency by >50 percent (Appendix Table D89). However, effects
of the combined therapy did not differ from the effects of drugs alone.?*’ Evidence of
effectiveness and safety was low due to imprecise estimates from a single RCT (Appendix Table
D90).?Y We estimated that 387 adults per 1,000 treated would experience a reduction in
migraine frequency by >50 percent (95% ClI, 157 to 618) with combined therapy (Table 18).2"’
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Propranolol (240 mg/day) or nadolol (120 mg/day) combined with behavioral therapy
(orientation plus relaxation training, migraine warning signs and triggers, effectively using
migraine medication, reducing impact of migraines, stress management or biofeedback training,
and migraine management plan) was more effective than placebo in improving self-efficacy
(Appendix Table D91).%®

Evidence was insufficient from a single high-risk-of-bias RCT that compared the
effectiveness of propranolol combined with biofeedback and propranolol alone for migraine
prevention in adults.**®

Antidepressants

Amitriptyline Combined With Spinal Manipulation Versus Amitriptyline

Alone or Spinal Manipulation Alone (Table 19)%

Spinal manipulation was more effective than combined treatment in reducing Headache
Index scores.?*> Combined treatment was not more effective than amitriptyline alone in
improving general health status or reducing use of drugs for acute attacks (Appendix Table
D92).2"* Evidence from a single high-risk-of-bias RCT was insufficient to conclude comparative
effectiveness between amitriptyline combined with biofeedback and the drug alone.?*®
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Table 18. Comparative effectiveness of beta blockers combined with behavioral therapy* for episodic migraine prevention in adults,
results from individual low risk of bias randomized controlled clinical trial®!’

. . Number . Strength
0,
Outcome Active Treatment Control Sample ?(?:)?nfollr]] é‘f;'l;/e Needed To Attrlbzgggl%:i)vents of
P Treat (95% CI) ° Evidence

Clinically
improved (250% Behavioral migraine
reduction in management + Placebo 90 76.8 [40.0] 3 (2to 6) 387 (157 to 618) Low
migraines) at propranolol/nadolol
month 10
Clinically improved Behavioral migraine
(250% reduction in 9

oo management + Propranolol/nadolol 108 34.5 [34.0] NS NS Low
migraines) at lacebo
month 10 P
Clinically
improved (250% Behavioral migraine
reduction in management + Propranolol/nadolol | 122 76.8 [34.0] 2(2to 4) 428 (267 to 590) Low
migraines) at propranolol/nadolol
month 10
Clinically Behavioral
improved (250% Behavioral migraine midraine
reduction in management + 9 124 34.5[76.8] -2 (2to 4) -423 (262 to 583) Low

A management +
migraines) at placebo

Propranolol/nadolol

month 10

ClI = confidence interval; NS= not significant
*Behavioral therapy included orientation+relaxation training; migraine warning signs and triggers; effectively using migraine medication, and reducing impact of migraines; stress
management or biofeedback training; migraine management plan; Bold = significant at 95% confidence limit when 95% CI of attributable events per 1,000 treated do not include

0. Number needed to treat and number of attributable events were calculated for statistically significant differences.
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Table 19. Comparative effectiveness of antidepressant amitriptyline and spinal manipulation for episodic migraine prevention in adults,

individual medium risk of bias randomized controlled clinical tria

|215

Rate, % With Number Attributable Strength
Definition of the Active Treatment Control Treatment Sample Active vs. Needed To Events per of
Outcome [Control] Treat 1,000 Treated Evidence
Treatment (95% CI) (95% CI)
>60% reduction in HI o .
in last 4 weeks of Spinal manipulation Amitriptyline 147 22.1[48.6] -4 (-9 to -2) -265 (-414 to - Low
100 mg/day 116)

treatment phase
>60% reduction in HI
during the 4-week . . . Amitriptyline
post-treatment Spinal manipulation 100 mg/day 147 22.1[15.7] NS NS Low
followup phase
Reduction in HI
(headache index) Spinal manipulation +
scores during Spinal manipulation amitriptyline 148 40.3 [40.8] NS NS Low
treatment compared 100 mg/day
with baseline
Reduction in HI from . . .
baseline during the . . . Spmz_il _man!pulatlon

Spinal manipulation + amitriptyline 148 41.6 [25.4] 6 (3to 80) 162 (13 to 312) Low
post-treatment 100 ma/da
followup period graay
Reduction in HI
(headache index) Spinal manipulation +
scores during Spinal manipulation amitriptyline 148 40.3 [40.8] NS NS Low
treatment compared 100 mg/day
with baseline
Reduction in HI from . . .
baseline during the . . . Spmql man!pulatlon

Spinal manipulation + amitriptyline 148 41.6 [25.4] 6 (3to 80) 162 (13 to 312) Low

post-treatment
followup period

100 mg/day

ClI = confidence interval; HI = Headache Index; NS = not significant
Number needed to treat and number of attributable events were calculated for statistically significant differences.

Bold = significant differences at 95% confidence limit when 95% CI of attributable events per 1,000 treated do not include 0.
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KQlel. How might dosing regimens or duration of treatments influence the
effects of the treatments on patient-centered outcomes?

Muscle Relaxants

Onabotulinumtoxin A

Dose Response Migraine Prevention With Onabotulinumtoxin A

Higher doses of onabotulinumtoxin A resulted in a greater decrease in absolute migraine
frequency according to the BONTA-024-026-036 Study Group in adults with chronic
migraine.?*® Higher doses of onabotulinumtoxin A resulted in less frequent use and overuse of
acute pain medications at 1 and 3 months of followup according to the BONTA-039 Study Group
(Appendix Table D93).2*® However, neither patients nor investigators found differences in global
assessment of improvement with higher doses of onabotulinumtoxin A (Appendix Table D94).%

Higher doses of abobotulinumtoxin A did not increase the rates of positive global assessment
of the treatment effect in the Dysport® In Migraine Without Aura Prophylaxis trial.*** Higher
doses 012 f\bobotulinumtoxin A did not reduce migraine duration or intensity**® or depression
scores.

Antiepileptics

Topiramate

Increase in topiramate dose from 50 to 100 mg/day resulted in a higher response rate (=50
percent reduction in monthly migraine frequency) without additional benefit from increasing the
dose to 200 mg/day (Appendix Table D95). Higher topiramate doses (50 to 100 mg) resulted in
significant migraine prevention of >50 percent in one patient for every six treated (Table 20).

Divalproex
Higher doses of divalproex did not result in a greater likelihood of clinically important
migraine frequency reduction (Appendix Table D96).'%

Beta Blockers

Propranolol
Increasing propranolol dose did not result in a greater likelihood of clinically important
reduction in migraine frequency.?****

Off-Label Beta Blockers
Individual RCTs examined dose response effects with pindolo
bisoprolol.?’

224 225,226
I, I,

nadolo and

Pindolol
Pindolol, 15 mg/day, was more effective than 7.5 mg in reducing migraine days and
duration.?*
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Nadolol
Nadolol, 160 to 240 mg/day, was more effective than 80 mg/day in reducing migraine
frequency and severity.?*>*

Bisoprolol
Bisoprolol, 10 mg/day, was more effective than 5 mg/day in reducing migraine duration but

not frequency.?*’
Antidepressants
Amitriptyline
Amitriptyline, 50 mg/day, was not more effective than 25 mg/day in reducing migraine
frequency or severity.??
Venlafaxine

Venlafaxine, 150 mg/day, resulted in excellent global self-reported efficacy more often than
75 mg/day.'®°
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Table 20. Dose response reduction in migraine attacks by 250% from baseline with topiramate in adults

Events/Randomized

Absolute Risk

Number Needed

Referenqe To.piramate With Larger vs. Relative Risk Difference To Treat Attributable Events

Risk of Bias Daily Doses Smaller Dose (95% CI) (95% CI) (95% Cl) (95% CI)
g@;i‘?iéﬁgﬁg égg}’g? d‘g/' i%% 1.3(0.9t0 1.7) 0.10 (-0.02t0 0.23) | NS NS
gii'sbkegsftsgg’s?&(’i:um égom”;? d‘;‘;' %ﬁ? 1.5 (1.1 to 2.1) 0.19 (0.07t0 0.31) | 5 (3 to 15) 189 (67 to 312)
gii'sbkegsftgzg's:zﬁg‘::ao égg}’g? d‘g‘,' igﬁég 1.5 (1.1 to 2.0) 0.18 (0.06 t0 0.30) | 6 (3to 17) 179 (58 to 300)
Pooled ég%”&?d‘;; ggggg 1.4 (1210 1.7) 0.16 (0.09100.23) | 6 (410 12) 157 (86 to 228)
ﬁg&“;‘?zi:ﬁoﬁ;ﬁi égg}’g? d‘g/' Zﬁéé 1.2 (0.9 to 1.6) 0.08 (-0.05 t0 0.20) | NS NS
gngkegsftgg,s:zlc\)ﬂoeeg:um ggom”;%g;‘y N e 1.5 (1.1 to 2.0) 0.17 (0.0410 0.29) | 6 (3 to 24) 167 (41 to 294)
gii'sbkegsff:g’s:zfg‘fo gg%”;?égiy vs. iéﬁ% 1.4 (1.1to 1.9) 0.16 (0.04 t0 0.29) | 6 (4 to 26) 161 (38 to 285)
Pooled ég%”&?ég?y vs. | 1701850 1.4 (1.2 to 1.6) 0.14 (0.06 t0 0.21) | 7 (5 to 16) 136 (64 to 208)

229

ﬁ;g‘;‘;?;:gofoww iggmg;gg vs. ggﬁg 1.0 (0.7 to 1.2) -0.02 (01510 0.11) | NS NS
g;g’fgitggg's?&ﬁ%m iggmgﬁg Vs ggﬁég 1.0 (0.8t0 1.2) -0.02 (-0.15t00.11) | NS NS
gzg’f;?tg:géffgjv iggmg;gg vs. g;ﬁg 1.0 (0.8 0 1.2) -0.02 (01410 0.11) | NS NS
Pooled iggmgﬂg Vs i;gg?g 1.0 (0.8 to 1.1) -0.02 (-0.09t0 0.05) | NS NS

ClI = confidence interval; NS = not significant
Bold = significant at 95% confidence limit when 95% CI of attributable events per 1,000 treated do not include 0.
Number needed to treat and number of attributable events were calculated for statistically significant differences.
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KQ1le2. How might approaches to drug management (such as patient-care
teams, integrated care, coordinated care, patient education, drug
surveillance, or interactive drug monitoring) influence results?

Six RCTs of 3,825 adults examined the effectiveness of drug management for migraine
prevention in adults (Table 21 and Appendix Table D97). Most trials were sponsored by
nonprofit organizations (Appendix Table D98). Half of the trials had low risk of bias, and the
other half had medium risk of bias due to inadequacy of randomization (Appendix Table D99).
Four RCTs examined the effectiveness of multidisciplinary migraine management programs and
two examined the effectiveness of pharmacist-led drug management (Appendix Table D100).

Multidisciplinary Intervention Versus Standard Care

The community-based multidisciplinary intervention included intake by a neurologist,
physical therapist, and a psychologist, with group-supervised exercise therapy sessions, massage
therapy sessions, and group lectures with a dietitian®! (Appendix Table D100). Adherence did
not differ between the multidisciplinary intervention and standard medical care with the patient’s
primary physician (Appendix Table D101).* The multidisciplinary intervention was more
effective in improving quality of life and reducing migraine-related disability (Appendix Table
D102).%! We found no statistically significant changes in medication use or work status.**

Migraine Management Program Versus Usual Care

A multidisciplinary migraine management program was administered by a midlevel provider
(e.g., nurse practitioner or physician assistant) with expertise in migraine evaluation and
management.** The program included an educational session in which patients received
materials that described: migraine types and etiologies, triggers, sleep hygiene, pharmacologic
treatment, and relaxation techniques.* Patients in the control group continued with their current
clinician, without access to the migraine management program. Fewer adults had migraine-
related disability at 6 months of followup with the migraine management program (Appendix
Table D103).%** We estimated that 196 adults per 1,000 treated (95% CI, 125 to 258) would have
no migraine-related disability with the migraine management intervention.?®*> The program was
also more effective than usual care in improving quality of life and treatment satisfaction
(Appendix Table D104).%*

Cognitive Behavioral Minimal Contact Program Versus Usual Care

The cognitive-behavioral minimal contact program consisted of five sessions that provided
information about migraine and progressive muscle relaxation, acute and prophylactic migraine
medications, and triggers for medication overuse (e.g., availability of drugs, fear of attack and
loss of social functioning, and stress level in private and professional life). Participants also
established individualized goals for future drug intake and improving quality of life.** The
cognitive-behavioral minimal contact program did not decrease migraine frequency or duration
of migraine related disability (Appendix Table D105),* nor did it improve engagement in social
activity, self-management of pain, migraine-related anxiety, or depression.?** However, patient
satisfaction with treatment was significantly greater with the cognitive-behavioral minimal
contact program than with usual care.?*®
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Headache School Versus Usual Care

Headache school involved a standardized curriculum of didactic instructions regarding
migraine biogenesis and management. It consisted of classes taught by neurologists and migraine
sufferers who previously had undergone intensive classroom training. Headache school classes
focused mostly on acute preventive drug treatments.®* Patients in the control group received
routine drug management.?** Patients who attended headache school less often overused drugs
for acute attacks than patients receiving routine drug management (Appendix Table D106).%*
Attending headache school also reduced migraine disability (Appendix Table D107).2%*

Pharmaceutical Care for Migraine Versus Standard Counseling

Pharmaceutical care intervention was defined as intensified structured counseling between
patient and pharmacist and the use of drug databases. German pharmacists worked with patients
individually to prioritize problems, define goals, and devise plans to work toward goals.*®
Patients in the control group received standard counseling that included general information
about benefits and possible adverse drug effects.”®> Pharmaceutical care resulted in a statistically
significant improvement from baseline in mental health and self-efficacy.?*® However, the
likelihood of complete migraine cessation did not differ between active and control interventions
(Appendix Table D108)** nor did the absolute number of migraine attacks or quality of life
(Appendix Table D109).%*

Intensive Pharmaceutical Care Campaign Versus Control Pharmacy

Danish pharmacists and pharmacy assistants provided the intervention according to the
manual developed by the Danish College of Pharmacy Practice.”*® The campaign targeted
inappropriate use of triptans. Intervention pharmacy staff received information about migraine,
detection of inappropriate triptan use and other drug-related problems, and techniques for
establishing a private dialogue with patients.”*® The campaign had no statistically significant
impact on use of triptans (Appendix Table D110).2%
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Table 21. Prevention of migraine with drug management programs, results from individual randomized controlled clinical trials

Reference/Treatment vs. Control
Sample/Risk of Bias

Description

Results

Lemstra, 2002%%

Multidisciplinary intervention vs. standard
medical care with the patient's family
physician

Sample: 80

Risk of bias: Medium

Multidisciplinary intervention consisted of a neurologist intake, physical
therapist intake, 18 group-supervised exercise therapy sessions with an
exercise therapist, 2 group lectures with a registered psychologist 1
group lecture with a dietitian, 2 massage therapy sessions, and a
neurologist and physical therapist.

More effective in improving quality of life and
reducing migraine related disability with no
statistically significant changes in the use of
acute drugs or work status.

Matchar, 2008%%

Headache management program vs.
continue with current clinician
Sample: 614

Risk of bias: Medium

Headache management program consisting of: (1) a class specifically
designed to inform patients about headache types, triggers, and
treatment options; (2) diagnosis and treatment by a professional
especially trained in headache care (based on U.S. Headache
Consortium guidelines); and (3) proactive followup by a case-manager.

More effective in improving quality of life and
satisfaction with care; 196 adults per 1,000
treated (95% CI, 125 to 258) had no
migraine-related disability with the headache
management program.

Fritsche, 2010%%
Cognitive-behavioral minimal contact
program (MCT) vs. two brochures
Sample: 158

Risk of bias: Low

The program consisted of 5 sessions with six participants and lasting 2
hours each: (1) Introduction and syndrome education; (2) Medication
rules and the risk of medication overuse headache, including information
about prophylactic migraine medication and medication overuse; (3)
Medication intake behavior, aimed at raising awareness for "external”
and "internal" influences on patient's medication intake behavior; (4)
General and personal risk factors for drug intake; and (5) Everyday
transfer aimed at establishing individual goals for future drug intake and
learning how to make use of social support to control intake behavior.

More effective in patient satisfaction. No
effects on migraine frequency or duration of
migraine related disability, social activity
engagement, pain self-management, or
migraine related anxiety and depression.

Rothrock, 20062

Standardized course of didactic
instructions regarding migraine
biogenesis and management ("headache
school")

Sample: 100

Risk of bias: Medium

The curriculum consisted of 3 90-minute classes held on evenings and
weekends and taught by lay migraineurs who previously had undergone
intensive classroom and in-clinic training by neurology investigators. All
individuals serving as patient instructors underwent 12 hours of
classroom instruction in headache theory and treatment, received and
reviewed a related course syllabus, were required to pass a written
examination based on that didactic instruction, and then served a
minimum of 12 hours as observers in the headache clinics.

Decreased overuse of acute drugs and
reduced migraine disability.

Hoffmann, 2008%%

Pharmaceutical care for migraine vs.
regular pharmaceutical consultation
Sample: 410

Risk of bias: Low

Pharmacists from the intervention pharmacies participated in a 2-day
central training program conducted by a physician and a pharmacist.
Together with the patient, the intervention pharmacist prioritized
problems, defined goals, and devised a plan to work toward them. The
training was based on a comprehensive standard operation manual
developed by the Federal Union of German Associations of Pharmacists,
in cooperation with the principal.

Complete migraine cessation did not differ
between active and control intervention.

Sondergaard, 2006%%

Intensive pharmaceutical care campaign
Sample: 2463

Risk of bias: Low

Pharmacists from the intervention pharmacies identified inappropriate
triptan use, established a dialogue with individual patients and offered
advice about migraine management with preventive drugs to reduce
triptan overuse. The training package was developed in cooperation with
the Danish College of Pharmacy Practice.

Significant improvement in mental health and
self-efficacy; no statistically significant impact
on use of triptans.
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Key Question 2. What are the comparative harms from pharmacologic
treatments for preventing migraine attacks in adults?

We identified 15 RCTs and six nonrandomized studies that examined the safety of
onabotulinumtoxin A for chronic migraine prevention in adults. We identified 159 RCTs of
18,134 adults that examined the safety of drugs for episodic migraine prevention in adults.

Among approved drugs, onabotulinumtoxin A, topiramate, and propranolol resulted in
bothersome adverse effects leading to treatment discontinuation more often than placebo.

The association was dose responsive for topiramate. Larger doses of topiramate caused
higher risk of anorexia, depression, paresthesia, and difficulty in memory leading to treatment
withdrawal. Larger doses of topiramate caused higher risk dry mouth, paresthesia or fatigue,
mood problems, nausea, and weight loss.

Individual RCTs showed that divalproex caused adverse effects that led to treatment
discontinuation, including nausea, somnolence, tremor, vomiting, and asthenia.

Among other drugs, pooled analyses demonstrated that off-label antidepressant amitriptyline
caused bothersome adverse effects leading to treatment discontinuation more often than placebo.

Limited low-strength direct comparative evidence from individual head-to-head RCTs
suggested that treatment discontinuation due to adverse effects was less frequent with
onabotulinumtoxin A than topiramate or amitriptyline. Individual unique RCTs provided low-
strength direct evidence about adverse effects with specific drugs with no consistent pattern
across available drug comparisons.

Indirect adjusted analyses demonstrated no differences in treatment discontinuation due to
adverse effects with approved drugs or approved versus off-label drugs. Exploratory Bayesian
network meta-analyses demonstrated that topiramate and off-label antiepileptics and
antidepressants resulted in bothersome adverse effects leading to treatment discontinuation more
often than placebo. According to network meta-analysis, off-label angiotensin inhibiting drugs
and beta blockers were the safest treatment option for adults with episodic migraine.

KQ2a. What are the harms from preventive pharmacologic treatments
when compared with placebo or no active treatment?

We identified 83 RCTs that compared adverse drug effects with placebo. Most studies failed
to disclose conflict of interest by trial investigators (Appendix Table D111). The results from
these 83 trials that were a subset of RCTs that examined benefits with drugs for episodic
migraine prevention in adults were applicable to the target population (Appendix Table D112).
Women made up an average of 78 percent of all enrollees. Mean age of the enrollees varied from
29 to 49 years. Patients had an average 5.5 monthly migraine attacks. The trials followed for an
average 18 weeks to assess adverse effects (Appendix Table D113). Sample size averaged 116
adults (range 12 to 818). RCTs reporting harms were not necessarily powered to detect
statistically significant differences in adverse effects.

We concluded medium risk of bias in 54 RCTs and low risk of bias in 22 RCTs (Appendix
Table D114). Most studies were double blind. Nonrandomized studies with high risk of bias
suggested that 10 to 20 percent of patients discontinued antiepileptic drug treatments at one year
or longer of followup (Appendix Table D115).

We focused on treatment discontinuation due to any and specific adverse effects from pooled
analyses (Table 22).
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Muscle Relaxants

Onabotulinumtoxin A

Fifteen RCTs examined the safety of botulinum toxin for chronic migraine prevention in
adults including 13 RCTs of onabotulinumtoxin A and two RCTs of abobotulinumtoxin A
(Appendix Table D8). Onabotulinumtoxin A resulted in adverse effects and treatment
discontinuation due to adverse effects more often than placebo (Table 22). Pooled analyses
demonstrated that per 1,000 patients treated, 155 experienced adverse effects and 26
discontinued treatments due to bothersome adverse effects (Table 23). The results were robust
and remained significant with different methods of pooling (Appendix Tables D116 and D117).
Abobotulinumtoxin A RCTs did not report treatment discontinuation due to adverse effects.*3%4*

Among individual adverse effects, neck pain and muscle weakness were the most common
(Table 23). Increase in risk of adverse effects with onabotulinumtoxin A was lower in trials with
higher placebo rates of adverse effects (Table 24). Increase in risk of adverse effects was dose
responsive (Appendix Table D118). Patients experienced eyelid edema with 50U of
onabotulinumtoxin A more often than with 25U.%*° Higher doses of 150 to 225U of
onabotulinumtoxin A resulted in greater risk of blepharoptosis, muscle weakness, and neck
rigidity (Appendix Table D118).

Abobotulinumtoxin A

Abobotulinumtoxin A RCTs reported increased risk of neck weakness in 109 patients per
1,000 treated (95% Cl, 22 to 196)."*** The rates of the total adverse effects were statistically
higher with the increased dose of the drug (210U versus 80U).*** The rates of specific adverse
effects did not differ between the active drug and placebo.'*14*

Antiepileptics

Topiramate

Most RCTs that examined safety with topiramate versus placebo for episodic migraine
prevention in adults (Appendix Table D119) were funded by industry and reported conflict of
interest by principal investigators (Appendix Table D120). All trials were double blind
(Appendix Table D121).

Patients stopped taking topiramate more often than placebo because of intolerable adverse
effects including fatigue, paresthesia, and taste perversion (Table 25). Topiramate in doses of
100 and 200 mg/day (but not 50 mg/day) resulted in treatment discontinuation due to adverse
effects more often than placebo (Appendix Table D122). Compared with placebo, topiramate
more often resulted in bothersome taste perversion, paresthesia, and fatigue leading to
withdrawal (Appendix Table D123).

Pooled estimates were consistent with imprecision that decreased strength of evidence. Per
1,000 treated, topiramate resulted in bothersome adverse effects leading to treatment
discontinuation in 36 (with 100 mg/day) or 146 (with 200 mg/day) patients. Published pooled
analysis of individual patient data demonstrated topiramate discontinuation due to anorexia,
anxiety, depression, hypoesthesia, and nausea (Appendix Table D124).%" Some adverse effects
leading to treatment discontinuation were reported in individual RCTs that failed to show
statistically significant increase in risk of specific harms with topiramate (Appendix Table
D125).
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Topiramate increased risk of specific adverse effects. Individual RCTs reported small
numbers of events. Pooled analyses demonstrated a statistically significant increase in risk of any
adverse effect, paresthesia, cognitive difficulties, diarrhea, dry mouth, fatigue, nausea, taste
alteration or perversion, and weight loss (Appendix Table D126). Topiramate caused adverse
effects in one patient for every eight treated. Taste alteration, weight loss, and paresthesia were
the most common adverse effects (Table 26). Individual RCTs reported increased risk of severe
anorexia and mood problems (Table D127).

Risk of adverse effects was dose responsive according to the published pooled analyses of
individual patient data (Appendix Table D128).%" Larger doses of topiramate increased risk of
anorexia, depression, paresthesia, and difficulty in memory leading to treatment withdrawal.*’
Larger doses of topiramate increased risk of dry mouth, paresthesia or fatigue, mood problems,
nausea, and weight loss.?’

Divalproex

Adverse effects with divalproex versus placebo were examined in three RCTs that examined
efficacy of divalproex for episodic migraine prevention in adults (Appendix Table D25). All
three RCTs were funded by industry (Appendix Table D26) and all were double blind (Appendix
Table D27).

Treatment discontinuation due to adverse effects did not differ with divalproex versus
placebo (Table 22 and Appendix Table D122).29%1% Divalproex caused alopecia, asthenia,
nausea, and tremor more often than placebo (Table 27). Strength of evidence was low because of
risk of bias and imprecision of the treatment effects. Larger doses of divalproex did not increase
risk of bothersome adverse effects leading to treatment discontinuation (Appendix Table
D129).122 Larger doses of divalproex increased risk of nausea and tremor (Appendix Table
D130).

Valproate

Adverse effects of valproate were examined in two small double-blind RCTs of 75 adults that
examined efficacy of valproate for episodic migraine prevention in adults (Appendix Tables
D25-D27).

Treatment discontinuation due to adverse effects did not differ with valproate versus placebo
(Table 22).1 Rates of combined adverse effects did not differ between valproate and placebo
(Appendix Table D131).12%4%3

Beta Blockers

Propranolol

All RCTs that examined safety with propranolol versus placebo in adults with episodic
migraine (Appendix Table D31) were double blind but did not analyze the data according to
planned intention-to-treat principles (Appendix Table D33). Propranolol increased risk of
bothl%gszggne adverse effects leading to treatment discontinuation more often than placebo (Table
22).7

Propranolol resulted in adverse effects more often than placebo (Appendix Table D132).
Among individual adverse effects, propranolol more often than placebo resulted in diarrhea
(pooled 89 attributable events per 1,000 treated; 95% CI, 14 to 164) and nausea (pooled 43
attributable events per 1,000 treated 95% ClI, 9 to 77).
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Timolol

Treatment discontinuation due to bothersome adverse effects did not differ with timolol and
placebo in adults with episodic migraine (low-strength evidence from individual RCT) (Table
28). Timolol increased risk of overall adverse effects but not of any specific examined adverse
effects more often than placebo (Appendix Tables D133 and D134).

Off-Label Drugs

Antiepileptics

All RCTs that examined the safety of six off-label antiepileptic drugs for episodic migraine,
including acetazolamide, gabapentin, vigabatrin, oxcarbazepine, carbamazepin, and lamotrigine
(Appendix Table D39) were double blind (Appendix Table D41). Pooled analyses demonstrated
no differences in treatment discontinuation due to adverse effects with gabapentin or lamotrigine
versus placebo (Table 22 and Appendix Table D135) but increase in risk of the total adverse
effects with gabapentin (Appendix Table D136). Antiepileptic drugs increased risk of the
specific adverse effects as follows.

Acetazolamide

Acetazolamide caused paresthesia, drowsiness, memory impairment, malaise, and
fasciculation more often than placebo in adults with episodic migraine (Appendix Table
D137).1

Carbamazepin

Carbamazepin caused adverse effects that led to dose reductions more often than placebo in
adults with episodic migraine. Specific adverse effects included vertigo and drowsiness.
(Appendix Table D138).'®

Gabapentin

Gabapentin caused somnolence and dizziness more often than placebo in adults with episodic
migraine (Appendix Table D139)*: however, the validity of the results was questioned due to
exclusion of patients from the analyses and biased tolerability conclusions.**

Lamotrigine

Treatment discontinuation due to the specific side effects, including rash, occurred more
frequently with lamotrigine than placebo in adults with episodic migraine (Appendix Table
D140).%*° A fixed dose of 200 mg/day of lamotrigine caused skin rash more often than placebo.
In coz%rast, a gradually escalated dose of lamotrigine starting with 25 mg/day did not cause skin
rash.

Oxcarbazepine
Oxcarbazepine caused adverse effects including fatigue, dizziness, and nausea more often
than placebo in adults with episodic migraine (Appendix Table D141).**°

Antidepressants

Pooled analyses demonstrated that amitriptyline but not femoxetine caused adverse effects
leading to treatment discontinuation more often than placebo in adults with episodic migraine
(Table 22). Amitriptyline increased the risk of dizziness, drowsiness, and constipation (Appendix
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Table D142). Femoxetine and fluoxetine increased the risk of any adverse effects (Appendix
Table D142).

Cortical Spreading Depression Inhibitor
Individual RCTs demonstrated no differences between placebo and tonabersat in treatment
discontinuation due to bothersome adverse effects in adults with episodic migraine.*?’

Beta Blockers

Atenolol

Treatment discontinuation due to bothersome adverse effects did not differ between atenolol
and placebo in adults with episodic migraine (Appendix Table D143).1221°9241 | ess than 1
percent of participants discontinued atenolol due to bothersome side effects (Appendix Table
D144).135924 Among all examined adverse effects, only rates of slight orthostatic dizziness
during the first week of treatments were greater with atenolol than with placebo.

Bisoprolol

Treatment discontinuation due to bothersome adverse effects did not differ between
bisoprolol and placebo in adults with episodic migraine.?*” In fact, side effects occurred no more
often from bisoprolol than from placebo (Appendix Table D144). A higher dose of bisoprolol did
not result in greater rates of adverse effects or treatment discontinuation due to adverse effects.?*’
Bisoprolol, 10 mg/day, decreased heart rate when compared with 5 mg/day.**’ Systolic and
diastolic blood pressure did not differ with two doses of bisoprolol.?’

Metoprolol

Treatment discontinuation due to bothersome adverse effects did not differ between
metoprolol and placebo in adults with episodic migraine.*** Rates of total adverse effects were
greater with metoprolol than with placebo in a single RCT.** Metoprolol caused fatigue and
sleep disturbances more often than placebo (Appendix Table D145).*3

Nadolol
Treatment discontinuation due to bothersome adverse effects did not differ between nadolol
and placebo in adults with episodic migraine.*** In fact, nadolol caused adverse effects no more

often than placebo. An increased dose of nadolol did not result in greater rates of adverse
eﬁeCtS.ZZS’ZZG

Pindolol

Treatment discontinuation due to bothersome adverse effects did not differ with pindolol and
placebo in adults with episodic migraine.*® Patients experienced orthostatic dizziness and
faintness more often with pindolol than with placebo.*®

Ergot Alkaloids

In individual underpowered RCTs, treatment discontinuation due to bothersome adverse
effects did not differ with placebo, lisuride, or methysergide in adults with episodic
migraine. 324
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Angiotensin Converting Enzyme Inhibitors

Individual RCTs of adults with episodic migraine did not examine treatment discontinuation
to bothersome adverse effects with lisinopril*® or captopril 28 Captopril caused adverse effects
no more often than placebo.®® The rates of any adverse effects were greater with lisinopril than
placebo; however, rates of the most common adverse effects with ACE inhibitors (coughing,
fatigue, dizziness, or tendency to faint) did not differ between lisinopril and placebo.'?®

Angiotensin Il Antagonists

Individual RCTs did not examine treatment discontinuation to bothersome adverse effects
with candesartan'® or telmisartan in adults with episodic migraine.!”® Neither drug caused any
adverse effect more often than placebo.*?**"

Calcium Channel Antagonists

Treatment discontinuation due to bothersome adverse effects did not differ between placebo
and nifedipine,*** nimodipine,***?** or verapamil in adults with episodic migraine.*"

Compared with placebo, verapamil more often caused tolerable constipation that did not
result in treatment discontinuation.*™ Nifedipine resulted in adverse effects more often than
placebo.?”®* Among individual adverse effects, nifedipine increased rates of headache, dizziness,
and edesrgla.243 Nimodipine increased rates of abdominal cramps but no other examined adverse
effects.

NSAID

Individual RCTs found no differences in bothersome adverse effects leading to treatment
discontinuation with fenoprofen,?* naproxen sodium,** or tolfenamic acid in adults with
episodic migraine.*** Among individual adverse effects, fenoprofen increased rates of fatigue
and somnolence.?*®

KQ2b. What are the harms from preventive pharmacologic treatments
when compared with active pharmacologic treatments?

There was low-strength evidence from individual RCTs that examined comparative safety
with migraine preventive drugs.

Muscle Relaxants

Onabotulinumtoxin A for Chronic Migraine

Comparative safety of onabotulinumtoxin A versus topiramate was examined in two RCTs
that demonstrated better safety with onabotulinumtoxin A than topiramate (Appendix Table
D146).18%18¢ patients experienced depression or mood disturbance, weight loss, paresthesias, or
cognitive deficits more often with topiramate (Appendix Table D146)."%1%

A single RCT examined the comparative safety of onabotulinumtoxin A versus divalproex
sodium and found a higher risk of ptosis with onabotulinumtoxin A (Appendix Table D147).'%
In contrast, risk of fatigue, nausea, and total adverse effects was higher with divalproex
(Appendix Table D147).

A single RCT examined the comparative safety of onabotulinumtoxin A versus amitriptyline
and concluded better safety with onabotulinumtoxin A (Appendix Table D148).'* Patients
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experienced dry mouth, constipation, somnolence, and weight gain several times more often with
amitriptyline than with onabotulinumtoxin A.*®

Topiramate

Treatment discontinuation due to adverse effects did not differ between topiramate and
amitriptyline in adults with episodic migraine (Table 22).'®%%*" Comparative safety of topiramate
with other drugs was examined in individual RCTs. Treatment discontinuation due to any
adverse effects did not differ between topiramate and zonasamide or valproate (Table 29).
Treatment discontinuation due to specific adverse effects differed with topiramate and other
drugs according to individual RCTs (Appendix Table D149). Somnolence or weight increase
leading to withdrawal was less common with topiramate than amitriptyline (Table 29).'8%
Treatment discontinuation to treatment failure, however, did not differ between topiramate and
amitriptyline or lamotrigine (Appendix Table D150).

Risk of specific adverse effects differed between topiramate and other drugs in individual
RCTs in adults with episodic migraine (Appendix Table D151). Topiramate increased risk of
weight loss when compared with amitriptyline,*®® levetiracetam,'*? and valproate®*® (Appendix
Table D151). Topiramate increased risk of paresthesia when compared with amitriptyline'®*¥/
(Appendix Table D151). Risk of dry mouth and constipation was lower with topiramate than
amitriptyline (Appendix Table D152)."%%#* Individual RCTs demonstrated higher risk of
headache with topiramate than amitriptyline (Appendix Table D153).

Comparative safety of topiramate combined with amitriptyline versus monotherapy was
examined in one small RCT.**" Treatment discontinuation due to adverse effects did not differ
between topiramate combined with amitriptyline and monotherapy.?*” The risk of adverse effects
was lower with combined therapy when compared with amitriptyline alone but not topiramate
alone (Appendix Table D154).%*

Beta Blockers for Episodic Migraine

Propranolol

Treatment discontinuation due to bothersome adverse effects did not differ between
propranolol and aspirin (Table 28).2*° Evidence of comparative safety with propranolol
ergotamine intake was insufficient due to high risk of bias in individual RCT (Appendix Table
D155).

Treatment discontinuation due to adverse effects did not differ between behavioral migraine
management and propranolol (Appendix Table D156).?" Treatment discontinuation due to
bothersome adverse effects did not differ between combined behavioral migraine management
with propranolol versus propranolol alone.?!” Combined therapy was more effective than
proprar;%!ol alone in having self-efficacy and internal control over headache (Appendix Table
D157).
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Off-Label Drugs for Episodic Migraine
Off-Label Beta Blockers

Metoprolol Versus Clonidine
Metoprolol resulted in treatment discontinuation due to bothersome adverse effects or
treatment failure less often than clonidine (Table 30 and Appendix Table D158).2%

Metoprolol Versus Bisoprolol

Treatment discontinuation due to adverse effects did not differ between the two drugs (Table
30 and Appendix Table D158)?* nor did rates of individual examined adverse effects differ
between the drugs (Appendix Table D159).

Metoprolol Versus Nebivolol

Treatment discontinuation due to adverse effects did not differ between the two drugs (Table
30).%% Patients experienced moderate adverse effects, fatigue, and bradycarida more often with
metoprolol than with nebivolol (Appendix Table D159).2%

Metoprolol Versus Aspirin

Gastrointestinal side effects leading to withdrawal were more common with aspirin than
metoprolol (Table 30 and Appendix Table D158).2%> However, autonomic nervous system and
psychi%gic disorders were more common with metoprolol than aspirin (Appendix Table
D159).

Metoprolol Versus Clomipramine

Treatment discontinuation because of severe adverse reactions was more common with
clomipramine than metoprolol (Table 30).*° Clomipramine caused insomnia and sweating more
often than metoprolol (Appendix Table D159).%°

Antidepressants

Clomipramine Versus Metoprolol
Clomipramine resulted in treatment discontinuation due to bothersome adverse effects more
often than metoprolol (Table 30).2*°

Femoxetine Versus Propranolol
Treatment discontinuation due to bothersome adverse effects did not differ between
femoxetine and propranolol.?®*

Amitriptyline Versus Spinal Manipulation

Treatment discontinuation due to adverse effects occurred less with spinal stimulation than
with amitriptyline (Table 31).2*> Strength of evidence was low due to risk of bias and imprecise
estimate (Appendix Table D160).2*

Treatment discontinuation due to adverse effects did not differ between combined treatment
using spinal manipulation with amitriptyline and amitriptyline alone (Appendix Table D161).*°
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Ergot Alkaloids
A single RCT of 253 adults (low-strength evidence) found that treatment discontinuation due
to adverse effects was less common with lisuride than with methysergide.?*?

Indirect Evidence of Comparative Safety of Drugs for Episodic
Migraine Prevention in Adults

Bothersome adverse effects leading to treatment discontinuation were examined in 68 RCTSs.
Indirect adjusted analyses demonstrated no differences in treatment discontinuation due to
adverse effects with approved drugs or approved versus off-label drugs (Appendix Table D162).
Exploratory Bayesian network meta-analyses demonstrated that topiramate, off-label
antiepileptics, and antidepressants resulted in bothersome adverse effects leading to treatment
discontinuation more often than placebo (Figure 4). According to network meta-analysis, off-
label angiotensin inhibiting drugs and beta blockers were the safest treatment option for adults
with episodic migraine (Appendix Table D163)

KQ2c. How might approaches to drug management (such as patient-care
teams, integrated care, coordinated care, patient education, drug
surveillance, or interactive drug monitoring) influence results?

We found no studies that examined adverse effects with different approaches to drug
management (such as patient-care teams, integrated care, coordinated care, patient education,
drug surveillance, or interactive drug monitoring).
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Table 22. Treatment discontinuation due to adverse effects with migraine preventive drugs in adults, evidence from meta-analyzed
randomized controlled clinical trials

Rate, Absolute Number Attributable Strength of Evidence
Active Preventive | Percent With Relative Risk isk Diff Needed To Events per 1,000 9 f .
Treatment Sample Drug (95% CI) Ris ngo ecl:'ence Treat Treated Reasonssc())r Lowering
[Control] (95% Cl) (95% CI) (95% CI) E
Compared With Placeb
Chronic Migraine
Onabotulinumtoxin 1384 3.8 3.2 0.03 38 26 Moderate
AL [1.1] (1.4t07.1) (0.01 to 0.04) (23 to 100) (10 to 43) (medium ROB)
Episodic Migraine
Topiramate® %% 0.06 Low
e 2055 16.6 [8.5] 1.8 (1.3t0 2.4) (0.02 10 0.11) 16(9 to 53) 63(19 to 107) (medium ROB, Imprecise)
Low
Divalproexi%+192 346 0878 | 12(05027) | o o2 10) NS NS (medium ROB, Imprecise ,
) ) Inconsistent)
120,153 0.01 Low
Valproate 150 6.7 [5.3] 1.3 (0.3t0 4.9) (:0.07 10 0.08) NS NS (medium ROB, Imprecise)
0.06 Low
Propranolo|*%2%® 221 13.2 [5.6] 2.1(0.6t07.7) (0.00 t0 0 12) 16 (8 to 333) 62 (3 to 120) (medium ROB, Imprecise,
) ) Inconsistent)
;87,110,111 0.07 Low
Gabapentin 270 17.0 [7.7] 1.9(09t04.2) (-0.01 to 0.15) NS NS (medium ROB, Imprecise)
i 299,240 0.14 Low
Lamotrigine 178 12.8 [6.0] 2.4(0.5t012.2) (-0.17 t0 0.44) NS NS (Imprecise , Inconsistent)
o . 125253 0.05 Low
Amitriptyline 507 11.2 [5.8] 1.9 (1.0to 3.5) (0.01 to 0.10) 19 (10 to 167) 54 (6 to 102) (medium ROB, Imprecise)
. 167,168 0.05 Low
Femoxetine 124 11.7 [6.3] 1.9 (0.6 to 6.1) (:0.05 10 0.15) NS NS (medium ROB, Imprecise)
s 177,254 0.02 Low
Clonidine 334 2.4[0.6] 2.8 (0.4 to 18.5) (:0.01 10 0.05) NS NS (medium ROB, Imprecise)
0.03 Low
Nimodipine'22# 155 3.9[6.3] 0.7 (0.2 t0 2.6) (:0.00 0.0 2 NS NS (medium ROB, Imprecise ,
) ) Inconsistent)
0.02 Low
Naproxen?46.2%® 172 3.5[1.2] 2.3(0.3t0 15.4) (:0.03 00 07) NS NS (High ROB, Imprecise ,
) ) Inconsistent)
Magnesium?5116 150 7.7[1.4] | 3.8 (0.7t022.4) 0.06 NS NS Low

(0.00 t0 0.13)

(Inconsistent Imprecise)
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Table 22. Treatment discontinuation due to adverse effects with migraine preventive drugs in adults, evidence from meta-analyzed
randomized controlled clinical trials (continued)

Rate, Absolute Number Attributable Strength of Evidence

Active Preventive Percent With | Relative Risk . . Needed To Events per 1,000 g :
Sample Risk Difference Reasons for Lowering

Treatment Drug (95% CI) (95% CI) Treat Treated SOE
[Control] (95% CI) (95% CI)
Compared With Active Treatment, Episodic Migraine
Topiramate vs. -0.04 Low (medium ROB,
amitriptyline'®®2¥ 399 18.3[21.3] 09(06101.3) (-0.11 to 0.04) NS NS imprecision)

CI = confidence interval; ROB = risk of bias; SOE = strength of evidence; NS = not significant
Number needed to treat and number of attributable events were calculated for statistically significant differences.

Table 23. Adverse effect with onabotulinumtoxin A versus placebo for chronic migraine prevention in adults (magnitude of the effect
and strength of evidence from randomized controlled clinical trials)

Samole Rate, Percent With Number Needed Attributable Events Strenath of
Adverse Effect Refere%cés Onabotulinumtoxin To Treat per 1,000 Treated Evidgnce
A [Placebo] (95% ClI) (95% ClI)

Any adverse effect 5031 °+137.198.142,144,219.251.256.257 47.5[29.4] 6 (5to 11) 155 (90 to 220) Moderate
Back pain 111293138257 2.2 [0.5] 59 (32 to 333) 17 (3 to 31) High
géf/‘éfgé'ggfaetc'?”s related to 1384197251 3.8[1.1] 38 (23 to 100) 26 (10 to 43) Moderate
Dizziness 893% 4139257 1.7[0.9] NS NS Moderate
Dysphagia 1057%41%¢ 3.3[0.3] 36 (23 to 83) 28 (12 to 44) High
Eyelid edema 91559219257 3.6 [0.3] NS NS High
Headache 2204°*138.139.219.256,257 5.2 [4.5] NS NS High
Hypertonia 1426°4138.257 7.1[1.3] 16 (12 to 24) 62 (42 to 82) High
Neck pain 2233%+139.551.257 14.1 [1.4] 9 (610 17) 111 (58 to 164) Moderate
Neck rigidity 146734138257 9.2 [1.8] 13 (9 to 24) 75 (41 to 110) Moderate
Pain 2319%94 138139257 3.6 [2.1] NS NS Moderate
Blepharoptosis 24549%94.138135,143, 219,256,257 6.4 [0.8] 20 (14 to 34) 49 (29 to 69) High
Muscle weakness 1968413825126 15.8[0.1] 8 (5 to 18) 132 (56 to 209) Moderate
Fever 587%1%9219 5.3[7.1] NS NS Moderate

CI = confidence interval; NS = not significant
Bold = Differences were significant when 95% CI of attributable events per 1,000 treated do not include 0.
Number needed to treat and number of attributable events were calculated for statistically significant differences.
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Table 24. Adverse effects with onabotulinumtoxin A versus placebo in adults with chronic migraine, meta-regression by study level
factors (log of relative risk in randomized controlled clinical trials)

Cor|1:tr|but|ng Adverse Effect Contributing Variable Meta—Regr_esslon Lower 95% CI Upper 95% ClI
actor Coefficient

Drug Blepharoptosis Dose 0.00 -0.01 0.01
Patient Blepharoptosis Age 0.22 -0.30 0.74
Patient Blepharoptosis Years of migraine -0.05 -0.11 0.01
Study Blepharoptosis Percent of women -0.02 -0.15 0.11
Study Blepharoptosis Control rate 0.99 -102.24 104.22
Study Blepharoptosis Loss of followup -0.04 -0.10 0.03
Study Blepharoptosis Risk of bias -0.56 -1.79 0.67
Drug Adverse effects Dose 0.00 0.00 0.01
Patient Adverse effects Age 0.04 -0.12 0.20
Patient Adverse effects Years of migraine -0.05 -0.11 0.01
Study Adverse effects Percent of women -0.02 -0.15 0.11
Study Adverse effects Control rate -1.92 -2.46 -1.37
Study Adverse effects Loss of followup 0.02 0.00 0.04
Study Adverse effects Risk of bias 0.06 -0.34 0.47
Drug Headache Dose 0.00 0.00 0.01
Patient Headache Age 0.25 -0.16 0.67
Patient Headache Years of migraine 0.01 -0.10 0.11
Study Headache Percent of women -0.08 -0.25 0.08
Study Headache Control rate 8.52 -34.54 51.59
Study Headache Loss of followup 0.01 -0.03 0.06
Study Headache Risk of bias -0.11 -1.24 1.02

CI = confidence interval|

Bold = significant differences at 95% confidence limit when 95% CI do not include 0.
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Table 25. Treatment discontinuation due to adverse effects with topiramate versus placebo in adults, pooled with random effects results
from randomized controlled clinical trials

Reason for Treatment R . . Pooled Relative Pooled Absolute Number Attributable
Discontinuation Sample ate with Topiramate Risk Risk Difference Needed To Events per
References [Placebo] (95% Cl) (95% CI) Treat To Harm 1,000 Treated
(95% CI) (95% CI)
Coghnitive difficulties®”*>>* 939 7.3[2.0] 2.8 (0.5 to 15.3) 0.05 (-0.02 to 0.12) NS NS
Difficulty with memory®="?> 765 1.7 [1.1] 1.2 (0.1t0 16.3) 0.01 (-0.01 to 0.03) NS NS
Dizziness?"?> 824 1.9 [2.0] 0.7 (0.1t0 5.1) -0.02 (-0.11 to 0.07) NS NS
Fatigue?” 122 824 4.5[0.9] 2.8 (0.4 to 21.2) 0.04 (0.01 to 0.06) 28 (17 to 71) 36 (14 to 58)
Insomnia®"*> 824 3.1[1.2] 1.3(0.1t0 15.1) 0.01 (-0.04 to 0.06) NS NS
Language problems®"?%2 766 2.2]0.4] 3.7 (0.7 t0 20.3) 0.02 (0.00 to 0.03) NS 15 (0 to 31)
Paresthesia’”***> 939 8.4[0.7] 9.6 (3.5 to 26.5) 0.08 (0.05 to 0.10) 13 (10 to 20) 75 (49 to 101)
Somnolence®™*’ 831 2.1[1.8] 1.1 (0.4t03.2) 0.00 (-0.02 to 0.02) NS NS
Taste perversion*®%"%2 881 1.5[0.0] 3.8 (0.7 to 21.4) 0.01 (0.00 to 0.02) | 77 (42 to 1000) 13 (1 to 24)

ClI = confidence interval; NS = not significant
Bold = significant differences when 95% CI of absolute risk difference do not include 0.
Number needed to treat and number of attributable events were calculated for statistically significant differences.
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Table 26. Adverse effects with topiramate in adults with migraine, significant results from pooled analysis of randomized controlled

clinical trials

Number Needed

Rate With Relative Risk Absolute Risk To Treat To Attributable Events
Outcome, Reference Sample Topiramate (95% CI) Difference Harm per 1,000 Treated

[Placebo] (95% CI) (95% CI) (95% CI)
Adverse events® 100146148237 1700 59.9 [56.1] 1.2 (1.0 to 1.3) 0.12 (0.02 to 0.22) 8 (4 to 42) 124 (24 to 223)
Paresthesig® % %-%8-100.146.198,237.252 1876 24.0 [5.5] 4.7(3.4t0 6.3) 0.24 (0.14 to 0.33) 4(3to7) 235 (142 to 328)
Weight decrease®%%149.257.22 1648 12.3 [4.4] 3.6 (1.5 to 8.3) 0.10 (0.05 to 0.15) 10 (6 to 19) 104 (53 to 154)
Cognitive difficulties®100105146.149.23752 1782 8[3] 2.2 (1.1to 4.4) 0.045 (0.01 to 0.08) 22(13 to 100) 45 (10 to 80)
Diarrhea*® 10237 1170 9.8 [3.6] 2.7 (1510 4.7) 0.06 (0.01 to 0.10) 18 (10 to 71) 57 (14 to 100)
Dry mouth® #8257 1429 6.1[2.7] 2.5 (1.4 to 4.3) 0.04 (0.01 to 0.06) 29 (18to 71) 35 (14 to 57)
Fatigue'®®’ 1857 9.6 [4.6] 1.7 (1.3t0 2.3) 0.05 (0.03 to 0.08) 20 (13 to 38) 50 (26 to 75)
Hyperesthesia® 127 1756 7.4[1.6] 3.5 (1.8 10 6.5) 0.06 (0.03 to 0.08) 18 (13 to 30) 57 (33 to 80)
Insomnig®* 1% 130252 878 412] 1.6 (0.5 t0 4.7) 0.02 (0.001 to 0.04) NS 21 (1 to 42)
Memory impairment®>86:100:105.150.257,252 1436 10.4 [3.9] 2.4 (1.2 to 4.6) 0.058 (0.017 to 0.099) 17 (10 to 59) 58 (17 to 99)
Nausea®>10>146.148.14.237 2156 11[6] 1.5 (1.1to 2.0) 0.034 (0.003 to 0.065) 29 (15 to 333) 34 (3 to 65)
Taste perversion® ®%105148.237.252 1634 5.9 [1.3] 4.9 (2.5 t0 9.8) 0.083 (0.025 to 0.14) 12 (7 to 40) 83 (25 to 140)
Abdominal pain**®%’ 1229 2.0 [2.3] 0.9 (0.4 t0 2.0) 0.00 (-0.02 to 0.02) NS NS
Anorexig®>9>%9100.146. 148,149, 237,252 2424 5.6 [3.3] 1.8 (1.2102.7) 0.03 (0.00 to 0.05) NS NS
Back pain**®%’ 1100 4.6 [5.1] 0.9 (0.510 1.6) 0.00 (-0.03 to 0.02) NS NS
Giddiness® 100146 148,237,252 1871 10.1[7.8] 1.2 (0.81t0 1.7) 0.01 (-0.02 to 0.04) NS NS
Dyspepsia'®*’ 1018 1.5 [1.1] 1.3 (0.4 to 3.8) 0.01 (-0.03 to 0.05) NS NS
Infection, viral"® 444 8.2 [8.0] 1.0 (0.6 t0 1.9) 0.00 (-0.05 to 0.05) NS NS
Injury®*148.257 1672 5.0 [6.1] 0.8 (0.2 t0 3.2) -0.01 (-0.07 to 0.04) NS NS
Adverse events: Serious®* 842 7.9 [6.6] 1.1 (0.6 t0 2.1) 0.01 (-0.05 to 0.06) NS NS
Sinusitis™** 827 1429 7.4[6.4] 1.1(0.7t01.7) 0.01 (-0.02 to 0.03) NS NS
Sleepiness ™ %6.9.100.148,237,252 1893 4.4 [3.4] 1.5 (0.8 t0 3.0) 0.02 (-0.01 to 0.04) NS NS
Language problems™"*7%2 657 3.6 [0.5] 4.8 (1.1 to 20.5) 0.09 (-0.03 to 0.21) NS NS
Upper respiratory tract infection®™ 19257 1641 8.7 [9.0] 1.0 (0.7 to 1.4) 0.00 (-0.03 to 0.03) NS NS
Vision, abnormal®™*’ 756 7.7[2.2] 3.3(1.4107.8) 0.07 (-0.01 to 0.15) NS NS

ClI = confidence interval; NS = not significant

Number needed to treat and number of attributable events were calculated for statistically significant differences.
Bold = significant differences when 95% CI of absolute risk difference do not include 0.
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Table 27. Treatment discontinuation due to bothersome adverse effects and adverse effects with divalproex versus placebo for episodic

migraine prevention in adults, results from randomized controlled clinical trials

Rate, Percent With N’;‘g(;netée.lr_o ggﬁ{’;ﬂf Strength
Outcome Daily Dose Reference Sample Divalproex Treat 1.000 Treated of
[Placebo] rea ’ Evidence
(95% CI) (95% CI)

i'?]';‘l’gr“;'nnciat'o“s dUe 0 | \toan average dose 1087 mg/d | Mathew, 19951 107 12.9 [5.4] NS NS

E]'tf)?gg'r]ncljeatlons dueto | \iean average dose 871 mg/d Freitag, 2002%2 239 8.1[8.6] NS NS

i'?]'ti?grr‘at'r]”ciat"’”s dueto | pogled 346 9.8[7.8] NS NS Low
Abdominal pain Mean average dose 871 mg/d Freitag, 2002™% 239 6.5 [5.2] NS NS Low
Alopecia Mean average dose 1087 mg/d | Mathew, 1995™ 107 12.9 [0.0] 8 (5t0 24) | 129 (41 to 216) Low
Any Mean average dose 871 mg/d Freitag, 20021% 239 67.5 [69.8] NS NS Low
Asthenia Mean average dose 1087 mg/d | Mathew, 1995™ 107 31.4[8.1] 4 (3to 11) | 233 (93to 373) Low
Asthenia 500 mg Klapper, 1997™% 60 8.9 [9.1] NS NS Low
Asthenia 1000 mg Klapper, 1997 57 9.3[9.1] NS NS Low
Asthenia 1500 mg Klapper, 1997™% 58 22.7[9.3] NS NS Low
Asthenia Mean average dose 871 mg/d Freitag, 2002™" 239 7.3[10.3] NS NS Low
Back pain 500 mg Klapper, 1997™% 60 6.7 [9.1] NS NS Low
Back pain 1000 mg Klapper, 1997'% 57 4.7[9.1] NS NS Low
Back pain 1500 mg Klapper, 1997™% 58 13.6 [9.3] NS NS Low
Diarrhea 500 mg Klapper, 1997™® 60 6.7 [4.5] NS NS Low
Diarrhea 1000 mg Klapper, 1997™% 58 4.7 [4.5] NS NS Low
Diarrhea 1500 mg Klapper, 1997 59 18.2 [4.6] NS NS Low
Diarrhea Mean average dose 871 mg/d Freitag, 2002'% 239 7.3 [3.4] NS NS Low
Dizziness 500 mg Klapper, 1997™% 60 6.7 [4.5] NS NS Low
Dizziness 1000 mg Klapper, 1997™ 58 7.0 [4.5] NS NS Low
Dizziness 1500 mg Klapper, 1997™% 59 20.5 [4.6] NS NS Low
Dyspepsia 500 mg Klapper, 1997™% 60 6.7 [9.1] NS NS Low
Dyspepsia 1000 mg Klapper, 1997™® 57 18.6 [9.1] NS NS Low
Dyspepsia 1500 mg Klapper, 1997™ 58 15.9[9.3] NS NS Low
Dyspepsia g"ff”mgyderage dose of study: Freitag, 2002'% 239 6.5 [4.3] NS NS Low
Flu syndrome g"fl""z]g)’grage dose of study: Freitag, 20021%2 239 8.1[8.6] NS NS Low
Infection 500 mg Klapper, 1997™% 60 17.8[18.2] NS NS Low
Infection 1000 mg Klapper, 1997™ 58 16.3 [18.2] NS NS Low
Infection 1500 mg Klapper, 1997™® 59 20.5 [18.6] NS NS Low
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Table 27. Treatment discontinuation due to bothersome adverse effects and adverse effects with divalproex versus placebo for episodic
migraine prevention in adults, results from randomized controlled clinical trials (continued)

Number Attributable
Rate, Percent Needed To Events per Strength
Outcome Daily Dose Reference Sample | With Divalproex P of
[Placebo] Treat 1,000 Treated Evidence
(95% CI) (95% CI)
Infection g"fl""z]g)’grage dose of study: Freitag, 200212 239 14.6 [13.8] NS NS Low
Mean average dose of
Nausea divalproex sodium was 1087 | Mathew, 1995 107 45.7 [13.5] 3 (210 6) 322 (162 to 482) Low
mg/d
Nausea 500 mg Klapper, 1997 60 26.7 [6.8] 5 (3 to 52) 200 (19 to 381) Low
Nausea 1000 mg Klapper, 1997™% 57 9.3 [6.8] NS NS Low
Nausea 1500 mg Klapper, 1997 59 34.1[7.0] 4 (2to 12) 274 (86 to 463) Low
Nausea g"fl""z]g)’grage dose of study: Freitag, 200212 239 14.6 [8.6] NS NS Low
Pain 500 mg Klapper, 1997™% 60 8.9 [6.8] NS NS Low
Pain 1000 mg Klapper, 1997™% 57 7.0 [6.8] NS NS Low
Pain 1500 mg Klapper, 1997™ 59 11.4[7.0] NS NS Low
Sinusitis g"ff”mg)’frage dose of study: | preitag, 20021 | 239 3.3[7.8] NS NS Low
Somnolence Mean average dose 1087 mg/d | Mathew, 1995™ 107 30.0 [5.4] 4 (3t09) 246 (116 to 376) Low
Somnolence 500 mg Klapper, 1997™® 60 6.7 [4.5] NS NS Low
Somnolence 1000 mg Klapper, 1997™% 58 7.0 [4.5] NS NS Low
Somnolence 1500 mg Klapper, 19977 59 18.2 [4.6] NS NS Low
Somnolence g"fl""z]g)’grage dose of study: Freitag, 200212 239 6.5[1.7] NS NS Low
Tremor Mean average dose 1087 mg/d | Mathew, 1995™ 107 12.9 [0.0] 8 (5 to 24) 129 (41 to 216) Low
Tremor 500 mg Klapper, 1997 60 0.0 [0.0] NS NS Low
Tremor 1000 mg Klapper, 1997™%® 57 7.0[0.0] NS NS Low
Tremor 1500 mg Mathew, 1995 59 15.9 [0.0] 6 (3 t0 48) 159 (21 to 297) Low
Vomiting Mean average dose 1087 mg/d | Mathew, 1995™ 107 18.6 [0.0] 5 (4 to 11) 186 (88 to 284) Low
Vomiting 500 mg Klapper, 1997™% 60 4.4[2.3] NS NS Low
Vomiting 1000 mg Klapper, 1997™% 57 4.7 [2.3] NS NS Low
Vomiting 1500 mg Klapper, 1997™® 58 11.4 [2.3] NS NS Low
Vomiting g"ff”mg)’;rage dose of study: Freitag, 2002'% 239 6.5[1.7] NS NS Low

ClI = confidence interval; NS = not significant

Bold = significant difference at 95% confidence limit when 95% CI of attributable events per 1,000 treated do not include 0.

Number needed to treat and number of attributable events were calculated for statistically significant differences.

72




Table 28. Treatment discontinuation due to adverse effects with propranolol or timolol for episodic migraine prevention in adults,
results from randomized controlled clinical trials

Active
Treatment

Control
Treatment

Reference

Sample

Rate With
Active
Treatment,
Percent

Rate With
Control
Treatment,
Percent

Number
Needed To
Treat
(95% CI)

Attributable
Events
(95% ClI)

Strength
of
Evidence

Treatment
discontinuation
due to adverse
effects

Propranolol

Aspirin

Baldrati, 1983%*°

36

111

16.7

NS

NS

Low

Moderate chest
pain on day 28
leading to

discontinuation

Timolol

Placebo

Stellar, 1984%°

94

2.1

NS

NS

Low

Discontinued
therapy
because of
severe
epigastric
distress and
fecal impaction

Timolol

Placebo

Stellar, 1984'%

94

2.1

NS

NS

Low

Withdrew due to
adverse
experiences

Timolol

Placebo

Stellar, 1984%°

94

4.3

NS

NS

Low

Cl = Confidence interval; NS = not significant
Bold = significant at 95% confidence limit when 95% CI of attributable events per 1,000 treated do not include 0.
Number needed to treat and number of attributable events were calculated for statistically significant differences.
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Table 29. Treatment discontinuation due to any adverse effects with topiramate versus other drugs for episodic migraine prevention in

adults
Rate, Percent Number Attributable Strenath
Adverse Effects Leading to Active Control Reference Sample With Needed To Events per ofg
Withdrawal p Topiramate Treat 1,000 Treated Evidence
[Control Drug] (95% CI) (95% CI)
ﬁ\)gv%li’ta;\\:jargc\j\?ar)f migraine leading Topiramate | Amitriptyline Dodick, 2009*%° 347 0.0 [1.8] NS NS Low
Anxiety leading to withdrawal Topiramate | Amitriptyline Dodick, 2009 347 1.7 [0.0] NS NS Low
Confusion leading to withdrawal | Topiramate | Amitriptyline Dodick, 2009 347 1.7 [0.0] NS NS Low
Dizziness leading to withdrawal | Topiramate | Amitriptyline Dodick, 2009 347 1.7 [0.0] NS NS Low
Dry mouth leading to withdrawal | Topiramate | Amitriptyline Dodick, 2009 347 0.0 [1.8] NS NS Low
Fatigue leading to withdrawal Topiramate | Amitriptyline Dodick, 2009**° 347 3.4[2.4] NS NS Low
xﬁﬁgfas\}\/ha?s'a leading to Topiramate | Amitriptyline Dodick, 2009*%° 347 1.7 [0.0] Low
Somnolence leading to . . . . 189 -24 -41
withdrawal Topiramate | Amitriptyline Dodick, 2009 347 0.0[4.1] (14 to 104) (10 to 73) Low
Weight increase leading to . . . . 189 -21 -47
withdrawal Topiramate | Amitriptyline Dodick, 2009 347 0.0 [4.7] (12 to 73) (14 to 81) Low
Withdrew due to drowsiness Topiramate X:I“egs :)te (slow- ggggs‘a?l‘ 44 9.1[13.6] NS NS Low
Left the study due to impaired . . Mohammadiani
concentration Topiramate Zonasamide nejad, 201119 80 0.0 [2.5] NS NS Low
Left the study due to intolerable . . Mohammadiani
paresthesia Topiramate Zonasamide nejad, 20111%° 80 5.0 [0.0] NS NS Low
Left the study due to unbearable . . Mohammadiani
restless leg syndrome Topiramate Zonasamide nejad, 20111 80 0.0[2.5] NS NS Low
eDflfsecCct)gtlnued due to adverse '{gglr:]agmate ?(r)rg:rr]lgtylme Dodick, 2009 347 19.7 [22.5] NS NS Low
Topiramate
Discontinued due to adverse + o Keskinbora,
effects Amitriptyline Amitriptyline 200827 51 4.3 [14.3] NS NS Low
amitriptyline

Discontinued due to adverse Topiramate Amitriptyline Keskinbora,
effects 200mg 150mg 20082 52 8.3[14.3] NS NS Low
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Table 29. Treatment discontinuation due to any adverse effects with topiramate versus other drugs for episodic migraine prevention in

adults (continued)

Rate, Percent Number Attributable Strenath
Adverse Effects Leading to Active Control Reference Sample With Needed To Events per ofg
Withdrawal p Topiramate Treat 1,000 Treated Evidence
[Control Drug] (95% CI) (95% CI)
Discontinued due to adverse Topiramate Topiramate + Keskinbora,
effects 200mg) Amitriptyline 2008% 47 8.3[4.3] NS NS Low
Discontinued due to adverse Topiramate Lamotrigine 99
effects 25mg BD 25mg BD Gupta, 2007 120 5.0 [5.0] NS NS Low
Discontinued due to adverse Topiramate Levetiracetam de Tommaso,
effects 100mg BD 1000mg BD 2007** 28 7.710.0] NS NS Low

ClI = confidence interval; NS = not significant
Bold = significant at 95% confidence limit when 95% CI of attributable events per 1,000 treated do not include 0.
Number needed to treat and number of attributable events were calculated for statistically significant differences.

Table 30. Comparative safety of beta blockers for episodic migraine prevention in adults, treatment discontinuation due to bothersome
adverse effects in randomized controlled clinical trials

Rate of Outcome Number
in Active Group Needed To Attributable Strength
Definition of the R . [Rate of Treat To Events per 1,000
eference Active Drug Control Drug | Sample . of
Outcome Outcome in Harm One Treated Evidence
Control Group], Patient (95% CI)
Percent (95% CI)
Withdrew because of Louis
side effects and/or lack 1985267 Metoprolol Clonidine 62 0.0 [12.9] -8 (4 to 870) -129 (1 to 257) Low
of efficacy
eDf'fséCCct’;‘“”“ed duetoside- | \yor; 19912 | Metoprolol Bisoprolol 156 6.4 [10.3] NS NS Low
E\?élr?tr;t withdrawal due to ggggl!)%‘”berg' Metoprolol Nebivolol 30 7.[6.3] NS NS Low
V'?/irt?]‘g’fg\l\‘fasls leading to féggezf};'eyer' Metoprolol Aspirin 56 7.1[0.0] NS NS Low
Gastrointestinal side- Grotemever
effects leading to 1990%%2 yer, Metoprolol Aspirin 56 0.0[17.9] -6 (3to 35) -179 (28 to 329) Low
withdrawal
Discontinued treatment Langohr
because of severe 1985250 ' Clomipramine Metoprolol 126 28.6 [0.0] 3 (3to 6) 286 (173 to 399) Low
adverse reactions

CI = confidence interval; NS = not significant

Bold = significant differences at 95% confidence limit when 95% CI of attributable events per 1,000 treated do not include 0.

Number needed to treat and number of attributable events were calculated for statistically significant differences.
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Table 31. Treatment adherence and discontinuation due to adverse effects with antidepressant amitriptyline and spinal manipulation for
migraine prevention in adults, individual medium risk of bias randomized controlled clinical trial*®

Rate With .
Definition of the Active Control Active, Percent Number Needed Attributable Strength of
Outcome Treatment Treatment Sample [Control] To Treat Events per 1,000 Evidence
(95% ClI) Treated (95% ClI)
Treatments
Withdrawn due Spinal Amitriptyline
to side-effects Manipulation 100mg/day 147 0.0[10.0] -10(-3810-6) | -100 (-174 to -26) Low
Spinal
Withdrawn due to | Manipulation + Amitriptyline
side effects Amitriptyline 100 mg/days 141 5.6[10.0] NS NS Low
100 mg/day
Spinal
Withdrawn due to | Spinal Manipulation +
side effects Manipulation Amitriptyline 148 0.0[5.6] NS NS Low
100 mg/day

ClI = confidence interval; NS = not significant
Bold = significant differences at 95% confidence limit when 95% CI of attributable events per 1,000 treated do not include O.

Number needed to treat and number of attributable events were calculated for statistically significant differences.
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Figure 4. Bayesian network meta-analysis of treatment discontinuation due to intolerable adverse
effects with drugs versus placebo (47 RCTs of 3,054 adults) in randomized controlled clinical trials
that aimed episodic migraine prevention in adults

Median Bayesian
Active drug (RCTs in network meta-analysis/ 0dds ratio (2.5%: 97.5 Crl)

subjects in the analyses)

Approved
Topiramate (11/1,266)
Divalproex (6/363)
Propranolol (11/662)
Timolol (1/47)

Off label

Antiepileptic (9/435)
Beta-blockers (8/427)
Antidepressants (10/646)
Ca"" blockers (5/134)
Ergot alkaloids (6/283)
NSAID (3/124)
Clonidine (3/198)

2.41(1.52,4.07)
1.85 (0.84, 4.74)
1.21 (0.57, 2.54)

2.47 (0.15,42.54)

2.73 (1.38, 5.47)
0.30 (0.07, 0.83)
2.29 (1.28, 4.15)
2.11 (0.68, 5.98)
1.42 (0.55,3.27)
1.57 (0.33,7.12)
1.91 (0.48, 9.86)

T T
.05 Favors active drug 1 Favors Placebo 45

Crl = credible intervals; NSAID = nonsteroidal anti-inflammatory drugs
Note: We used heterogeneous random effects model that assumes correlation within study (rho = 0.5) and heterogeneous between
studies (WinBUG codes are in the Appendix B). RCTs of angiotensin inhibiting drugs do not report intolerable adverse effects.

Key Question 3. Which patient characteristics predict the effectiveness and
safety of pharmacologic treatments for preventing migraine attacks in
adults?

Muscle Relaxants

Onabotulinumtoxin A for Chronic Migraine

Placebo Responders

Four RCTs examined the efficacy of onabotulinumtoxin A among placebo responders versus
nonresponders.®*#"?*° Onabotulinumtoxin A was better than placebo in preventing migraine
attacks/month by >50 percent, regardless of placebo response, according to the BOTULINUM
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TOXIN CDH Study Group.®* Magnitude of the effect was slightly larger in placebo
nonresponders (RR 2.2, 95% ClI, 1.4 to 3.4) than in placebo responders (RR 1.6, 95% ClI, 1.1 to
2.4).%* The European BoNTA Headache Study Group demonstrated no additional benefits from
increasing onabotulinumtoxin A dose, regardless of placebo response.?*® The number of
migraine days did not differ by dose of onabotulinumtoxin A (75, 15, or 225U).%°

Baseline Migraine Frequency

Onabotulinumtoxin A was more effective in patients with a higher mean baseline migraine
frequency in a single RCT from the BOTULINUM TOXIN North American Episodic Migraine
Study Group.?’ Onabotulinumtoxin A decreased the likelihood of use of drugs for acute attacks
in patiz?pts with more than 12 migraine days per month at baseline (RR 0.78, 95% CI, 0.66 to
0.92).

Concurrent Prophylactic Medication Use

Onabotulinumtoxin A caused adverse effects more often than placebo (blepharoptosis,
muscle weakness, and neck pain, regardless of concurrent prophylactic medication use)
according to the BOTULINUM TOXIN CDH Study Group.?*®

Antiepileptics for Episodic Migraine
Topiramate

Presence of Aura

No trials directly compared drug effects in patients with and without aura. Several post hoc
subgroup analysis of topiramate versus placebo trials provided conflicting evidence of the drug
efficacy in respect to aura. Two publications suggested that topiramate was better than placebo in
patients with aura. Post hoc subgroup analysis of one RCT found a statistically significant
reduction in migraine frequency with topiramate versus placebo (-2.43 vs. -0.79 respectively, p
value=0.02) only in subjects with aura.®> Post hoc subgroup analysis of the other RCTs found
that in patients with aura, topiramate was better than placebo in reducing migraine frequency,
number of migraine days, severity and duration of attacks, and photophobia.”® In contrast,
however, post hoc analysis of the Prolonged Migraine Prevention found that topiramate efficacy
was similar in patients with and without aura.?®*

Beta Blockers for Episodic Migraine

Propranolol

Prior Medication Use

Subgroup analysis in chronic migraine patients by prior topiramate use or overuse of the
drugs for acute migraine was conducted in a single RCT.*®" This study examined adding
propranolol to topiramate treatment for chronic migraine subjects for whom topiramate
monotherapy had failed.'®” Propranolol with topiramate was no better than topiramate alone in
reducing migraine frequency, regardless of patients’ prior drug histories.'®” Quality of life score
changes from baseline difference depend on prior topiramate use (Figure 5). Patients with prior
stable topiramate use experienced worsening in quality of life with combined therapy versus
improvement in quality of life with topiramate monotherapy. In contrast, patients without stable
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prior topiramate use experienced improvement in quality of life with combined therapy versus
insignificant changes with topiramate monotherapy.*®’

Sex

Topiramate caused a complete cessation of migraine attacks and a reduction of monthly
migraine attacks by 50 percent in women but not men according to one low-risk-of-bias RCT.**
Topiramate would cause a complete cessation of migraine attacks in 37 (95% CI, 8 to 67) and a
reduction of monthly migraine attacks by 50 percent in 249 (95% CI, 178 to 320) per 1,000
treated women.®* However, both men and women experienced a reduction of monthly migraine
75 to 90 percent more often with topiramate than with placebo.®*

Gabapentin for Episodic Migraine

Presence of Aura

Gabapentin reduced the frequency and intensity of migraine attacks significantly more than
placebo, regardless of aura.?®* Patients with aura experienced a slightly greater reduction in
migraine frequency (mean difference -2.2, 95% ClI, -2.7 to -1.7) than patients without aura (mean
difference -1.6, 95% CI, -2.2 to -0.9). Patients with aura experienced a slightly greater reduction
in migraine intensity (mean difference -0.83, 95%, Cl, -1.12 to -0.54) than patients without aura
(mean difference -0.42, 95% ClI, -0.77 to -0.07).

Prior Medication Use

In a single, low-risk-of-bias RCT, gabapentin was not better than placebo in reducing acute
drug use, regardless of prior use of triptans, opioids, or prescription or over-the-counter acute
medications.®’

Antidepressants for Episodic Migraine
Amitriptyline

Baseline Migraine Frequency

Amitriptyline was better than placebo in reducing monthly migraine but only in patients with
baseline frequent and severe migraine (Appendix Table D164).1*> Amitriptyline was better than
placebo in reducing monthly migraine only in depressed patients whose baseline migraine was
frequent and severe (Appendix Table D165).%

A higher dose of amitriptyline increased the odds of reducing monthly migraine by >50
percent in accordance with increased baseline migraine days (odds ratio 2.35, 95%, Cl 1.45 to
3.8 for every additional day of baseline migraine) (Appendix Table D166).?%

Selective Calcium Channel Blockers for Episodic Migraine
Nimodipine
Presence of Aura

A higher dose of nimodipine was not associated with increased response rates regardless of

aura.”®® Nimodipine, 40 mg/day versus 20 mg/day, reduced use of drugs for acute attacks but
only in patients with classic and not common migraine.?®
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Figure 5. Change from baseline in Migraine Specific Quality of Life

Mean difference from

Prior d hist ;
rior drug history baseline score (95% CI)

Prior, stable use

Propranolol+topiramate -11.50 (-21.30, -1.70)

Topiramate 11.00 (1.10, 20.90)

No prior stable topiramate use

Propranolol+topiramate - 12.90 (7.20, 18.50)
Topiramate | 5.90 (-0.18, 11.98)
T T
-21.3 0 Improvement in quality of life from baseline 21.3

Migraine Specific Quality of Life = MSQL scale, an increase in MSQL indicates an improvement) with combined propranolol
with topiramate or topiramate monotherapy in patients with chronic migraine for whom topiramate monotherapy failed, results
from a single randomized controlled trial.*’
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Discussion

Our report, in accordance with previously published reviews,*** demonstrated that all
approved drugs were better than placebo in reducing monthly migraine frequency by>50
percent. In addition, we found that, compared with approved drugs, some off-label beta blockers
and angiotensin inhibiting drugs are more effective and safer for preventing adult migraine. The
relative effect of drugs was moderate, with drugs resulting in 200 to 400 cases of clinical
response (of >50 percent reduction in monthly migraine frequency) per 1,000 treated.

Critical assessment of the strength of the available evidence suggested low risk of bias in
one-third and medium risk of bias in more than half of included RCTs. We relied on direct
evidence from head-to-head RCTs. We also analyzed previously published meta-analyses of
individual patient data that provided valid estimation of dose response effects with drugs.
However, strength of evidence was moderate only for topiramate and low for other drugs due to
risk of bias and imprecise estimates. Many authors of individual trials did not provide sufficient
details about allocation concealment methods or about planned measurements of clinically
important changes in quality of life scores. In addition, many investigators failed to use
intention-to-treat principles for all examined outcomes. Finally, many trials did not fully adhere
to the recommendations from the Task Force of the International Headache Society Clinical
Trials Subcommittee in design and reporting of the controlled clinical trials for preventing
migraine in adults.??

We incorporated risk of bias in our evaluation of the strength of evidence, but we could not
estimate the effect of risk of bias criteria on drug benefits or safety because most evidence came
from individual RCTs. The role of financial conflict of interest and industry sponsor participation
in data analyses and interpretation was difficult to evaluate due to inconsistent reporting in
individual studies and insufficient reporting of details.?®* For instance, the same authors
disclosed no or different relationships with industry in multiple publications. Studies
inconsistently reported subjects’ baseline severity and frequency of migraine attacks as well as
comorbidities and concomitant treatments.?*®°

The results from eligible studies were applicable to the target population. The trials enrolled
predominantly middle-aged Caucasian women. However, average treatment effects in a
clinically diverse population may not reflect the actual effects for a specific subgroup.?®® Very
few studies provided evidence for individualized treatment decisions with clear descriptions of
planned stratified randomization and subgroup analyses. Published RCTs rarely reported
important patient characteristics that could modify drug effects (history of migraine,
socioeconomic status, or response to prior preventive treatments).2%”?°® No trials examined the
role of genetic polymorphism in drug metabolism and effects.?*>*"* Migraine prevention trials
did not address teratogenic effects, anorgasmia, impotence, and other harms of anti-epileptic
drugs that can deter long-term adherence to preventive drugs. 2427327

A few RCTs reported treatment effects in patient subpopulations by baseline migraine
frequency of placebo response. Low-strength evidence suggested that onabotulinumtoxin A%
and amitriptyline®®® were more effective in patients with frequent baseline migraine. Rates of
migraine prevention in placebo arms ranged from 6 to 30 percent in examined RCTSs. Previous
research demonstrated a high placebo response in trials aimed to treat acute migraine
attacks.?®™ Our review demonstrated that a relative risk of adverse effects with
onabotulinumtoxin A was lower in trials with higher placebo rates of adverse effects.’* Previous
research has demonstrated that patients with migraine quit taking topiramate due to bothersome
adverse effects more often than patients with epilepsy.?® Most trials in our review excluded
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patients with severe medical or psychiatric illnesses, stroke, and vascular migraine. Substantial
variability in reporting comorbidities precluded using this information in quantitative synthesis
of evidence.

Comparative effectiveness and safety with preventive drugs were examined in individual
RCTs that failed to meet pooling criteria. Variability in examined drug comparisons in head-to-
head RCTs precluded meta-analysis of direct evidence. However, indirect comparisons were
feasible because we found no evident differences in baseline patient characteristics across RCTSs.
Thus, we conducted Bayesian network meta-analyses, which indicated that angiotensin inhibiting
drugs and beta blockers were the most effective and safe drugs. Head-to-head trials were not
designed to test safety with migraine preventive drugs. Very few trials were designed to detect
significant increase in rates of bothersome adverse effects leading to treatment discontinuation
when compared with placebo. In contrast, network meta-analysis demonstrated that patients
stopped taking drugs more often with topiramate, off-label antiepileptics, and antidepressants
than with placebo. Individual adverse effects varied depending on the pharmacodynamic
properties of the drugs.

Multidisciplinary drug management programs demonstrated improvement in migraine-
related disability and patient satisfaction, but long-term adherence and benefits are unclear.

Only a few RCTs examined quality of life, providing no consistent evidence of improvement
with examined drugs. The authors rarely measured quality of life using disease-specific
instruments such as the Migraine Specific Questionnaire, Migraine Disability Assessment, or the
Headache Impact Test. We could not determine the clinical importance of statistically different
changes in scores.

Our review has implications for clinical practice. Informed decisions in clinical settings
should take into account exact rates of benefits and harms with specific drugs.?®

The most recent guidelines from the American Academy of Neurology and the American
Headache Society recommend the four FDA-approved drugs—the antiepileptics topiramate and
divalproex and the beta-blockers propranolol and timolol—for adult migraine prevention.?”” The
aforementioned guidelines, which focused on published evidence, differed regarding their
recommendations for off-label drugs. Further, current guidelines do not include consideration of
the balance between benefits and harms of drugs as a basis for clinical decisonmaking.?’® Our
review analyzed benefits and harms of drugs and provided evidence for using effective and
relatively safe off-label angiotensin inhibiting drugs and other off-label beta-blockers as
alternatives based on patient preferences, comorbidities, and contraindications to the
medications.

We could not find published controlled observational studies about preventive drug use or
about the comparative effectiveness of approved versus off-label drugs. A single retrospective
administrative database study found that migraine prophylaxis medications (tricyclic
antidepressants, serotonin reuptake inhibitors antidepressants, mirtazapine, venlafaxine,
phenelzine, beta blockers, calcium channel blockers, valproic acid and derivatives, gabapentin,
tiagabine, topiramate, and carbamazepine) were associated with a significant reduction in
migraine-related costs.?”® Large observational studies of health care use for migraine did not
analyze comparative effectiveness of preventive drugs.>*°

Some evidence suggested that use of off-label drugs is common in the United States, despite
having little or no scientific support.* For instance, the Institute of Medical Informatics Health
National Disease and Therapeutic Index analysis suggested that 20 percent of all outpatient drug
prescriptions for adults were for off-label drugs. The most commonly prescribed off-label drugs
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were anticonvulsants, gabapentin, and amitriptyline hydrochloride.?®® We found that off-label
antiepileptics and antidepressants demonstrated worse benefits and safety profiles than beta
blockers or angiotensin inhibiting drugs. Evidence of off-label drug use and associated adverse
effects has been evaluated with prospective pharmacovigilance surveys in European
countries.?®*?%2 Routine monitoring of harms with off-label drugs is needed in the United States
in order to collect and analyze evidence of comparative safety in clinical settings.

Our report has limitations, including possible reporting bias. We restricted our review to
studies published in English in journals, reviewed by the FDA, or reported on the
ClinicalTrials.gov Web site. Even after such a comprehensive review of evidence, we do not
know how many funded but unregistered studies we may have missed. Published articles rarely
provided unique trial registration numbers from Clinicaltrials.gov. We concluded multiple
reports of the same data based on available information and did not contact the authors for
further clarifications. We suspected selective harms reporting because published articles reported
common and expected adverse effects. In contrast, few RCTs that posted results in
Clinicaltrials.gov reported all harms regardless of the rate or the assumed association with active
drugs. We did not contact the authors requesting unreported benefits and harms;_the cost-
effectiveness of this pursuit is still being debated.?®*?* For studies in which methodological
quality criteria were poorly reported, we did not contact the authors for additional details. Vast
variability in examined treatment option, risk of bias, and imprecise estimates from small
individual RCTs hampered synthesis of evidence.

Future Research Needs

We identified gaps and biases in available evidence that can direct future research (Table 32).
Future randomized well-designed clinical trials should examine comparative effectiveness of the
approved drugs and the most effective off-label ACE inhibitors, angiotensin Il blockers, and off-
label beta blockers. Future trials should examine the potential modification of treatment effects
by factors such as patient age, sex, race, migraine family history, comorbidities, and prior
treatment response. Observational studies should analyze off-label drug use as well as the
comparative effectiveness and safety of migraine preventive drugs. Analysis of administrative
databases should examine visits to doctors and emergency rooms among adults taking migraine
preventive drugs. Prospective pharmacovigilance methods should be used for routine monitoring
of off-label drug utilization and associated adverse effects with migraine preventive drugs. All
interventional studies should be registered in ClinicalTrials.gov. All clinical trials of migraine
preventive drugs should be required to post their results in ClinicalTrials.gov.
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Key Messages

Efficacy and Comparative Effectiveness of Pharmacologic
Treatments for Preventing Migraine Attacks in Adults

Effect of Preventive Pharmacologic Treatments on Patient-centered
and Intermediate Outcomes Compared With Placebo or No Active
Treatment

For chronic migraine, onabotulinumtoxin A was more effective than placebo in reducing
monthly chronic migraine attacks by >50 percent with inconsistent improvement in
quality of life.

For episodic migraine, all approved drugs were better than placebo in reducing monthly
migraine frequency by >50 percent (clinical response).

Relative effect of drugs was moderate: drugs would result in clinical response in 200 to
400 patients per 1,000 treated.

Strength of evidence was lowered due to medium risk of bias and imprecise estimates.
Low-strength evidence from individual RCTs suggested a dose-responsive increase in
migraine prevention with higher doses of onabotulinumtoxin A and topiramate (from 50-
100 mg with no additional benefits with 200 mg/day).

Among off-label drugs, pooled analyses offered low-strength evidence that the
antiepileptic gabapentin, the beta-blocker metoprolol, and the calcium channel blocker
nimodipine were better than placebo in reducing monthly migraine attacks by>50
percent.

Individual RCTs offered low-strength evidence that off-label beta blockers acebutolol
atenolol, and nadolol were better than placebo in reducing monthly migraine attacks by
>50 percent. Individual RCTs demonstrated that compared with placebo, the angiotensin
converting enzyme inhibitors captopril and lisinopril and the angiotensin Il antagonist
candesartan were better in reducing monthly migraine attacks by >50 percent.

Effect of Preventive Pharmacologic Treatments on Patient-Centered
and Intermediate Outcomes Compared With Active Pharmacologic
Treatments

Individual RCTs provided low-strength direct evidence about the comparative
effectiveness of drugs and demonstrated few significant differences.

Indirect adjusted analysis demonstrated no differences between approved drugs and
greater odds of clinical response with angiotensin Il antagonist candesartan.

Exploratory network Bayesian meta-analyses demonstrated that approved drugs were
similarly better than placebo. Among off-label drug classes, angiotensin inhibiting drugs
demonstrated the largest significant odds of reducing monthly migraine by>50 percent.
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Effect of Preventive Pharmacologic Treatments on Patient-centered
and Intermediate Outcomes Compared With Active

Nonpharmacologic Treatments
e Individual RCTs provided low-strength evidence that a >50 percent reduction in monthly
migraine attacks did not differ with propranolol versus biofeedback.

Influence of Approaches to Drug Management Versus Usual Care
(Such as Patient-Care Teams, Integrated Care, Coordinated Care,
Patient Education, Drug Surveillance, or Interactive Drug Monitoring)
e Multidisciplinary team care improved quality of life and reduced migraine-related
disability.
e Headache management program resulted in complete cessation of migraine (100 percent
reduction in monthly migraine attacks).
e A cognitive-behavioral minimal contact program improved patient satisfaction with
treatments.
e Headache school decreased overuse of acute drugs and reduced migraine disability.
e An intensive pharmaceutical care campaign had no statistically significant impact on use
of drugs for acute attacks.

Comparative Harms From Pharmacologic Treatments for Preventing

Migraine Attacks in Adults

e Among approved drugs, onabotulinumtoxin A, topiramate, and propranolol resulted in
bothersome adverse effects leading to treatment discontinuation more often than placebo.

e The association was dose responsive for topiramate. Larger doses of topiramate caused
higher risk of anorexia, depression, paresthesia, and difficulty in memory leading to
treatment withdrawal. Larger doses of topiramate caused higher risk dry mouth,
paresthesia or fatigue, mood problems, nausea, and weight loss.

e Individual RCTs showed that divalproex led to treatment discontinuation, nausea,
somnolence, tremor, vomiting, and asthenia.

e Among other drugs, pooled analyses demonstrated that the off-label antidepressant
amitriptyline caused bothersome adverse effects leading to treatment discontinuation
more often than placebo.

e Limited low-strength evidence from individual head-to-head RCTs suggested that
treatment discontinuation due to adverse effects was less frequent with
onabotulinumtoxin A than topiramate or amitriptyline.

e Individual unique RCTs provided low-strength direct evidence about adverse effects with
specific drugs with no consistent pattern across available drug comparisons.

e Indirect adjusted analyses demonstrated no differences in treatment discontinuation due
to adverse effects with approved drugs or approved versus off-label drugs. Exploratory
Bayesian network meta-analyses demonstrated that topiramate, off-label antiepileptics
and antidepressants resulted in bothersome adverse effects leading to treatment
discontinuation more often than placebo. According to network meta-analysis, off-label
angiotensin inhibiting drugs and beta blockers were the safest treatment option for adults
with episodic migraine.
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Influence of Patient Characteristics on the Effectiveness and Safety of
Pharmacologic Treatments for Preventing Migraine Attacks in Adults
e Evidence was limited to individual RCTs that examined the drug effect modification by
selected patient characteristics.
e Onabotulinumtoxin A was more effective in patients with a higher mean baseline
migraine frequency.
e Amitriptyline was better than placebo in reducing monthly migraine only in patients with
frequent and severe baseline migraine and in depressed patients with baseline severe
migraine.
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Table 32. Future research needs

Key Question

Findings

Types of Studies Needed To
Answer Question

Future Research Recommendation

KQ 1: What are the
efficacy and comparative
effectiveness of
pharmacologic treatments
for preventing migraine
attacks in adults?

o All approved drugs, some off-

label beta blockers, and ACE
inhibitors were better than
placebo in reducing monthly
migraine frequency by 250%
(clinical response).

Individual RCTs provided low
strength of evidence about
comparative effectiveness of
drugs with few significant
differences.

Network Bayesian meta-
analysis of 59 drugs from 14
drug classes demonstrated
that all approved drugs were
similarly better than placebo.
Among off-label drugs
angiotensin inhibiting drugs,
and some off-label beta
blockers are more effective
than all other drugs.

Randomized clinical trials.
Creating of migraine registry with
individual patient data from
electronic medical records and
quarterly completed migraine
diaries.

Analysis of health insurance,

Medicare, and Medicaid databases.

Prospective pharmacovigilance
surveys.

Design low-risk-of-bias RCTs following
recommendations from the International Headache
Society about migraine definitions, inclusion, and
exclusion criteria of the subjects, assessments of
patient centered outcomes at the end of the
treatments and at 6 months or more of followup.
Conduct observational studies reducing risk of bias by
matching, adjustment, and propensity score.
Examine comparative effectiveness of the most
effective and safe angiotensin inhibiting drugs and
beta blockers with approved antiepileptics and beta
blockers.

Examine comparative effectiveness of combined
treatments with approved and off-label Angiotensin
inhibiting drugs vs. monotherapy.

Examine treatment effects in patient subpopulations
by age, sex, race, socioeconomic status, prior
treatment history, comorbidity, family history of
migraine, and baseline migraine type, severity, and
frequency.

Focus on validated measures of quality of life and
migraine related disability.

Examined preventive drug utilization and the effects
on health care utilization (emergency visits,
hospitalizations, abortive drug utilization and
overuse).

Examine which patient and provider characteristics
are associated with preventive drug utilization.
Examine the benefits with multidisciplinary migraine
management programs and combined pharmacologic
and self-administrated migraine management
interventions.
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Table 32. Future research needs (continued)

Key Question

Findings

Types of Studies Needed To
Answer Question

Future Research Recommendation

KQ 2: What are the
comparative harms from
pharmacologic treatments
for preventing migraine
attacks in adults?

e Among approved drugs,
onabotulinumtoxin A,
topiramate, and propranolol
resulted in bothersome
adverse effects leading to
treatment discontinuation more
often than placebo.

e The association was dose
responsive for topiramate.
Larger doses of topiramate
caused higher risk of anorexia,
depression, paresthesia, and
difficulty in memory leading to
treatment withdrawal. Larger
doses of topiramate caused
higher risk dry mouth,
paresthesia or fatigue, mood
problems, nausea, and weight
loss.

e Individual RCTs showed that
divalproex led to treatment
discontinuation due to adverse
effects that included nausea,
somnolence, tremor, vomiting,
and asthenia.

o Among other drugs, pooled
analyses demonstrated that
off-label antidepressant
amitriptyline caused
bothersome adverse effects
leading to treatment
discontinuation more often
than placebo.

Randomized clinical trials.
Creating migraine registry with
individual patient data from
electronic medical records and
quarterly completed migraine
diaries.

Analysis of health insurance,

Medicare, and Medicaid databases.

Prospective pharmacovigilance
surveys

Design low-risk-of-bias fully powered to assess harms
RCTs following recommendations from the HIS about
migraine definitions, inclusion, and exclusion criteria
of the subjects, comorbidities, assessments of patient
centered outcomes at the end of the treatments and
at 6 months or more of followup.

Conduct observational studies reducing risk of bias by
matching, adjustment, and propensity score.

Examine comparative safety of the commonly used
approved and off-label drugs with the most effective
and safe angiotensin inhibiting drugs and beta
blockers.

Examine treatment harms in patient subpopulations
by age, sex, race, socioeconomic status, prior
treatment history, comorbidity, concomitant
treatments, family history of migraine, and doses of
the drugs.

Analyze all harms the patient experienced irrespective
of investigator determination about causality between
drugs and harms.

Examined preventive drug utilization and the effects
on health care utilization (treatments for adverse
effects, hospitalizations for drug harms).

Examine the effects of multidisciplinary migraine
management programs on patient safety.

Routinely analyze all harms in patients with migraine
taking preventive drugs.
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Table 32. Future research needs (continued)

Key Question

Findings

Types of Studies Needed To
Answer Question

Future Research Recommendation

KQ 2: What are the
comparative harms from
pharmacologic treatments
for preventing migraine
attacks in adults?
(continued)

o Limited low-strength evidence
from individual head-to-head
RCTs suggested that treatment
discontinuation due to adverse
effects was less frequent with
onabotulinumtoxin A than
topiramate or amitriptyline.

¢ Individual unique RCTs
provided low-strength direct
evidence about adverse effects
with specific drugs, with no
consistent pattern across
available drug comparisons.

¢ Indirect adjusted analyses
demonstrated no differences in
treatment discontinuation due
to adverse effects with
approved drugs or approved
versus off-label drugs.
Exploratory Bayesian network
meta-analyses demonstrated
that topiramate, off-label
antiepileptics, and
antidepressants resulted in
bothersome adverse effects
leading to treatment
discontinuation more often
than placebo. According to
network meta-analysis, off-
label angiotensin inhibiting
drugs and beta-blockers were
the safest treatment option for
adults with episodic migraine
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Table 32. Future research needs (continued)

Key Question

Findings

Types of Studies Needed To
Answer Question

Future Research Recommendation

KQ 3: Which patient
characteristics predict the
effectiveness and safety of
pharmacologic treatments
for preventing migraine
attacks in adults?

e Evidence was limited to
individual RCTs that examined
the drug effect modification by
selected patient
characteristics.

e Randomized clinical trials.

e Creating of migraine registry with
individual patient data from
electronic medical records and
quarterly completed migraine
diaries.

e Analysis of health insurance,
Medicare, and Medicaid databases;
prospective pharmacovigilance
surveys.

Conduct low-risk-of-bias RCTs with planned subgroup
analysis of treatment benefits by age, sex, race,
socioeconomic status, prior treatment history,
comorbidity, family history of migraine, and baseline
migraine type, severity, and frequency.

Conduct low-risk-of-bias powered RCTs with planned
subgroup analysis of treatment harms by age, sex,
race, socioeconomic status, prior treatment history,
comorbidity, concomitant treatments, family history of
migraine, and doses of the drugs.

Conduct pharmacogenomic studies to examine the
effects of genetically predisposed drug metabolism on
treatment benefits and harms.

Evaluate treatment effects in patient subpopulations
by age, sex, race, socioeconomic status, prior
treatment history, comorbidity, family history of
migraine, and baseline migraine type, severity, and
frequency.

Examine treatment harms in patient subpopulations
by age, sex, race, socioeconomic status, prior
treatment history, comorbidity, concomitant
treatments, family history of migraine, and doses of
the drugs.

Routinely analyze which patient and provider
characteristics are associated with drug adverse
effects in patients with migraine taking preventive
drugs.

Routinely analyze which patient and provider
characteristics are associated with treatment
discontinuation in patients with migraine taking
preventive drugs.

RCT = randomized controlled trial
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Appendix A. Literature Search

January, 2011
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# | Strings N

8 Search "Migraine Disorders"[Mesh] AND "Migraine Disorders"[Mesh] Limits: Humans, Meta-Analysis, 97
English

7 Search "Migraine Disorders"[Mesh] AND "Migraine Disorders"[Mesh] Limits: Humans, Randomized 907
Controlled Trial, English

# | Strings N

71 | Search migraine NOT acute Limits: Humans, Randomized Controlled Trial, English 655

70 | Search migraine Limits: Humans, Randomized Controlled Trial, English 1040

66 | Search melatonin AND migraine 55

67 | Search melatonin AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 7

64 | Search "Brain-Derived Neurotrophic Factor'[Mesh] AND migraine 6

63 | Search "Brain-Derived Neurotrophic Factor'[Mesh] AND migraine Limits: Humans, Clinical Trial, 1
Randomized Controlled Trial, English

62 | Search "Brain-Derived Neurotrophic Factor'[Mesh] Limits: Humans, Clinical Trial, Randomized 94
Controlled Trial, English

58 | Search Risperidone AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 0

57 | Search Paliperidone AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, 0
English

56 | Search Methiothepin AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, 0
English

55 | Search Metergoline AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 0

53 | Search Lisuride AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 5

51 | Search Bromocriptine AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, 4
English

50 | Search Zotepine AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 0

49 | Search Ziprasidone AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 0

48 | Search Trifluoperazine AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, 0
English

47 | Search Tenilapine AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 0

46 | Search Sulpiride AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 1

45 | Search Spiperone AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 0

44 | Search Sertindole AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 0

43 | Search Olanzapine AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 0

42 | Search Loxapine AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 0

41 | Search Ketanserin AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 0

40 | Search Imipramine AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 0

39 | Search Fluperlapine AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 0

38 | Search Fluphenazine AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, 0
English

36 | Search Cyproheptadine AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, 9
English

35 | Search Clozapine AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 0

33 | Search Clomipramine AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, 2
English

32 | Search Aripiprazole AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 0

31 | Search Amoxapine AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 0

29 | Search Amitriptyline AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, English 34

28 | Search Amitriptyline AND migraine Limits: Humans, English 150

27 | Search 5-HT7 AND migraine Limits: Humans, English 12

24 | Search 5-HT7 Limits: Humans, English 150

13 | Search Quetiapine AND migraine Limits: Humans, English 5

21 | Search "Antipsychotic Agents "[Pharmacological Action] AND migraine Limits: Humans, Clinical Trial, 41

Randomized Controlled Trial, English




20 | Search "Antipsychotic Agents "[Pharmacological Action] AND migraine Limits: Humans, English 206
19 | Search "Antipsychotic Agents "[Pharmacological Action] Limits: Humans, English 51308
11 | Search 5-HT2A AND migraine Limits: Humans, English 14
10 | Search 5-HT2A antagonists AND migraine Limits: Humans, English 3
7 | Search 5-HT2A antagonists Limits: Humans, English 394
5 | Search Alpha-2 agonists AND migraine Limits: Humans, English 6
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84 | Search telcagepant AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, 4
English
83 | Search olcegepant AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, 0
English
82 | Search Arachidonic cascade modulators Limits: Humans, Clinical Trial, Randomized Controlled 0
Trial, English
80 | Search tonabersat) AND migraine Limits: Humans, Clinical Trial, Randomized Controlled Trial, 6
English
79 | Search dextromethorphan AND migraine Limits: Humans, Clinical Trial, Randomized Controlled 0
Trial, English
78 | Search dextromethorphan AND migraine NOT acute Limits: Humans, Clinical Trial, Randomized 0
Controlled Trial, English
77 | Search loxapine AND migraine NOT acute Limits: Humans, Clinical Trial, Randomized 0
Controlled Trial, English
76 | Search prochlorperazine AND migraine NOT acute Limits: Humans, Clinical Trial, Randomized 8
Controlled Trial, English
75 | Search prochlorperazine AND migraine Limits: Humans, Clinical Trial, Randomized Controlled 20
Trial, English
August, 2011
# | Strings N
15 | Search Phenelzine AND migraine Limits: Humans, Journal Article, English 11
14 | Search Bupropion AND migraine Limits: Humans, Journal Article, English 1
13 | Search Imipramine AND migraine Limits: Humans, Journal Article, English 15
12 Search Imipramine AND headache Limits: Humans, Journal Article, English 60
11 Search Doxepin AND headache Limits: Humans, Journal Article, English 15
9 Search Desipramine AND headache Limits: Humans, Journal Article, English 13
10 | Search Desipramine AND migraine Limits: Humans, Journal Article, English 1
7 Search Protriptyline AND headache Limits: Humans, Journal Article, English 4
6 Search Protriptyline AND migraine Limits: Humans, Journal Article, English 0
Updated search in Ovid; 1948 to November Week 3 2011
# | Searches Results
1 | exp migraine disorders/dt 5944
2 | exp migraine disorders/pc 1669
3 | ad.fs. 998247
4 | 2and3 286
5 lor4d 6112
6 |lor2 7065
7 | exp "off-label use"/ 519
8 | off label.mp. 2412
9 70r8 2412
10 | 6and 9 14
11 | exp calcium channel blockers/ 68976
12 | exp antihypertensive agents/ 216956
13 | exp antidepressive agents/ 113058
14 | exp anticonvulsants/ 111349
15 | exp botulinum toxin type a/ 4832
16 | exp alzheimer disease/dt 8107




17 | 11 o0r12o0r13or14 or15or 16 476372
18 | 6 and 17 1675
19 | 50r10o0r18 6489
20 | limit 19 to (humans and yr="2000 -Current") 3195
21 | limit 20 to updaterange="mesz(20111121020154-20111121091315]" 0
Ovid MEDLINE(R) 1946 to December Week 4 2011

# | Searches Results
1 exp migraine disorders/dt 5882
2 exp migraine disorders/pc 1659
3 ad.fs. 975844
4 2and3 284
5 lor4 6048
6 lor2 6996
7 exp "off-label use"/ 510
8 off label.mp. 2358
9 7o0r8 2358
10 6 and 9 13
11 exp calcium channel blockers/ 67571
12 exp antihypertensive agents/ 1420023
13 exp antidepressive agents/ 110836
14 exp anticonvulsants/ 1012405
15 exp botulinum toxin type a/ 4648
16 exp alzheimer disease/dt 7829
17 11or12or13orl14orl5or 16 2510533
18 6 and 17 1831
19 5o0r10o0r18 6431
Database(s): Ovid MEDLINE(R) 1946 to May Week 2 2012
Search Strategy:
# Searches Results
1 drug management.mp. 467
2 exp patient care team/ 49789
3 exp delivery of health care, integrated/ 7185
4 integrated care.mp. 1087
5 exp managed care programs/ 38113
6 (managed care or coordinated care).mp. 28360
7 exp Patient Education as Topic/ 64554
8 exp Health Education/ 125606
9 drug surveillance.mp. 432
10 exp drug monitoring/ 12104
11 lor2or3or4or5or6or7or8or9oril0 231287
12 exp patient compliance/ 46268
13 exp patient satisfaction/ 52327
14 exp patient care management/ 475066
15 12 0r130r 14 555310
16 exp migraine disorders/dt 5965
17 11 and 16 111
18 15 and 16 360




Ovid Technologies, Inc.

Search for: limit 19 to (humans and yr="2000 -Current")
Results: 100

Database: Ovid MEDLINE(R) <1946 to May Week 2 2012> Search Strategy:

OCO~NOOOUTAWNP

exp migraine disorders/dt (5965)

exp migraine disorders/pc (1692)

ad.fs. (1002489)

2 and 3 (291)

1or4(6136)

lor2(7101)

exp "off-label use"/ (628)

off label.mp. (2572)

7 or 8 (2572)

6 and 9 (14)

exp calcium channel blockers/ (68722)
exp antihypertensive agents/ (217035)
exp antidepressive agents/ (113333)

exp anticonvulsants/ (112028)

exp botulinum toxin type a/ (4853)

exp alzheimer disease/dt (8211)

11 or12 or13 or 14 or 15 or 16 (477138)
6 and 17 (1689)

5or 10 or 18 (6514)

limit 19 to (humans and yr="2000 -Current") (3226)



Scientific Information Package requests and responses

Company Name

Date Responded

Abbott Laboratories

No response

Alexza Pharmaceuticals, Inc.

No response

Allergan, Inc.

No response

Almirall, S.A.

No response

AstraZeneca Pharmaceuticals, LP

No response

Beth Israel Deaconess Medical Center

No response

Boston Scientific

No response

BTG International, Ltd.

No response

Capnia, Inc.

No response

Centre Hospitalier Universitaire de Saint Etienne

No response

Cephalon, Inc

No response

Chengdu University of Traditional Chinese Medicine

No response

Clinvest

No response

ColLucid Pharmaceuticals, Inc.

No response

D-Pharm Ltd. No response
Eisai Inc. No response
Eli Lilly & Co No response
Endo Pharmaceuticals No response
eNeura No response
Eurohead No response

GlaxoSmithKline

Submitted

HaEmek Medical Center

No response

Ipsen Biopharm, Ltd

No response

Janssen Cilag Pharmaceutica S.A.C.1.

No response

Janssen EMEA

No response

Janssen Pharmaceutica NV

Submitted

Janssen-Ortho, Inc.

No response

Johnson & Johnson Pharmaceutical Research & Development, L.L.C.

No response

Kowa Pharmaceuticals America

No response

Lotus Pharmaceuticals, Inc.

No response

Luitpold Pharmaceuticals, Inc.

No response

Manhattan Pharmaceuticals, Inc.

No response

MAP Pharmaceuticals, Inc.

No response

Medtronic, Inc.

No response

Merck & Co., Inc.

Submitted

Nektar

Nothing to submit 11/16/2011

NeurAxon

No response

Nordlandssykehuset HF

No response

Novartis Pharmaceuticals Corporation

No response

NPS Pharmaceuticals

No response

Ortho-McNeil Janssen Scientific Affairs, LLC

No response

Ortho-McNeil Neurologics

No response

Ortho-McNeil-Janssen Pharmaceuticals, Inc

No response

Pfizer Inc

No response

Pozen

No response

PriCara® (Division of Ortho-McNeil-Janssen Pharmaceuticals, Inc.)

No response

Raptor Pharmaceutical Corp.

No response

Roxane Laboratories

No response

SK Chemicals

No response

Sorlandet Hospital HF

No response

Takeda Global Research & Development Center, Inc.

No response

Takeda Pharmaceuticals North America, Inc.

No response

The EMMES Corporation

No response

UCB, Inc. No response
Valeant Pharmaceuticals International No response
Zogenix No response
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Appendix B. Analytical Framework

PICOTS Framework

Population(s)

Adults with episodic migraine, chronic daily headache, or chronic migraine as defined by the
Headache Classification Subcommittee of the International Headache Society” (see below

for definitions).

Patient characteristics that can modify the effects of pharmacological treatments for

preventing migraine attacks in children and adults:

Age

Sex

Pregnancy

Hormone-based birth control and hormone replacement
The onset of menarche and menopause

Race and ethnicity

Socioeconomic status

Education

Family history

Access to care, type of care, and residence in rural or urban areas
Definition of migraine

Presence of aura

Headache frequency

Prior treatments; overuse of drugs for acute migraine
Obesity

Nutritional and dietary factors, specifically caffeine
Aerobic fitness

Previous head injury

Psychological factors and social/family support system

Comorbidities (depression, bipolar disorder, anxiety, diabetes, hypertension,

cardiovascular diseases, others)
Concomitant medications for comorbid conditions

Interventions

Drugs approved by the FDA (such as propranolol, timolol, topiramate, and divalproex
sodium) to prevent episodic migraine and to treat chronic migraine (such as Botox).
Off-label medications available in the United States and previously examined in clinical trials

for preventing migraine.
Monotherapy.
Multidrug interventions.

Combined pharmacological with nonpharmacological modalities: behavioral interventions
with education, exercise, biofeedback, relaxation techniques, yoga, massage,

acupuncture, and dietary supplements.
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Comparators

Placebo.

Drug treatments (comparative effectiveness).

Nonpharmacological treatments: behavioral interventions with education, exercise,
biofeedback, relaxation techniques, yoga, massage, acupuncture, and dietary
supplements.

Outcomes

Patient-centered outcomes:
Reduction of migraine attacks by >50 percent from baseline; primary outcome for the
review.
Quality of life.
Patient satisfaction.
Composite patient centered outcomes defined as an aggregate improvement of the
aforementioned outcomes.
Emergency visits, loss of work days; treatment failure.
Intermediate outcomes:
Number of headache days.
Number of moderate to severe headache days.
Improvement in associated symptoms.
Use of drugs for acute migraine (prescribed or over-counter).
Physician/healthcare professional (HCP) visits.
Harms:
All reported adverse reactions and effects (such as anxiety, nausea, vomiting, sleep time
reduction, drowsiness, or weakness).
Treatment discontinuation due to adverse effects.
Additional medical resource utilization to manage adverse effects (e.g., prescription
medication, urgent care/emergency services, physician/HCP visits).

Timing
6 months or more; optimally 12 months.
Any time of occurrence for the harms.

Setting
Outpatient settings

Definition of Terms

Migraine (as defined by the Headache Classification Subcommittee of the International
Headache Society):*
Repeated attacks of headache lasting 4 to 72 hours in patients with a normal physical
examination, no other reasonable cause for the headache, and:
At least two of the following features:
— Unilateral pain
— Throbbing pain



— Aggravation by movement
— Moderate or severe intensity
Plus at least one of the following features:
— Nausea/vomiting
— Photophobia and phonophobia
Episodic migraine as an indication for preventive treatment:
Five or more attacks a month?
Three or more attacks a month?
Definitions of chronic migraine (can be chronic from onset or transformed from episodic
migraine):
FDA:
— Chronic migraine is defined as having a history of migraine and experiencing a
headache on most days of the month.”
Revised International Headache Society criteria for chronic migraine:*
1.5.1. Chronic migraine

A. Headache (tension-type and/or migraine) on >15 days per month for at
least 3 months
* Characterization of a frequently recurring headache generally requires

a headache diary to record information on pain and associated
symptoms day by day for at least 1 month.

B. Occurring in a patient who has had at least five attacks.

C. On >8 days per month for at least 3 months headache has fulfilled C.1
and/or C.2 below, that is, has fulfilled criteria for pain and associated
symptoms of migraine without aura.

1. Has at least two of a—d
a. Unilateral location
b. Pulsating quality
c. Moderate or severe pain intensity
d. Aggravation by or causing avoidance of routine physical
activity (e.g., walking or climbing stairs) and at least one of (1)
or (2):
(1). Nausea and/or vomiting
(2). Photophobia and phonophobia
2. Treated and relieved by triptan(s) or ergot before the expected
development of C.1 above

D. No medication overuset and not attributed to another causative disorder

tHeadache Classification Committee criteria for a medication overuse

headache (A8.2)*

References

1. Olesen J, Bousser MG, Diener HC, et al. New principles of internal medicine. 17th ed. New York:
appendix criteria open for a broader concept of The McGraw-Hill Companies; 2008.
chronic migraine. Cephalalgia. 2006 3. Administration USFaD. FDA News Release:
Jun;26(6):742-6. PMID 16686915. FDA approves Botox to treat chronic migraine.

2. Goadshy PJ, Raskin NH. Chapter 15. Headache. In: http://www.fda.gov/NewsEvents/Newsroom/Pres
Fauci AS, Braunwald E, Kasper DL, Hauser SL, sAnnouncements/ucm229782.htm. Accessed on
Longo DL, Jameson JL, et al., eds. Harrison's February 1 2011.
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Table 1. Pharmacological classes for migraine prevention

Drug, ATC Code*

Class of Drug

ANTIEPILEPTICS

Topiramate, NO3AX11

NO3 ANTIEPILEPTICS NO3AX Other antiepileptics

Lamotrigine, NO3AX09

NO3A ANTIEPILEPTICS

Levetiracetam, NO3AX14

NO3A ANTIEPILEPTICS

Pregabalin, NO3AX16

NO3A ANTIEPILEPTICS alpha2-delta agonist

Carbamazepine , NO3AF01

NO3A ANTIEPILEPTICS NO3AF Carboxamide derivatives

Valproic acid, NO3AGO1

NO3A ANTIEPILEPTICS NO3AG Fatty acid derivatives, Gamma-
aminobutyric acid (GABA) enhancer and analog

Vigabatrin, NO3AG04

NO3A ANTIEPILEPTICS NO3AG Fatty acid derivatives, GABA
transaminase inhibitor

Tiagabine, NO3AGO06

NO3A ANTIEPILEPTICS NO3AG Fatty acid derivatives, gamma
aminobutyric acid (GABA) enhancer

Zonisamide, NO3AX15

NO3A ANTIEPILEPTICS NO3AX Other antiepileptics

Valproate NO3A ANTIEPILEPTICS
NO3AG Fatty acid derivatives
Divalproex Gamma-aminobutyric acid (GABA) enhancer and analog

Gabapentin, NO3AX12

NO3A ANTIEPILEPTICS

Acetazolamide, SO1EC01

SO1EC, carbonic anhydrase inhibitor

ANTIDEPRESSANTS

Nortriptyline , NO6AA10

NO6A ANTIDEPRESSANTS NO6AA nonselective monoamine
reuptake inhibitors

Clomipramine, NO6AAO4

NO6A ANTIDEPRESSANTS NO6AA nonselective monoamine
reuptake inhibitors

Citalopram, NO6AB04

NO6A ANTIDEPRESSANTS NO6AB selective serotonin reuptake
inhibitors

Venlafaxine, NO6AX16

NO6A ANTIDEPRESSANTS NO6AX Other antidepressants

Amitriptyline

NO6A ANTIDEPRESSANTS NO6AA nonselective monoamine
reuptake inhibitors

Mirtazapine, NO6AX11

NO6A ANTIDEPRESSANTS tricyclic antidepressants

BETA BLOCKERS

Timolol, CO7AA06

CO7AA , Beta blocking agents, nonselective

Nadolol , CO7AA12

CO7AA Beta blocking agents, nonselective

Propranolol,CO7AAQ5

CO7AA Beta blocking agents, nonselective

Metoprolol,C07AB02

CO7AB Beta blocking agents, selective

Atenolol, CO7AB03

CO7AB Beta blocking agents, selective

Bisoprolol,CO7AB07

CO7AB Beta blocking agents, selective

Acebutolol,C07AB04

CO7AB Beta blocking agents, selective

Alprenolol, CO7AA01

CO7A BETA BLOCKING AGENTS

Oxprenolol, CO7AA02 (discontinued in the FDA)

CO7AA Beta blocking agents, nonselective

Pindolol, CO7AAQ03

CO7AA Beta blocking agents, nonselective

ACE INHIBITORS

Trandolapril, CO9AA10

CO09AA ACE inhibitors

Enalapril, CO9AAQ02

CO09AA ACE inhibitors

Captopril, CO9AA0L

C09AA ACE inhibitors

Lisinopril, CO9AA03

CO09AA ACE inhibitors

ANGIOTENSIN Il ANTAGONISTS

Telmisartan,CO9CAQ7

CO9CA Angiotensin Il antagonists

Candesartan, CO9CA06

CO9CA Angiotensin Il antagonists

CALCIUM CHANNEL ANTAGONIST

Dotarizine

SELECTIVE CALCIUM CHANNEL ANTAGONIST; 5-HT
receptors ANTAGONIST

Flunarizine, NO7CAO03; Sibelium

SELECTIVE CALCIUM CHANNEL ANTAGONISTNO7C
ANTIVERTIGO PREPARATIONS




Drug, ATC Code*

Class of Drug

SELECTIVE CALCIUM CHANNEL BLOCKERS

Nimodipine,CO8CAQ06

C08C SELECTIVE CALCIUM CHANNEL BLOCKERS WITH
MAINLY VASCULAR EFFECTS CO8CA Dihydropyridine
derivatives

Verapamil, CO8DA0O1

C08D SELECTIVE CALCIUM CHANNEL BLOCKERS WITH
DIRECT CARDIAC EFFECTS C08DA Phenylalkylamine
derivatives

Nicardipine,CO8CA04

C08C SELECTIVE CALCIUM CHANNEL BLOCKERS WITH
MAINLY VASCULAR EFFECTS CO8CA Dihydropyridine
derivatives

Nifedipine, COBCA05

C08C SELECTIVE CALCIUM CHANNEL BLOCKERS WITH
MAINLY VASCULAR EFFECTS C08CA Dihydropyridine
derivatives

ANTIADRENERGICS

Clonidine,C02ACO01

CO2A ANTIADRENERGIC AGENTS, CENTRALLY ACTING
CO02AC Imidazoline receptor agonists

Labetalol, CO7TAGO01

CO7AG , Alpha and beta blocking agents

Dixarit (clonidine, C02ACO01)
Guanfacine, C02AC02

CO02A ANTIADRENERGIC AGENTS, CENTRALLY ACTING
CO02A ANTIADRENERGIC AGENTS, CENTRALLY ACTING
CO02AC Imidazoline receptor agonists

ANTI-DEMENTIA

Donepezil, NO6DA02

NO6 PSYCHOANALEPTICS

Memantine, NO6DX01

NO6D ANTI-DEMENTIA DRUGS N-methyl-D-aspartate (NMDA)
receptor inhibitor

ANTIPSYCHOTICS

Aripiprazole, NO5AX12

NO5A ANTIPSYCHOTICS

Olanzapine,NOSAHO03

NO5A ANTIPSYCHOTICS NO5AH Diazepines, oxazepines,
thiazepines and oxepines

Quetiapine,NO5AH04

NO5A ANTIPSYCHOTICS NO5AH Diazepines, oxazepines,
thiazepines and oxepines

Deanxit (Flupentixol, NOSAFO01)

NO5A ANTIPSYCHOTICS
NO5AF Thioxanthene derivatives

Sulpiride, NO5ALO1 (antipsychotic)

NO5A ANTIPSYCHOTICS
NO5AL Benzamides

Prochlorperazine, NOSAB04

NO5A ANTIPSYCHOTICS

DOPAMINERGIC AGENTS

Amantadine, NO4BB01

N04B DOPAMINERGIC AGENTS N04BB Adamantane
derivatives N-methyl-D-aspartate (NMDA) receptor inhibitor

Dihydroergocryptine, NO4BCO03

N04B DOPAMINERGIC AGENTS
N04BC Dopamine agonists

ERGOT ALKALOIDS

Dihydroergotamine, NO2CA01

NO2C ANTIMIGRAINE PREPARATIONS NO2CA Ergot alkaloids

Lisuride, NO2CAQ7
Ergotamine, NO2CAQ02

NO2C ANTIMIGRAINE PREPARATIONS
N02C ANTIMIGRAINE PREPARATIONS NO2CA Ergot alkaloids

Methysergide, NO2CA04

N02C ANTIMIGRAINE PREPARATIONS NO2CA Ergot alkaloids

MUSCLE RELAXANTS

Botulinum Toxin Type A, MO3AX01

MO3A MUSCLE RELAXANTS, PERIPHERALLY ACTING
AGENTS M03AX Other muscle relaxants, peripherally acting
agents

Tizanidine, MO3BX02

MO03B MUSCLE RELAXANTS, CENTRALLY ACTING AGENTS

SYSTEMIC DRUGS

Montelukast, RO3DC03

RO3D OTHER SYSTEMIC DRUGS FOR OBSTRUCTIVE
AIRWAY DISEASES R03DC Leukotriene receptor antagonists

ATC code - The Anatomical Therapeutic Chemical classification



Table 2 Bayesian models summary under the noninformative prior

Fixed effect model

Random effect model
(homogeneous)

Random effect model
(heterogeneous)

Random effect model
(inconsistency)

Data

rik ~ Bin(Nik, pik)
i=1,...,NS; k=1, ..., NT
(NS = number of study; NT = number
of trt)
Model

logit(pik) = Wi + Ask

where B is for the baseline treatment,
Uig is the log odds of the baseline
treatment and Agy is the fixed effect of
the k" drug versus the baseline
treatment defined b%/ dk — dg with the
fixed effect of the k™ drug versus
placebo, dx (dg = 0)
Prior

dk ~ N(0, 10000)

pis ~ N(0, 10000)

Data
rik ~ Bin(Nik, pix)
Model
logit(pix) = Mis + disk
where digx is the random effect of the
k™ drug versus the baseline treatment
inthe i study
Prior
Sisk ~ N(dk — dg, 0%)
dk ~ N(0, 10000)
Mis ~ N(0, 10000)
o ~Unif(0.01,2)

rik ~ Bin(nik, pix)

logit(pik) = i + diek
where digk is the random effect of the
k™™ drug versus the baseline treatment
inthe i study
Prior
Sisk ~ N(dk — da, Oai’)
dx ~ N(O, 10000)
Mis ~ N(O, 10000)
logoyy = logoo + Vyy
0o ~Unif(0.01,2)
Viy ~ N(O, *)

rik ~ Bin(nik, Pix)

logit(pik) = Wi + diek
where &i« is the random effect of the
K™ drug versus the placebo in the i"
study
1. dgc = dac —dag + Wasc
Wagc is the amount of inconsistency
between direct and indirect
comparisons
Prior
Sigk ~ N(dk — ds, 0%)
dk ~ N(0, 10000)
pis ~ N(O, 10000)
wasc ~ N(0, 0v/”)
g, ow ~Unif(0.01,2)

[Example] Study 1: Drugs 1 vs. 2 vs. 3 trial (drug 1 is the baseline treatment)

Fixed effect model

Random effect model
(homogeneous)

Random effect model
(heterogeneous)

Random effect model
(inconsistency)

Data

ri1 ~ Bin(ni1, p11)

ri2 ~ Bin(niz, p12)

riz ~ Bin(nus, p1s)
Model

2. logit(p11) = p11

3. logit(pi2) = p11+ d2

4. |Ogit(p13) = M1t ds
Prior

da, ds ~ N(0, 10000)
H11 ~ N(O, 10000)

Model
5. logit(p11) = Y11
6. |Ogit(p12) =M t 012
7. logit(pis) = p11 + 013
Prior (assume p=0.5

512) <d2> .(1 05
(613 MVN( ds)’? (0,5 1 ))
9 612 ~ N(dz, 0-2)
1
> 013]6;,~N(ds + 5(512 -
3
dZ)vZJZ)
dz, d3 ~ N(0, 10000)

H11 ~ N(O, 10000)
o ~Unif(0.01,2)

Model
g. logit(pi1) = M11
9. logit(p12) = p11 + 612
10. logit(p1s) = M1 + 013
Prior (assume p=0.5

(612) ~MVN((d2)' o 0.5;;12 )
813 ds 0.501, 05y
> 5, ~N(dy, 012)
1
2> 013]8;,~N(ds + ;(512 -
dy),30%)
dz, d3 ~ N(O, 10000)
H11 ~ N(O, 10000)
logo11 = logoo + vi1
logoi2 = logoo + vi2
|OgO'22 = |OgO'o + Voo
0o ~ Unif(0.01,2)
V11, V12, V22 ~ Unif(0.0l, l|J2)

Study 1: 1 vs. 2 vs. 3 trial
11. Study 2: 1vs. 2
12. Study 3:1vs. 3

= We can estimate w23 because
the data permit estimation via the
equation
d23 = di3 — diz + W13

Model and priors are similarly defined
as in Model2. Additional prior is

wizs ~ N(O, ow’)

ow ~ Unif(0.01,2)




Table 3. Winbug Code for Bayesian network meta analysis

Outcome — reduction in monthly migraine by 250% or perceived clinically important treatment success
# Model - heterogeneous random effects model

# Assume correlation within study (rho = 0.5)

# Assume heterogeneous between studies

model {
for (iin 1:NS) {
s[i, 1] <- 0
delta[i, t[i,1]] <- 0
muli] ~ dnorm(mmul[t[i,1]], taumu) # handle different baseline treatments

for (k in 1:na[i]) {
rTi,k] ~ dbin(pli,tfi,k]], n[i,k])
logit(p[i,t[i,K]]) <- muli] + deltal[i,t[i,k]]

for (k in 2:na[i]) {
delta[i,t[i,k]] ~ dnorm(md][i,t[i,k]], taud[i,t[i,k]])
md[i,t[i,K]] <- d[t[i,k]] - d[t[i,2]] + ss[i,K]
taud[i,t[i,k]] <- tau[tfi,1],t[i,k]1*2*(k-1)/k
s[i,k] <- (deltali, t[i,K]] - d[t[i,k]] + d[t[i,1]])
ss[i,k] <- sum(s[i, 1:k-1])/(k-1)

}

mmu[5] <- 0 #Treatments 1,2,3,4,6,7 are one of baseline treatments.
mmu[8] <- 0 # other treatments should be assigned to O.
mmu[9] <- 0
mmu[10] <- 0
mmu[11] <- 0
mmu[12] <- 0
mmu[13] <- 0
mmu[14] <- 0
mmu[1] ~ dnorm(0, 0.0001)
mmu[2] ~ dnorm(0, 0.0001)
mmu[3] ~ dnorm(0, 0.0001)
mmu[4] ~ dnorm(0, 0.0001)
mmu[6] ~ dnorm(0, 0.0001)
mmu[7] ~ dnorm(0, 0.0001)
sdmu ~ dunif(0.01, 2)
taumu <- 1/pow(sdmu,2)

d[1]<-0
for (kin 2:NT) {
d[k] ~ dnorm(0,0.0001)
ed[k] <- exp(d[K]) # ed is odds ratio against placebo

for(iin 1:(NT-1)) {
for(jin (i+1):NT) {
V[i,j] ~ dnorm(0, 8.32)
log(sd([i,j]) <- log(sd0) + V[i,j]
tauli,j] <- 1/pow(sd]i,j],2)
varli,j] <- pow(sd[i,j],2)

}
sd0 ~ dunif(0.01, 2)
var0 <- pow(sd0,2)
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# pairwise ORs
# Example: or[2,3] = odds ratio of active(2) vs. control(3)
for (kin 1:NT) {
for (cin 1:NT) {
lor[k,c] <- d[K] - d[c]
log(or[k,c]) <- lor[k,c]

}

# ranking
mP <- mmu[1l] # "mP" means the odds of placebo.

for (kin 1:NT) { logit(T[K]) <- mP + d[k] }
for (kin 1:NT) {
rk[k] <- NT + 1 - rank(T[],k)
best1[k] <- equals(rk[k],1)
best2[k] <- equals(rk[k],2)
best12[k] <- best1[k] + best2[K]
}
}

#Init

list(

d=c(NA,0,0,0,0, 0,0,0,0,0, 0,0,0,0),

sd0=1,

mu=¢(0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0,
0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0),
mmu=c(0,0,0,0,NA, 0,0,NA,NA,NA, NA,NA,NA,NA), sdmu=1

)

#Data

#Data

list(NT=14, NS=97)
r,1] n[,1] r,2] n[,2] r,3] n[,3] t[,1] t[,2] t[,3] naf]
17 83 34 83 NA 1 1 4 NA 2
18 61 26 55 NA 1 1 8 NA 2
0 14 2 14 NA 1 1 7 NA 2
15 22 14 22 NA 1 3 14 NA 2
24 48 31 46 NA 1 4 14 NA 2
1 16 6 16 NA 1 1 8 NA 2
45 75 44 74 NA 1 7 14 NA 2
818 11034 | 661 11037 | NA 1 1 NA 2
3 28 14 28 NA 1 6 NA 2
12 20 6 20 NA 1 4 12 NA 2
5 44 18 47 NA 1 4 NA 2
16 77 29 77 NA 1 1 NA 2
9 15 5 13 NA 1 4 NA 2
12 54 10 54 NA 1 4 NA 2
10 31 8 31 NA 1 7 11 NA 2
5 19 6 19 NA 1 1 6 NA 2




NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

14

11

13
13

14

14

13
10

13

13
13

11

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

48

17
96
47

36

14
34
25

23
70

43

23
36

35
44
37
60
98
66

135
19
26

275

123
60

14
93

184
58
21

386
22

140
384
32

15
45

85
67

59

169

26
10

48

25
17

10
13

33
17
16
14
10
19
25
14
26
32
40

141
50
23
10
23

112
37

188
21

55

30
28
41

24
78

48

18
48

47

36

15
37
13
23
37

43

23
32
34
15
37
60
45

69

135
21

27

270
116
60
14
84

200
57
19

372
22
73

372
27

13
45

85
58
65

178

12
10
15

13

10

24

34
61

125
32

18

112
12

93
20
25
16

27

31

37

24
99
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NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
12

11

12
14
14
14
12
14
12
10
14

14

13
11

14

14

11

11

17

144
60
50

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

62
28
22

165
24
53

194
40

91

28
43

31

24
33
35

29
72
36
17
30
75
48

37
33
11
29
40

12

14
30
38
18
23
27

48

24
62

112
22

144
60
50

64

18
47

15
20

13
14

10
12

20
20

28
14
16
11

17

10
10

18
13
16

40

58

50
38
21

163
25
16

197
40

84
11
28
43

31

33
34
29
71

36
17
30
75
54
36
33
13
29
40

12
14
30
35
14
22
32
47

24
20
36
19
49

60
50

50
11

48

16

17

19
24

12

11

12
16
11

10

11
18
13

END
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node
bestl1[1]
bestl1[2]
best1[3]
best1[4]
best1[5]
best1[6]
best1[7]
best1[8]
best1[9]
best1[10]
best1[11]
best1[12]
best1[13]
best1[14]
best2[1]
best2[2]
best2[3]
best2[4]
best2[5]
best2[6]
best2[7]
best2[8]
best2[9]
best2[10]
best2[11]
best2[12]
best2[13]
best2[14]
d2]

d[3]

d[4]

d[5]

d[6]

d[7]

d[8]

d[9]

d[10]
d[11]
d[12]
d[13]
d[14]
or[1,2]
or[1,3]
or[1,4]
or[1,5]
or[1,6]
or[1,7]
or[1,8]
or[1,9]
or[1,10]
or[1,11]
or[1,12]
or[1,13]
or[1,14]
or[2,1]
or[2,2]
or[2,3]
or[2,4]
or[2,5]

mean
0.0
0.0018
0.053
0.0014
0.7118
0.01
0.027
0.0018
0.0016
0.0048
0.1004
0.0584
4.0E-4
0.0276
0.0
0.0096
0.1468
0.0162
0.117
0.0454
0.149
0.0074
0.008
0.011
0.2504
0.12
0.0028
0.1164
0.9084
1.185
1.055
1.776
0.9348
1.226
0.7579
0.7709
0.4083
1.297
0.9983
0.6217
1.202
0.4107
0.3171
0.3536
0.1861
0.4104
0.2999
0.4837
0.4774
0.7342
0.2859
0.4132
0.558
0.3087
2.527
1.0
0.7985
0.8887
0.4699

sd
0.0
0.04239
0.224
0.03739
0.4529
0.0995
0.1621
0.04239
0.03997
0.06912
0.3005
0.2345
0.02
0.1638
0.0
0.09751
0.3539
0.1262
0.3214
0.2082
0.3561
0.0857
0.08908
0.1043
0.4332
0.325
0.05284
0.3207
0.1925
0.2705
0.1783
0.4397
0.2981
0.2077
0.2531
0.2503
0.4418
0.2976
0.4622
0.2782
0.2302
0.07978
0.08641
0.06348
0.08501
0.1244
0.06137
0.122
0.1225
0.3754
0.08863
0.2282
0.1563
0.07165
0.4929
0.0
0.2637
0.2173
0.2374

MC error 2.5%
1.414E-12 0.0

7.992E-4
0.004245
5.815E-4
0.01115

0.001563
0.002892
5.62E-4

6.033E-4
0.001058
0.006587
0.007058
2.817E-4
0.003541

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1.414E-12 0.0

0.001736
0.007527
0.002781
0.005758
0.003424
0.009166
0.001582
0.001439
0.001426
0.009641
0.008177
0.001012
0.006902
0.004303
0.009589
0.006629
0.01533

0.007378
0.007711
0.007698
0.007164
0.008455
0.009451
0.01963

0.008488
0.008453
0.001746
0.003069
0.002347
0.002623
0.003053
0.002257
0.003743
0.003379
0.006939
0.002711
0.009619
0.004771
0.002561
0.01111

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
0.5261
0.6785
0.712
0.9306
0.3516
0.8384
0.2864
0.2765
-0.4678
0.7107
-0.003467
0.09102
0.7564
0.2779
0.1781
0.2412
0.06825
0.2145
0.1887
0.2787
0.2838
0.2674
0.1542
0.1588
0.3033
0.1891
1.692

1.414E-12 1.0

0.007936
0.005923
0.006563

0.3947
0.5373
0.1602
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median
0.0

0.0

0.0

0.0

1.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
0.9094
1.175
1.054
1.767
0.9321
1.216
0.7527
0.7705
0.4051
1.297
1.02
0.6165
1.2
0.4029
0.309
0.3486
0.1709
0.3938
0.2966
0.4711
0.4628
0.667
0.2734
0.3605
0.5399
0.3013
2.483
1.0
0.7568
0.8614
0.4235

97.5%
0.0

0.0

1.0

0.0

1.0
0.0

1.0
0.0

0.0

0.0

1.0
1.0
0.0

1.0
0.0

0.0

1.0
0.0

1.0

1.0

1.0

0.0

0.0

0.0

1.0

1.0

0.0

1.0
1.281
1.726
1.422
2.685
154
1.668
1.279
1.26
1.321
1.87
1.843
1.194
1.667
0.5916
0.5075
0.4908
0.3954
0.704
0.433
0.7515
0.7587
1.6
0.4914
1.013
0.9146
0.4694
3.599
1.0
1.417
1.39
1.076

start

50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001

sample
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000



or[2,6]
or[2,7]
or[2,8]
or[2,9]
or[2,10]
or[2,11]
or[2,12]
or[2,13]
or[2,14]
or[3,1]
or[3,2]
or[3,3]
or[3,4]
or[3,5]
or[3,6]
or[3,7]
or[3,8]
or[3,9]
or[3,10]
or[3,11]
or[3,12]
or[3,13]
or[3,14]
or[4,1]
or[4,2]
or[4,3]
or[4,4]
or[4,5]
or[4,6]
or[4,7]
or[4,8]
or[4,9]
or[4,10]
or[4,11]
or[4,12]
or[4,13]
or[4,14]
or[5,1]
or[5,2]
or[5,3]
or[5,4]
or[5,5]
or[5,6]
or[5,7]
or[5,8]
or[5,9]
or[5,10]
or[5,11]
or[5,12]
or[5,13]
or[5,14]
or[6,1]
or[6,2]
or[6,3]
or[6,4]
or[6,5]
or[6,6]
or[6,7]
or[6,8]
or[6,9]
or[6,10]
or[6,11]

1.037
0.7558
1.211
1.193
1.855
0.7203
1.044
1.403
0.7778
3.393
1.388
1.0
1.189
0.6321
1.393
1.013
1.635
1.612
2.483
0.965
1.398
1.872
1.037
2919
1.192
0.918
1.0
0.5406
1.194
0.8661
1.398
1.39
2.142
0.8228
1.19
1.622
0.8858
6.531
2.677
2.07
2.295
1.0
2.672
1.955
3.15
3.11
4.801
1.851
2.688
3.622
2.012
2.664
1.094
0.8444
0.9382
0.4947
1.0
0.789
1.287
1.273
1.949
0.7575

0.3772
0.2085
0.3508
0.3377
1.019
0.2607
0.6237
0.4644
0.2281
0.9489
0.4632
0.0
0.3607
0.3542
0.589
0.3406
0.6102
0.5991
1.45
0.3987
0.8712
0.7018
0.3468
0.5273
0.2909
0.279
0.0
0.2626
0.4135
0.2015
0.3899
0.4264
1.163
0.2601
0.649
0.526
0.2016
3.288
1.456
1.221
1.197
0.0
1.621
1.066
1.794
1.795
3.679
1.08
2.076
2.123
1.125
0.8302
0.4074
0.3539
0.3281
0.2848
0.0
0.2674
0.5236
0.5417
1.22
0.3323

0.00904
0.006392
0.009806
0.008759
0.0183
0.007358
0.02546
0.01297
0.006172
0.03265
0.0145
1.414E-12
0.01263
0.01034
0.01761
0.01221
0.01852
0.01972
0.02967
0.012
0.03537
0.02272
0.01144
0.01958
0.007924
0.009932
1.414E-12
0.008061
0.01059
0.007501
0.01264
0.01383
0.02307
0.007328
0.02738
0.01662
0.006694
0.1157
0.04636
0.03897
0.03874
1.414E-12
0.04912
0.03516
0.05298
0.05865
0.1041
0.03124
0.07465
0.06779
0.03638
0.02023
0.009772
0.0103
0.007893
0.007716
1.414E-12
0.007402
0.01269
0.01404
0.02262
0.009191

0.4744
0.4223
0.6492
0.6598
0.6082
0.3401
0.3598
0.7018
0.4194
1.971
0.7068
1.0
0.6474
0.1933
0.5745
0.5044
0.7315
0.7551
0.762
0.4189
0.456
0.885
0.5139
2.038
0.7213
0.4985
1.0
0.1915
0.5746
0.5302
0.7829
0.7506
0.73
0.4335
0.4413
0.8185
0.5573
2.536
0.9294
0.6437
0.848
1.0
0.8174
0.6719
1.026
1.037
1.181
0.5856
0.6582
1.202
0.6848
1.421
0.5144
0.3536
0.4569
0.1509
1.0
0.392
0.5518
0.5703
0.5963
0.3127
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0.975
0.7321
1.172
1.15
1.652
0.678
0.9035
1.337
0.7468
3.237
1.321
1.0
1.142
0.5518
1.285
0.9566
1.534
1.507
2.195
0.8921
1.177
1.745
0.9821
2.869
l1.161
0.876
1.0
0.4879
1.133
0.8462
1.339
1.327
1.919
0.7845
1.043
1.556
0.8596
5.852
2.362
1.812
2.05
1.0
2.316
1.717
2.755
2.723
3.869
1.612
2.121
3.129
1.772
2.54
1.026
0.7785
0.8826
0.4319
1.0
0.7476
1.193
1.167
1.715
0.6934

1.946
1.239
2.017
1.954
4.231
1.341
2.669
2.49
1.309
5.616
2.534
1.0
2.01
1.558
2.834
1.854
3.121
3.099
5.918
1.94
3.648
3.534
1.84
4.147
1.862
1.546
1.0
1.182
2.19
1.334
2.297
2.418
4.846
1.434
2.855
2.871
1.336
14.66
6.308
5.204
5.231
1.0
6.636
4.553
7.529
7.501
13.77
451
8.163
8.84
4.766
4.664
2.118
1.742
1.742
1.228
1.0
1.431
2.541
2.605
4.644
1.566

50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001

5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000



or[6,12]
or[6,13]
or[6,14]
or[7,1]
or[7,2]
or[7,3]
or[7,4]
or[7,5]
or[7,6]
or[7,7]
or[7,8]
or[7,9]
or[7,10]
or[7,11]
or[7,12]
or[7,13]
or[7,14]
or[8,1]
or[8,2]
or[8,3]
or[8,4]
or[8,5]
or[8,6]
or[8,7]
or[8,8]
or[8,9]
or[8,10]
or[8,11]
or[8,12]
or[8,13]
or[8,14]
or[9,1]
or[9,2]
or[9,3]
or[9,4]
or[9,5]
or[9,6]
or[9,7]
or[9,8]
or[9,9]
or[9,10]
or[9,11]
or[9,12]
or[9,13]
or[9,14]
or[10,1]
or[10,2]
or[10,3]
or[10,4]
or[10,5]
or[10,6]
or[10,7]
or[10,8]
or[10,9]
or[10,10]
or[10,11]
or[10,12]
or[10,13]
or[10,14]
or[11,1]
or[11,2]
or[11,3]

1.095
1.485
0.818
3.482
1.426
1.098
1.217
0.647
1.411
1.0
1.674
1.661
2.553
0.9766
1.423
1.934
1.06
2.204
0.8973
0.6965
0.7711
0.4094
0.9033
0.6574
1.0
1.05
1.615
0.6274
0.9054
1.228
0.6759
2.231
0.9062
0.704
0.7865
0.4144
0.9146
0.6685
1.076
1.0
1.641
0.6371
0.9237
1.244
0.6879
1.664
0.6836
0.5274
0.5883
0.3081
0.6783
0.4985
0.8022
0.7965
1.0
0.4751
0.6889
0.9306
0.5118
3.823
1.566
1.206

0.7089
0.6386
0.3116
0.7557
0.4009
0.3688
0.2859
0.3291
0.4764
0.0
0.5254
0.5657
1.428
0.3159
0.8003
0.665
0.2863
0.5772
0.2697
0.262
0.2161
0.2198
0.3641
0.2102
0.0
0.3833
0.9471
0.2537
0.5685
0.4812
0.2259
0.5692
0.2606
0.2577
0.2391
0.2211
0.3637
0.2209
0.3838
0.0
0.9597
0.2566
0.6074
0.4858
0.2382
0.8586
0.3811
0.3216
0.3268
0.2156
0.3953
0.2829
0.462
0.4792
0.0
0.2925
0.5654
0.5706
0.2882
1.157
0.5627
0.4829

0.02537
0.01708
0.008111
0.02785
0.01212
0.01338
0.0103
0.009561
0.01345
1.414E-12
0.01659
0.01858
0.03081
0.01037
0.03107
0.01738
0.009835
0.01709
0.007155
0.008014
0.006836
0.005581
0.008663
0.006771
1.414E-12
0.01143
0.01815
0.00778
0.02015
0.01452
0.00673
0.01642
0.007071
0.008228
0.008152
0.006359
0.009147
0.008138
0.01124
1.414E-12
0.02114
0.008304
0.02518
0.01515
0.007871
0.01569
0.006752
0.006715
0.006384
0.005047
0.008176
0.005705
0.008587
0.01012
1.414E-12
0.005487
0.01655
0.01091
0.005148
0.03686
0.01629
0.01596

0.3425
0.6241
0.3773
2.313
0.8085
0.5396
0.7494
0.2199
0.7015
1.0
0.8696
0.8533
0.8536
0.508
0.5094
0.9433
0.6117
1.332
0.4966
0.322
0.4358
0.1328
0.3937
0.3444
1.0
0.5071
0.5219
0.2803
0.3116
0.5566
0.3414
1.319
0.5122
0.3233
0.4155
0.1334
0.384
0.3281
0.5047
1.0
0.5108
0.2724
0.2976
0.5491
0.3344
0.6264
0.237
0.169
0.2064
0.07301
0.2154
0.1705
0.264
0.2557
1.0
0.1491
0.1683
0.2922
0.1727
2.035
0.7472
0.5155
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0.9217
1.355
0.7668
3.372
1.366
1.045
1.182
0.5826
1.338
1.0
1.597
1.575
2.273
0.9282
1.232
1.829
1.019
2.123
0.8536
0.6517
0.7467
0.3629
0.8381
0.6262
1.0
0.9863
1.422
0.5797
0.7661
1.135
0.6409
2.161
0.8695
0.6636
0.7538
0.3675
0.8571
0.6354
1.014
1.0
1.434
0.5923
0.7858
1.161
0.6507
1.499
0.6054
0.4556
0.5211
0.2585
0.5832
0.44
0.7034
0.698
1.0
0.4092
0.5466
0.8073
0.4544
3.658
1.475
1121

2.939
3.133
1.595
5.3
2.369
1.984
1.887
1.49
2.553
1.0
2.905
3.051
5.905
1.727
3.579
3.519
1.733
3.592
1.544
1.368
1.278
0.9753
1.813
1.151
1.0
1.984
3.789
1.24
2.349
2.364
1.227
3.525
1.517
1.326
1.333
0.9641
1.758
1.172
1.976
1.0
3.911
1.292
2.318
2416
1.257
3.749
1.657
1.318
1.37
0.8507
1.683
1.176
1.917
1.959
1.0
1.201
2.14
2.271
1.236
6.489
2.942
2.388

50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001

5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000



or[11,4]
or[11,5]
or[11,6]
or[11,7]
or[11,8]
or[11,9]
or[11,10]
or[11,11]
or[11,12]
or[11,13]
or[11,14]
or[12,1]
or[12,2]
or[12,3]
or[12,4]
or[12,5]
or[12,6]
or[12,7]
or[12,8]
or[12,9]
or[12,10]
or[12,11]
or[12,12]
or[12,13]
or[12,14]
or[13,1]
or[13,2]
or[13,3]
or[13,4]
or[13,5]
or[13,6]
or[13,7]
or[13,8]
or[13,9]
or[13,10]
or[13,11]
or[13,12]
or[13,13]
or[13,14]
or[14,1]
or[14,2]
or[14,3]
or[14,4]
or[14,5]
or[14,6]
or[14,7]
or[14,8]
or[14,9]
or[14,10]
or[14,11]
or[14,12]
or[14,13]
or[14,14]

1.333
0.7085
1.56
1.125
1.841
1.825
2.807
1.0
1.569
2.121
1.148
3.002
1.233
0.9494
1.052
0.5581
1.228
0.8941
1.442
1.435
2.208
0.8539
1.0
1.666
0.9191
1.937
0.7908
0.6063
0.6818
0.3578
0.7931
0.5785
0.9342
0.923
1.425
0.55
0.7932
1.0
0.5942
3.415
1.399
1.073
1.187
0.6355
1.394
1.011
1.641
1.629
2.501
0.9504
1.393
1.896
1.0

0.4115
0.4024
0.6583
0.3488
0.7114
0.7421
1.726
0.0

1.0
0.8682
0.339
1.347
0.617
0.5025
0.4949
0.3784
0.6887
0.4358
0.7342
0.7677
1.646
0.4768
0.0
0.888
0.4596
0.5627
0.2642
0.22
0.2255
0.1932
0.3321
0.2018
0.3532
0.358
0.8753
0.2271
0.4827
0.0
0.2104
0.8001
0.4212
0.3607
0.2673
0.3385
0.5189
0.2683
0.5367
0.5675
1.404
0.298
0.7883
0.6794
0.0

0.0127
0.01146
0.01923
0.01153
0.02138
0.02217
0.03829
1.414E-12
0.03958
0.02563
0.01027
0.05696
0.02324
0.01938
0.0216
0.01416
0.0251
0.01756
0.02749
0.02954
0.04919
0.01929
1.414E-12
0.0304
0.01937
0.01684
0.006907
0.00689
0.007283
0.005586
0.008216
0.005565
0.01031
0.0105
0.01622
0.006472
0.01752
1.414E-12
0.005893
0.02964
0.01226
0.01288
0.008836
0.01012
0.01313
0.009559
0.01665
0.0181
0.0271
0.009145
0.03157
0.02013
1.414E-12

0.6975
0.2226
0.6386
0.5795
0.8076
0.7768
0.8325
1.0
0.4864
0.9066
0.6072
0.9965
0.3769
0.2742
0.3509
0.1234
0.3419
0.2797
0.4283
0.4343
0.4683
0.2462
1.0
0.4791
0.2843
1.095
0.402
0.2831
0.3488
0.1133
0.3198
0.2843
0.4232
0.4142
0.4407
0.2353
0.2565
1.0
0.2814
2.131
0.7642
0.5439
0.7488
0.2099
0.6273
0.5773
0.8154
0.7982
0.8112
0.5211
0.4801
0.9021
1.0

B-14

1.275
0.6203
1.442
1.078
1.726
1.689
2.444
1.0
1.325
1.971
111
2.774
1.107
0.85
0.9586
0.4716
1.085
0.8115
1.305
1.273
1.83
0.7546
1.0
1.496
0.8234
1.852
0.7482
0.5731
0.6429
0.3196
0.7383
0.547
0.8808
0.8613
1.239
0.5074
0.6683
1.0
0.5593
3.319
1.339
1.018
1.163
0.5646
1.304
0.9814
1.561
1.537
2.201
0.9005
1.214
1.788
1.0

231
1.712
3.207
1.969
3.575
3.682
6.721
1.0
4.072
4.26
1.922
6.314
2.787
2.193
2.268
1521
2.922
1.965
3.211
3.367
5.988
2.066
1.0
3.9
2.085
3.301
1.426
1.134
1.224
0.8332
1.61
1.061
1.804
1.823
3.434
1.106
2.088
1.0
111
5.296
2.387
1.948
1.794
1.461
2.652
1.635
2.93
2.996
5.796
1.651
3.526
3.557
1.0

50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001

5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000



# Model - heterogeneous random effects model
# Assume correlation within study (rho = 0.5)
# Assume heterogeneous between studies ;"sdmu” is (0.01, 5)

model {
for (i in 1:NS) {
s[i,1] <- 0
delta[i, t[i,1]] <- 0
mu[i] ~ dnorm(mmul(t[i,1]], taumu) # handle different baseline treatments

for (k in 1:nal[i]) {
r[i,k] ~ dbin(p[i,tfi,K]J, n[i,k])
logit(p[i,t[i,k]]) <- muli] + delta[i,t[ik]]

for (k in 2:na[i]) {
deltali,t[i,k]] ~ dnorm(md[i,t[i,k]], taud[it[i,k]])
md][i,t[i,K]] <- d[t[i,K]] - d[t[i,1]] + ss]i,k]
taud[i,t[i,k]] <- tau[t[i,1],t[i,K][*2*(k-1)/k
s[i,k] <- (deltali, t[i,k]] - d[t[i,k]] + d[t[i,1]])
ss[i,k] <- sum(s[i, 1:k-1])/(k-1)

}

}

mmu[5] <- 0 #Treatments 1,2,3,4,6,7 are one of baseline treatments.
mmu[8] <- 0 # other treatments should be assigned to 0.
mmu[9] <- 0
mmu[10] <- 0
mmu[11] <- 0
mmu[12] <- 0
mmu[13] <- 0
mmu[14] <- 0
mmu[1] ~ dnorm(0, 0.0001)
mmu[2] ~ dnorm(0, 0.0001)
mmu[3] ~ dnorm(0, 0.0001)
mmu[4] ~ dnorm(0, 0.0001)
mmu[6] ~ dnorm(0, 0.0001)
mmu[7] ~ dnorm(0, 0.0001)
sdmu ~ dunif(0.01, 5)
taumu <- 1/pow(sdmu,2)

d[1]<-0
for (kin 2:NT) {
d[k] ~ dnorm(0,0.0001)
ed[K] <- exp(d[K]) # ed is odds ratio against placebo

for(iin 1:(NT-1)) {
for(j in (i+1):NT) {
V[i,j] ~ dnorm(0, 8.32)
log(sd([i,j]) <- log(sd0) + V[i,j]
tauli,j] <- /pow(sd][i,j],2)
varli,j] <- pow(sd][i,j],2)
}

}
sdO ~ dunif(0.01, 2)
var0 <- pow(sd0,2)
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# pairwise ORs
# Example: or[2,3] = odds ratio of active(2) vs. control(3)
for (kin 1:NT) {
for (cin 1:NT) {
lor[k,c] <- d[K] - d[c]
log(orfk,c]) <- lor[k,c]

}

# ranking
mP <- mmu[1] # "mP" means the odds of placebo.

for (k in 1:NT) { logit(T[k]) <- mP + d[K] }
for (kin 1:NT) {

rk[k] <- NT + 1 - rank(T[],k)

best1[k] <- equals(rk[k],1)

best2[k] <- equals(rk[k],2)

best12[k] <- best1[k] + best2[K]

}

#Init

list(

d=c(NA,0,0,0,0, 0,0,0,0,0, 0,0,0,0),

sd0=1,

mu=c(0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0,
0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0),
mmu=c(0,0,0,0,NA, 0,0,NA,NA,NA, NA,NA,NA,NA), sdmu=1

)

#Data

#Data

list(NT=14, NS=97)

1] n[,1] r,2] n[,2] r,3] n[,3] t[,1] t[,2] t[,3] naf]
17 83 34 83 NA 1 1 4 NA 2
18 61 26 55 NA 1 1 8 NA 2
0 14 2 14 NA 1 1 7 NA 2
15 22 14 22 NA 1 3 14 NA 2
24 48 31 46 NA 1 4 14 NA 2
1 16 6 16 NA 1 1 8 NA 2
45 75 44 74 NA 1 7 14 NA 2
818 11034 661 11037 NA 1 1 NA 2
3 28 14 28 NA 1 6 NA 2
12 20 6 20 NA 1 4 12 NA 2
5 44 18 47 NA 1 4 7 NA 2
16 77 29 77 NA 1 1 NA 2
9 15 5 13 NA 1 4 7 NA 2
12 54 10 54 NA 1 4 NA 2
10 31 8 31 NA 1 7 11 NA 2
5 19 19 NA 1 1 6 NA 2
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NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

14

11

13
13

14

14

13
10

13

13
13

11

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

48

17
96
47

36

14
34
25

23
70

43

23
36

35
44
37
60
98
66

135
19
26

275

123
60

14
93

184
58
21

386
22

140
384
32

15
45

85
67

59

169

26
10

48

25
17

10
13

33
17
16
14
10
19
25
14
26
32
40

141
50
23
10
23

112
37

188
21

55

30
28
41

24
78

48

18
48

47

36

15
37
13
23
37

43

23
32
34
15
37
60
45

69

135
21

27

270
116
60
14
84

200
57
19

372
22
73

372
27

13
45

85
58
65

178

12
10
15

13

10

24

34
61

125
32

18

112
12

93
20
25
16

27

31

37

24
99
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NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
12

11

12
14
14
14
12
14
12
10
14

14

13
11

14

14

11

11

17

144
60
50

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

62
28
22

165
24
53

194
40

91

28
43

31

24
33
35

29
72
36
17
30
75
48

37
33
11
29
40

12

14
30
38
18
23
27

48

24
62

112
22

144
60
50

64

18
47

15
20

13
14

10
12

20
20

28
14
16
11

17

10
10

18
13
16

40

58

50
38
21

163
25
16

197
40

84
11
28
43

31

33
34
29
71

36
17
30
75
54
36
33
13
29
40

12
14
30
35
14
22
32
47

24
20
36
19
49

60
50

50
11

48

16

17

19
24

12

11

12
16
11

10

11
18
13

END
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node
bestl1[1]
bestl1[2]
best1[3]
best1[4]
best1[5]
best1[6]
best1[7]
best1[8]
best1[9]
best1[10]
best1[11]
best1[12]
best1[13]
best1[14]
best2[1]
best2[2]
best2[3]
best2[4]
best2[5]
best2[6]
best2[7]
best2[8]
best2[9]
best2[10]
best2[11]
best2[12]
best2[13]
best2[14]
d2]
d[3]
d[4]
d[5]
d[6]
d[7]
d[8]
d[9]
d[10]
d[11]
d[12]
d[13]
d[14]
or[1,2]
or[1,3]
or[1,4]
or[1,5]
or[1,6]
or[1,7]
or[1,8]
or[1,9]
or[1,10]
or[1,11]
or[1,12]
or[1,13]
or[1,14]
or[2,1]
or[2,2]
or[2,3]
or[2,4]
or[2,5]

mean
0.0
0.0018
0.053
0.0014
0.7118
0.01
0.027
0.0018
0.0016
0.0048
0.1004
0.0584
4.0E-4
0.0276
0.0
0.0096
0.1468
0.0162
0.117
0.0454
0.149
0.0074
0.008
0.011
0.2504
0.12
0.0028
0.1164
0.9084
1.185
1.055
1.776
0.9348
1.226
0.7579
0.7709
0.4083
1.297
0.9983
0.6217
1.202
0.4107
0.3171
0.3536
0.1861
0.4104
0.2999
0.4837
0.4774
0.7342
0.2859
0.4132
0.558
0.3087
2.527
1.0
0.7985
0.8887
0.4699

sd
0.0
0.04239
0.224
0.03739
0.4529
0.0995
0.1621
0.04239
0.03997
0.06912
0.3005
0.2345
0.02
0.1638
0.0
0.09751
0.3539
0.1262
0.3214
0.2082
0.3561
0.0857
0.08908
0.1043
0.4332
0.325
0.05284
0.3207
0.1925
0.2705
0.1783
0.4397
0.2981
0.2077
0.2531
0.2503
0.4418
0.2976
0.4622
0.2782
0.2302
0.07978
0.08641
0.06348
0.08501
0.1244
0.06137
0.122
0.1225
0.3754
0.08863
0.2282
0.1563
0.07165
0.4929
0.0
0.2637
0.2173
0.2374

MC error 2.5%
1.414E-12 0.0

7.992E-4
0.004245
5.815E-4
0.01115

0.001563
0.002892
5.62E-4

6.033E-4
0.001058
0.006587
0.007058
2.817E-4
0.003541

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1.414E-12 0.0

0.001736
0.007527
0.002781
0.005758
0.003424
0.009166
0.001582
0.001439
0.001426
0.009641
0.008177
0.001012
0.006902
0.004303
0.009589
0.006629
0.01533

0.007378
0.007711
0.007698
0.007164
0.008455
0.009451
0.01963

0.008488
0.008453
0.001746
0.003069
0.002347
0.002623
0.003053
0.002257
0.003743
0.003379
0.006939
0.002711
0.009619
0.004771
0.002561
0.01111

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
0.5261
0.6785
0.712
0.9306
0.3516
0.8384
0.2864
0.2765
-0.4678
0.7107
-0.003467
0.09102
0.7564
0.2779
0.1781
0.2412
0.06825
0.2145
0.1887
0.2787
0.2838
0.2674
0.1542
0.1588
0.3033
0.1891
1.692

1.414E-12 1.0

0.007936
0.005923
0.006563

0.3947
0.5373
0.1602
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median
0.0

0.0

0.0

0.0

1.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
0.9094
1.175
1.054
1.767
0.9321
1.216
0.7527
0.7705
0.4051
1.297
1.02
0.6165
1.2
0.4029
0.309
0.3486
0.1709
0.3938
0.2966
0.4711
0.4628
0.667
0.2734
0.3605
0.5399
0.3013
2.483
1.0
0.7568
0.8614
0.4235

97.5%
0.0

0.0

1.0

0.0

1.0

0.0

1.0

0.0

0.0

0.0

1.0
1.0
0.0

1.0
0.0

0.0

1.0
0.0

1.0

1.0

1.0

0.0

0.0

0.0

1.0

1.0

0.0

1.0
1.281
1.726
1.422
2.685
154
1.668
1.279
1.26
1.321
1.87
1.843
1.194
1.667
0.5916
0.5075
0.4908
0.3954
0.704
0.433
0.7515
0.7587
1.6
0.4914
1.013
0.9146
0.4694
3.599
1.0
1.417
1.39
1.076

start

50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001

sample
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000



or[2,6]
or[2,7]
or[2,8]
or[2,9]
or[2,10]
or[2,11]
or[2,12]
or[2,13]
or[2,14]
or[3,1]
or[3,2]
or[3,3]
or[3,4]
or[3,5]
or[3,6]
or[3,7]
or[3,8]
or[3,9]
or[3,10]
or[3,11]
or[3,12]
or[3,13]
or[3,14]
or[4,1]
or[4,2]
or[4,3]
or[4,4]
or[4,5]
or[4,6]
or[4,7]
or[4,8]
or[4,9]
or[4,10]
or[4,11]
or[4,12]
or[4,13]
or[4,14]
or[5,1]
or[5,2]
or[5,3]
or[5,4]
or[5,5]
or[5,6]
or[5,7]
or[5,8]
or[5,9]
or[5,10]
or[5,11]
or[5,12]
or[5,13]
or[5,14]
or[6,1]
or[6,2]
or[6,3]
or[6,4]
or[6,5]
or[6,6]
or[6,7]
or[6,8]
or[6,9]
or[6,10]
or[6,11]

1.037
0.7558
1.211
1.193
1.855
0.7203
1.044
1.403
0.7778
3.393
1.388
1.0
1.189
0.6321
1.393
1.013
1.635
1.612
2.483
0.965
1.398
1.872
1.037
2919
1.192
0.918
1.0
0.5406
1.194
0.8661
1.398
1.39
2.142
0.8228
1.19
1.622
0.8858
6.531
2.677
2.07
2.295
1.0
2.672
1.955
3.15
3.11
4.801
1.851
2.688
3.622
2.012
2.664
1.094
0.8444
0.9382
0.4947
1.0
0.789
1.287
1.273
1.949
0.7575

0.3772
0.2085
0.3508
0.3377
1.019
0.2607
0.6237
0.4644
0.2281
0.9489
0.4632
0.0
0.3607
0.3542
0.589
0.3406
0.6102
0.5991
1.45
0.3987
0.8712
0.7018
0.3468
0.5273
0.2909
0.279
0.0
0.2626
0.4135
0.2015
0.3899
0.4264
1.163
0.2601
0.649
0.526
0.2016
3.288
1.456
1.221
1.197
0.0
1.621
1.066
1.794
1.795
3.679
1.08
2.076
2.123
1.125
0.8302
0.4074
0.3539
0.3281
0.2848
0.0
0.2674
0.5236
0.5417
1.22
0.3323

0.00904
0.006392
0.009806
0.008759
0.0183
0.007358
0.02546
0.01297
0.006172
0.03265
0.0145
1.414E-12
0.01263
0.01034
0.01761
0.01221
0.01852
0.01972
0.02967
0.012
0.03537
0.02272
0.01144
0.01958
0.007924
0.009932
1.414E-12
0.008061
0.01059
0.007501
0.01264
0.01383
0.02307
0.007328
0.02738
0.01662
0.006694
0.1157
0.04636
0.03897
0.03874
1.414E-12
0.04912
0.03516
0.05298
0.05865
0.1041
0.03124
0.07465
0.06779
0.03638
0.02023
0.009772
0.0103
0.007893
0.007716
1.414E-12
0.007402
0.01269
0.01404
0.02262
0.009191

0.4744
0.4223
0.6492
0.6598
0.6082
0.3401
0.3598
0.7018
0.4194
1.971
0.7068
1.0
0.6474
0.1933
0.5745
0.5044
0.7315
0.7551
0.762
0.4189
0.456
0.885
0.5139
2.038
0.7213
0.4985
1.0
0.1915
0.5746
0.5302
0.7829
0.7506
0.73
0.4335
0.4413
0.8185
0.5573
2.536
0.9294
0.6437
0.848
1.0
0.8174
0.6719
1.026
1.037
1.181
0.5856
0.6582
1.202
0.6848
1.421
0.5144
0.3536
0.4569
0.1509
1.0
0.392
0.5518
0.5703
0.5963
0.3127
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0.975
0.7321
1.172
1.15
1.652
0.678
0.9035
1.337
0.7468
3.237
1.321
1.0
1.142
0.5518
1.285
0.9566
1.534
1.507
2.195
0.8921
1.177
1.745
0.9821
2.869
l1.161
0.876
1.0
0.4879
1.133
0.8462
1.339
1.327
1.919
0.7845
1.043
1.556
0.8596
5.852
2.362
1.812
2.05
1.0
2.316
1.717
2.755
2.723
3.869
1.612
2.121
3.129
1.772
2.54
1.026
0.7785
0.8826
0.4319
1.0
0.7476
1.193
1.167
1.715
0.6934

1.946
1.239
2.017
1.954
4.231
1.341
2.669
2.49
1.309
5.616
2.534
1.0
2.01
1.558
2.834
1.854
3.121
3.099
5.918
1.94
3.648
3.534
1.84
4.147
1.862
1.546
1.0
1.182
2.19
1.334
2.297
2.418
4.846
1.434
2.855
2.871
1.336
14.66
6.308
5.204
5.231
1.0
6.636
4.553
7.529
7.501
13.77
451
8.163
8.84
4.766
4.664
2.118
1.742
1.742
1.228
1.0
1.431
2.541
2.605
4.644
1.566

50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001

5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000



or[6,12]
or[6,13]
or[6,14]
or[7,1]
or[7,2]
or[7,3]
or[7,4]
or[7,5]
or[7,6]
or[7,7]
or[7,8]
or[7,9]
or[7,10]
or[7,11]
or[7,12]
or[7,13]
or[7,14]
or[8,1]
or[8,2]
or[8,3]
or[8,4]
or[8,5]
or[8,6]
or[8,7]
or[8,8]
or[8,9]
or[8,10]
or[8,11]
or[8,12]
or[8,13]
or[8,14]
or[9,1]
or[9,2]
or[9,3]
or[9,4]
or[9,5]
or[9,6]
or[9,7]
or[9,8]
or[9,9]
or[9,10]
or[9,11]
or[9,12]
or[9,13]
or[9,14]
or[10,1]
or[10,2]
or[10,3]
or[10,4]
or[10,5]
or[10,6]
or[10,7]
or[10,8]
or[10,9]
or[10,10]
or[10,11]
or[10,12]
or[10,13]
or[10,14]
or[11,1]
or[11,2]
or[11,3]

1.095
1.485
0.818
3.482
1.426
1.098
1.217
0.647
1.411
1.0
1.674
1.661
2.553
0.9766
1.423
1.934
1.06
2.204
0.8973
0.6965
0.7711
0.4094
0.9033
0.6574
1.0
1.05
1.615
0.6274
0.9054
1.228
0.6759
2.231
0.9062
0.704
0.7865
0.4144
0.9146
0.6685
1.076
1.0
1.641
0.6371
0.9237
1.244
0.6879
1.664
0.6836
0.5274
0.5883
0.3081
0.6783
0.4985
0.8022
0.7965
1.0
0.4751
0.6889
0.9306
0.5118
3.823
1.566
1.206

0.7089
0.6386
0.3116
0.7557
0.4009
0.3688
0.2859
0.3291
0.4764
0.0
0.5254
0.5657
1.428
0.3159
0.8003
0.665
0.2863
0.5772
0.2697
0.262
0.2161
0.2198
0.3641
0.2102
0.0
0.3833
0.9471
0.2537
0.5685
0.4812
0.2259
0.5692
0.2606
0.2577
0.2391
0.2211
0.3637
0.2209
0.3838
0.0
0.9597
0.2566
0.6074
0.4858
0.2382
0.8586
0.3811
0.3216
0.3268
0.2156
0.3953
0.2829
0.462
0.4792
0.0
0.2925
0.5654
0.5706
0.2882
1.157
0.5627
0.4829

0.02537
0.01708
0.008111
0.02785
0.01212
0.01338
0.0103
0.009561
0.01345
1.414E-12
0.01659
0.01858
0.03081
0.01037
0.03107
0.01738
0.009835
0.01709
0.007155
0.008014
0.006836
0.005581
0.008663
0.006771
1.414E-12
0.01143
0.01815
0.00778
0.02015
0.01452
0.00673
0.01642
0.007071
0.008228
0.008152
0.006359
0.009147
0.008138
0.01124
1.414E-12
0.02114
0.008304
0.02518
0.01515
0.007871
0.01569
0.006752
0.006715
0.006384
0.005047
0.008176
0.005705
0.008587
0.01012
1.414E-12
0.005487
0.01655
0.01091
0.005148
0.03686
0.01629
0.01596

0.3425
0.6241
0.3773
2.313
0.8085
0.5396
0.7494
0.2199
0.7015
1.0
0.8696
0.8533
0.8536
0.508
0.5094
0.9433
0.6117
1.332
0.4966
0.322
0.4358
0.1328
0.3937
0.3444
1.0
0.5071
0.5219
0.2803
0.3116
0.5566
0.3414
1.319
0.5122
0.3233
0.4155
0.1334
0.384
0.3281
0.5047
1.0
0.5108
0.2724
0.2976
0.5491
0.3344
0.6264
0.237
0.169
0.2064
0.07301
0.2154
0.1705
0.264
0.2557
1.0
0.1491
0.1683
0.2922
0.1727
2.035
0.7472
0.5155
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0.9217
1.355
0.7668
3.372
1.366
1.045
1.182
0.5826
1.338
1.0
1.597
1.575
2.273
0.9282
1.232
1.829
1.019
2.123
0.8536
0.6517
0.7467
0.3629
0.8381
0.6262
1.0
0.9863
1.422
0.5797
0.7661
1.135
0.6409
2.161
0.8695
0.6636
0.7538
0.3675
0.8571
0.6354
1.014
1.0
1.434
0.5923
0.7858
1.161
0.6507
1.499
0.6054
0.4556
0.5211
0.2585
0.5832
0.44
0.7034
0.698
1.0
0.4092
0.5466
0.8073
0.4544
3.658
1.475
1121

2.939
3.133
1.595
5.3
2.369
1.984
1.887
1.49
2.553
1.0
2.905
3.051
5.905
1.727
3.579
3.519
1.733
3.592
1.544
1.368
1.278
0.9753
1.813
1.151
1.0
1.984
3.789
1.24
2.349
2.364
1.227
3.525
1.517
1.326
1.333
0.9641
1.758
1.172
1.976
1.0
3.911
1.292
2.318
2416
1.257
3.749
1.657
1.318
1.37
0.8507
1.683
1.176
1.917
1.959
1.0
1.201
2.14
2.271
1.236
6.489
2.942
2.388

50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001

5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000



or[11,4]
or[11,5]
or[11,6]
or[11,7]
or[11,8]
or[11,9]
or[11,10]
or[11,11]
or[11,12]
or[11,13]
or[11,14]
or[12,1]
or[12,2]
or[12,3]
or[12,4]
or[12,5]
or[12,6]
or[12,7]
or[12,8]
or[12,9]
or[12,10]
or[12,11]
or[12,12]
or[12,13]
or[12,14]
or[13,1]
or[13,2]
or[13,3]
or[13,4]
or[13,5]
or[13,6]
or[13,7]
or[13,8]
or[13,9]
or[13,10]
or[13,11]
or[13,12]
or[13,13]
or[13,14]
or[14,1]
or[14,2]
or[14,3]
or[14,4]
or[14,5]
or[14,6]
or[14,7]
or[14,8]
or[14,9]
or[14,10]
or[14,11]
or[14,12]
or[14,13]
or[14,14]

1.333
0.7085
1.56
1.125
1.841
1.825
2.807
1.0
1.569
2.121
1.148
3.002
1.233
0.9494
1.052
0.5581
1.228
0.8941
1.442
1.435
2.208
0.8539
1.0
1.666
0.9191
1.937
0.7908
0.6063
0.6818
0.3578
0.7931
0.5785
0.9342
0.923
1.425
0.55
0.7932
1.0
0.5942
3.415
1.399
1.073
1.187
0.6355
1.394
1.011
1.641
1.629
2.501
0.9504
1.393
1.896
1.0

0.4115
0.4024
0.6583
0.3488
0.7114
0.7421
1.726
0.0

1.0
0.8682
0.339
1.347
0.617
0.5025
0.4949
0.3784
0.6887
0.4358
0.7342
0.7677
1.646
0.4768
0.0
0.888
0.4596
0.5627
0.2642
0.22
0.2255
0.1932
0.3321
0.2018
0.3532
0.358
0.8753
0.2271
0.4827
0.0
0.2104
0.8001
0.4212
0.3607
0.2673
0.3385
0.5189
0.2683
0.5367
0.5675
1.404
0.298
0.7883
0.6794
0.0

0.0127
0.01146
0.01923
0.01153
0.02138
0.02217
0.03829
1.414E-12
0.03958
0.02563
0.01027
0.05696
0.02324
0.01938
0.0216
0.01416
0.0251
0.01756
0.02749
0.02954
0.04919
0.01929
1.414E-12
0.0304
0.01937
0.01684
0.006907
0.00689
0.007283
0.005586
0.008216
0.005565
0.01031
0.0105
0.01622
0.006472
0.01752
1.414E-12
0.005893
0.02964
0.01226
0.01288
0.008836
0.01012
0.01313
0.009559
0.01665
0.0181
0.0271
0.009145
0.03157
0.02013
1.414E-12

0.6975
0.2226
0.6386
0.5795
0.8076
0.7768
0.8325
1.0
0.4864
0.9066
0.6072
0.9965
0.3769
0.2742
0.3509
0.1234
0.3419
0.2797
0.4283
0.4343
0.4683
0.2462
1.0
0.4791
0.2843
1.095
0.402
0.2831
0.3488
0.1133
0.3198
0.2843
0.4232
0.4142
0.4407
0.2353
0.2565
1.0
0.2814
2.131
0.7642
0.5439
0.7488
0.2099
0.6273
0.5773
0.8154
0.7982
0.8112
0.5211
0.4801
0.9021
1.0
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1.275
0.6203
1.442
1.078
1.726
1.689
2.444
1.0
1.325
1.971
111
2.774
1.107
0.85
0.9586
0.4716
1.085
0.8115
1.305
1.273
1.83
0.7546
1.0
1.496
0.8234
1.852
0.7482
0.5731
0.6429
0.3196
0.7383
0.547
0.8808
0.8613
1.239
0.5074
0.6683
1.0
0.5593
3.319
1.339
1.018
1.163
0.5646
1.304
0.9814
1.561
1.537
2.201
0.9005
1.214
1.788
1.0

231
1.712
3.207
1.969
3.575
3.682
6.721
1.0
4.072
4.26
1.922
6.314
2.787
2.193
2.268
1521
2.922
1.965
3.211
3.367
5.988
2.066
1.0
3.9
2.085
3.301
1.426
1.134
1.224
0.8332
1.61
1.061
1.804
1.823
3.434
1.106
2.088
1.0
111
5.296
2.387
1.948
1.794
1.461
2.652
1.635
2.93
2.996
5.796
1.651
3.526
3.557
1.0

50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001

5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000



Outcome- treatment discontinuation due to intolerable adverse effects
# Model - heterogeneous random effects model

# Assume correlation within study (rho = 0.5)

# Assume heterogeneous between

model {
for (i in 1:NS) {
s[i,1] <- 0
delta[i, t[i,1]] <- 0
mul[i] ~ dnorm(mmul[t[i,1]], taumu) # handle different baseline treatments

for (k in 1:na[i]) {
ri,k] ~ dbin(p[i,t[i,k]], nfi,k])
logit(p[i,t[i,k]]) <- mul[i] + deltal[i,t[i,k]]

for (k in 2:nali]) {
delta[it[i,k]] ~ dnorm(md[i,t[i,k]], taud[i,t[i,K]])
md[i,t[i,K]] <- d[t[i,Kk]] - d[t[i,2]] + ss[i,k]
taud[i,t[i,k]] <- tau[tfi,1],t[i,k]1*2*(k-1)/k
s[i,k] <- (deltal[i, t[i,K]] - d[t[i,k]] + d[t[i,1]])
ss[i,k] <- sum(s[i, 1:k-1])/(k-1)

}

mmu[5] <- 0 #Treatments 1,2,3,4,6,7 are one of baseline treatments.
mmu[8] <- 0 # other treatments should be assigned to 0.
mmu[9] <- 0
mmu[10] <- 0
mmu[11] <- 0
mmu[12] <- 0
mmu[13] <- 0
mmu[14] <- 0
mmu[1] ~ dnorm(0, 0.0001)
mmu[2] ~ dnorm(0, 0.0001)
mmu[3] ~ dnorm(0, 0.0001)
mmu[4] ~ dnorm(0, 0.0001)
mmu[6] ~ dnorm(0, 0.0001)
mmu[7] ~ dnorm(0, 0.0001)
sdmu ~ dunif(0.01, 2)
taumu <- 1/pow(sdmu,2)

d[1]<-0
for (kin 2:NT) {
d[k] ~ dnorm(0,0.0001)
ed[k] <- exp(d[Kk]) # ed is odds ratio against placebo

for(iin 1:(NT-1)) {
for(j in (i+1):NT) {
V[i,j] ~ dnorm(0, 8.32)
log(sd[i,j]) <- log(sd0) + V[i,j]
tauli,j] <- 1/pow(sd][i,j],2)
varli,j] <- pow(sd[i,j],2)

}
sd0 ~ dunif(0.01, 2)
var0 <- pow(sd0,2)

# pairwise ORs
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# Example: or[2,3] = odds ratio of active(2) vs. control(3)
for (kin 1:NT) {
for (c in 1:NT) {
lor[k,c] <- d[K] - d[c]
log(orfk,c]) <- lor[k,c]

}

# ranking
mP <- mmu[1l] # "mP" means the odds of placebo.

for (k in 1:NT) { logit(T[k]) <- mP + d[k] }
for (kin 1:NT) {
rk[k] <- NT + 1 - rank(T[],k)
best1[k] <- equals(rk[k],1)
best2[k] <- equals(rk[k],2)
best12[k] <- best1[k] + best2[K]
}
}

#Init

list(

d=c(NA,0,0,0,0, 0,0,0,0,0, 0,0,0,0),

sd0=1,

mu=¢(0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0,
0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0),

mmu=c(0,0,0,0,NA, 0,0,NA,NA,NA, NA,NA,NA,NA), sdmu=1

)

#Data

#Data

list(NT=14, NS=68)

r[,1] n[,1] r[,2] n[,2] 1[,3] n[,3] t[,1] t[,2] t[,3] na[]

1 96 2 96 | NA 1 1 12 | NA 2
2 61 5 55 | NA 1 1 NA 2
1 83 6 83 | NA 1 1 NA 2
3 48 5 46 | NA 1 5 14 | NA 2
2 32 1 32 | NA 1 1 3 | NA 2
1 75 10 74 | NA 1 7 14 | NA 2
5 20 13 20 | NA 1 5 9 | NA 2
5 24 9 31 | NA 1 1 5| NA 2
4 46 3 43 | NA 1 1 9 | NA 2
4 44 2 47 | NA 1 5 7 | NA 2
2 34 4 31 | NA 1 1 8 | NA 2
0 31 4 31 [ NA 1 7 12 | NA 2
0 48 1 48 | NA 1 1 4 | NA 2
2 74 1 74 | NA 1 1 10 | NA 2
0 47 2 47 | NA 1 1 NA 2
1 37 1 34 | NA 1 1 NA 2
2 37 9 70 | NA 1 1 NA 2
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NA

NA
NA
NA
NA
NA

NA

NA

NA

NA
NA
NA
NA

NA

NA

NA

NA
NA
NA
NA

NA

NA

NA

13 | NA
13 | NA

14 | NA
10 | NA

14 | NA

13 | NA

13 | NA

13 | NA

13 | NA

13 | NA

12 | NA
11 | NA

11 | NA

10 | NA

10 | NA
14 | NA
10 | NA

1
1

13

5

5

1

1

2

3

1

1
1

1

1

1
13

8

60

43 | NA
43 | NA
35 | NA
18 | NA
77 | NA
37 | NA
27 | NA
98 | NA
66 | NA
20 | NA
26 | NA

275 | NA

123 | NA

72 | NA
34 | NA
93 | NA
58 | NA
30 | NA

140 | NA

165 | NA

60
391 | NA

45 | NA
85 | NA
67 | NA
28 | NA
59 | NA

169 | NA

188 | NA

194 | NA

28 | NA
71 | NA
38 | NA
33 | NA
40 | NA
72 | NA
45 | NA
24 | NA
75 | NA
48 | NA
20 | NA

4
3
3
7
7
1
4

16
1
4
9

19

10
9
6
2
3
9

21

18

96

0
8
2
4
2
38
21

23

3
2
2
0
1
0
0
5
12

0
2

43

38
34

40

38
37

26
45

69
20
27
270

116

64
36

84
57
20
73
163

60
383

45

85
58
24
65
178
197
197

28
71

38
33
40

72
45

24
75
54
21

18

10

10

41

10

35
18
13
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0 29 3 29 | NA 1 5 NA 2
2 30 3 29 | NA 1 1 NA 2
1 14 2 18 | NA 1 9 14 | NA 2
1 22 2 23 | NA 1 1 4 | NA 2
1 46 2 46 | NA 1 1 11 | NA 2
3 32 2 27 | NA 1 5 14 | NA 2
2 20 13 62 | NA 1 1 4 | NA 2
1 13 0 15 | NA 1 2 4 | NA 2
0 63 18 63 | NA 1 7 8 | NA 2
3 48 3 44 9 49 5 8 10 3
END
node mean sd MC error 2.5% median  97.5% start
bestl[l] 0.0 0.0 1.414E-12 0.0 0.0 0.0 50001
bestl[2] 0.0516 0.2212 0.005231 0.0 0.0 1.0 50001
bestl[3] 0.0342 0.1817 0.005157 0.0 0.0 1.0 50001
bestl[4] 0.141 0.348 0.01226 0.0 0.0 1.0 50001
bestl[5] 4.0E-4 0.02 2.777E-4 0.0 0.0 0.0 50001
bestl[6] 0.3646 0.4813 0.02054 0.0 0.0 1.0 50001
bestl[7] 0.0 0.0 1.414E-12 0.0 0.0 0.0 50001
best1[8] 0.0412 0.1988 0.005382 0.0 0.0 1.0 50001
bestl[9] 0.086 0.2804 0.008756 0.0 0.0 1.0 50001
best1[10] 0.0072 0.08455 0.001747 0.0 0.0 0.0 50001
best1[11] 0.0628 0.2426 0.006461 0.0 0.0 1.0 50001
best1[12] 0.1846 0.388 0.01594 0.0 0.0 1.0 50001
best1[13] 0.0258 0.1585 0.004967 0.0 0.0 1.0 50001
best1[14] 6.0E-4 0.02449 3.425E-4 0.0 0.0 0.0 50001
best2[1] 0.0 0.0 1.414E-12 0.0 0.0 0.0 50001
best2[2] 0.1248 0.3305 0.0074 0.0 0.0 1.0 50001
best2[3] 0.0636 0.244 0.006352 0.0 0.0 1.0 50001
best2[4] 0.217 0.4122 0.009941 0.0 0.0 1.0 50001
best2[5] 0.0018 0.04239 7.449E-4 0.0 0.0 0.0 50001
best2[6] 0.0896 0.2856 0.006711 0.0 0.0 1.0 50001
best2[7] 0.0 0.0 1.414E-12 0.0 0.0 0.0 50001
best2[8] 0.1068 0.3089 0.007261 0.0 0.0 1.0 50001
best2[9] 0.1178 0.3224 0.007583 0.0 0.0 1.0 50001
best2[10] 0.0202 0.1407 0.0025 0.0 0.0 0.0 50001
best2[11] 0.0754 0.264 0.007277 0.0 0.0 1.0 50001
best2[12] 0.1272 0.3332 0.007916 0.0 0.0 1.0 50001
best2[13] 0.0546 0.2272 0.006064 0.0 0.0 1.0 50001
best2[14] 0.0012 0.03462 6.173E-4 0.0 0.0 0.0 50001
d[2] 0.8963 0.2501 0.009435 0.4273 0.89 1.407 50001
d[3] 0.6082 0.4409 0.0188 -0.2297  0.6022 1.511 50001
d[4] 1.027 0.3391 0.01314 0.3538 1.028 1.68 50001
d[5] 0.1538 0.3677 0.01435 -0.6101 0.1626 0.8581 50001
d[6] 0.9581 1.389 0.06647 -1.836 0.9836 3.633 50001
d[7] -1.279 0.5862 0.03166 -2.576 -1.248 -0.2382 50001
d[8] 0.835 0.2937 0.01077 0.2566 0.8366 1.412 50001
d[9] 0.7311 0.5374 0.02237 -0.4009 0.7564 1.73 50001
d[10] 0.3228 0.4516 0.01741 -0.6187 0.3393 1.142 50001
d[11] 0.3754 0.7572 0.03379 -1.117 0.3614 1.872 50001
d[12] 0.8049 0.774 0.0374 -0.7337 0.7941 2.314 50001
d[13] 0.6026 0.3885 0.01581 -0.1822 0.6048 1.338 50001
d[14] -0.1252  0.4832 0.01961 -1.104 -0.1081  0.8008 50001
or[1,2] 0.4209 0.1051 0.003949 0.2449 0.4107 0.6522 50001
or[1,3] 0.5994 0.2768 0.01133 0.2221 0.5476 1.259 50001
or[1,4] 0.3793 0.134 0.005079 0.1865 0.3577 0.7047 50001
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sample
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000



or[1,5]
or[1,6]
or[1,7]
or[1,8]
or[1,9]
or[1,10]
or[1,11]
or[1,12]
or[1,13]
or[1,14]
or[2,1]
or[2,2]
or[2,3]
or[2,4]
or[2,5]
or[2,6]
or[2,7]
or[2,8]
or[2,9]
or[2,10]
or[2,11]
or[2,12]
or[2,13]
or[2,14]
or[3,1]
or[3,2]
or[3,3]
or[3,4]
or[3,5]
or[3,6]
or[3,7]
or[3,8]
or[3,9]
or[3,10]
or[3,11]
or[3,12]
or[3,13]
or[3,14]
or[4,1]
or[4,2]
or[4,3]
or[4,4]
or[4,5]
or[4,6]
or[4,7]
or[4,8]
or[4,9]
or[4,10]
or[4,11]
or[4,12]
or[4,13]
or[4,14]
or[5,1]
or[5,2]
or[5,3]
or[5,4]
or[5,5]
or[5,6]
or[5,7]
or[5,8]
or[5,9]
or[5,10]

0.9189
1.084
4.363
0.453
0.5604
0.8048
0.9148
0.6052
0.5906
1.28
2.53
1.0
151
0.9466
231
2.707
11.02
1.13
1.423
2.036
2.333
1.532
1.488
3.228
2.029
0.8534
1.0
0.7713
1.822
2.101
8.794
0.9127
1.124
1.625
1.871
121
1.165
2.542
2.959
1.228
1.773
1.0
2.701
3.143
12.89
1.33
1.648
2.379
2.688
1.812
1.742
3.763
1.246
0.5213
0.7281
0.4689
1.0
1.329
5.09
0.5502
0.6607
0.9541

0.3654
3.244
3.563
0.136
0.3592
0.4076
0.8
0.5691
0.2411
0.7213
0.6745
0.0
0.7924
0.3925
11
7.211
9.848
0.422
1.063
1.211
2.279
1.555
0.7274
2.05
0.9873
0.4911
0.0
0.4993
1.115
6.734
9.033
0.5196
0.932
1191
2.119
1.407
0.7054
1.936
1.048
0.4945
1.08
0.0
1.453
10.12
12.09
0.5986
1.235
1.528
2.664
2.094
0.9673
2.503
0.4618
0.2299
0.4019
0.2387
0.0
4.924
4.004
0.2302
0.4615
0.5144

0.01358
0.09586
0.1932
0.004874
0.01455
0.01548
0.03459
0.02506
0.00919
0.02903
0.02498
1.414E-12
0.03196
0.01426
0.04071
0.226
0.4998
0.01554
0.04281
0.04509
0.09269
0.06726
0.03013
0.07553
0.04067
0.02012
1.414E-12
0.01918
0.04282
0.1831
0.4293
0.0201
0.03152
0.04517
0.08808
0.05683
0.02566
0.06991
0.03958
0.01842
0.04335
1.414E-12
0.0521
0.2869
0.6136
0.02199
0.04849
0.05204
0.1115
0.09474
0.03607
0.09802
0.0177
0.008892
0.01537
0.00845
1.414E-12
0.1203
0.2086
0.007781
0.01614
0.01831

0.4247
0.02646
1.271
0.2438
0.1777
0.3192
0.1547
0.09896
0.2624
0.4519
1.533
1.0
0.4867
0.414
0.9095
0.06141
2.897
0.5463
0.3974
0.6819
0.3442
0.2188
0.5534
0.9813
0.7948
0.2849
1.0
0.23
0.5741
0.04494
1.779
0.2967
0.2441
0.4179
0.2115
0.1496
0.3549
0.6406
1.424
0.5208
0.485
1.0
0.9572
0.0697
2.881
0.5087
0.3987
0.7001
0.3824
0.2362
0.565
1.048
0.5433
0.2009
0.2047
0.1574
1.0
0.02814
1.452
0.2138
0.1991
0.3298
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0.8499
0.374
3.485
0.4334
0.4695
0.7124
0.6974
0.4524
0.5463
1.114
2.435
1.0
1.342
0.8789
2.085
0.9095
8.453
1.054
1.158
1.746
1.704
1.105
1.35
2.722
1.826
0.7452
1.0
0.6577
1.552
0.6867
6.295
0.787
0.8571
131
1.262
0.8272
0.9926
2.041
2.796
1.138
1.521
1.0
2.37
1.057
9.684
1.219
1.339
2.005
1911
1.285
1.535
3.126
1.177
0.4797
0.6445
0.4219
1.0
0.4363
4.053
0.5144
0.5547
0.8341

1.842
6.29
13.19
0.7739
1.493
1.859
3.076
2.094
1.2
3.018
4.085
1.0
3.517
1.923
4.987
16.66
34.61
2.162
4.178
5.162
8.29
5.5
3.315
8.458
4.53
2.055
1.0
2.072
4.89
12.55
30.62
2.253
3.513
4.691
7.458
4.563
2.982
7.402
5.368
2.417
4.362
1.0
6.358
17.98
43.23
2.773
4.824
6.377
9.943
6.719
4.161
10.24
2.359
1.105
1.742
1.046
1.0
8.032
14.57
1.115
1.72
2.3

50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001

5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000



or[5,11]
or[5,12]
or[5,13]
or[5,14]
or[6,1]
or[6,2]
or[6,3]
or[6,4]
or[6,5]
or[6,6]
or[6,7]
or[6,8]
or[6,9]
or[6,10]
or[6,11]
or[6,12]
or[6,13]
or[6,14]
or[7,1]
or[7,2]
or[7,3]
or[7,4]
or[7,5]
or[7,6]
or[7,7]
or[7,8]
or[7,9]
or[7,10]
or[7,11]
or[7,12]
or[7,13]
or[7,14]
or[8,1]
or[8,2]
or[8,3]
or[8,4]
or[8,5]
or[8,6]
or[8,7]
or[8,8]
or[8,9]
or[8,10]
or[8,11]
or[8,12]
or[8,13]
or[8,14]
or[9,1]
or[9,2]
or[9,3]
or[9,4]
or[9,5]
or[9,6]
or[9,7]
or[9,8]
or[9,9]
or[9,10]
or[9,11]
or[9,12]
or[9,13]
or[9,14]
or[10,1]
or[10,2]

1.142
0.736
0.7199
1.453
6.687
2.825
3.872
2.558
5.961
1.0
27.46
3.039
3.781
5.148
5.679
3.737
3.985
8.049
0.3258
0.1364
0.193
0.1232
0.2819
0.3295
1.0
0.1447
0.1757
0.254
0.3001
0.1791
0.1914
0.3864
2.407
0.9971
1.432
0.9084
2.158
2.576
10.3
1.0
1.342
1.889
2.194
1.448
1.412
3.023
2.389
1.005
1.419
0.9031
2.066
2.583
9.884
1.079
1.0
1.886
2.17
1.385
1.376
2.84
1.524
0.6398

1.22
0.7612
0.3685
0.718
14.58
6.383
8.558
6.361
13.61
0.0
75.76
6.884
9.956
12.65
15.12
9.803
9.449
18.16
0.1848
0.08471
0.1465
0.08512
0.1701
0.917
0.0
0.09074
0.1553
0.1983
0.3727
0.1829
0.1367
0.2802
0.7311
0.348
0.7873
0.4339
0.9743
9.39
9.012
0.0
0.967
1.073
2.142
1.494
0.7162
1.962
1.337
0.6335
1.117
0.6194
1.203
10.63
9.62
0.7072
0.0
1.465
2.512
1.495
0.8986
1.933
0.6921
0.3306

0.05539
0.03315
0.01425
0.0272
0.5624
0.2363
0.3288
0.233
0.4665
1.414E-12
1.991
0.2493
0.3078
0.3837
0.5558
0.3142
0.3627
0.6391
0.008788
0.003891
0.006358
0.003776
0.007441
0.02434
1.414E-12
0.004176
0.005676
0.007711
0.01662
0.007472
0.005824
0.01095
0.02678
0.01264
0.02904
0.01697
0.03447
0.2404
0.4909
1.414E-12
0.03611
0.0413
0.08761
0.06267
0.02844
0.07545
0.05126
0.02332
0.04034
0.02453
0.04032
0.2691
0.4089
0.02503
1.414E-12
0.04698
0.1081
0.05898
0.03282
0.06731
0.02479
0.01231

0.1486
0.09378
0.2314
0.5855
0.1595
0.06025
0.07971
0.05573
0.125
1.0
0.4817
0.06875
0.06009
0.1034
0.07721
0.04831
0.07632
0.1501
0.07605
0.02902
0.03282
0.02317
0.06881
0.006258
1.0
0.03113
0.02997
0.04845
0.0277
0.02183
0.03242
0.08454
1.293
0.464
0.444
0.3611
0.8973
0.05526
2.741
1.0
0.3583
0.6721
0.3251
0.2047
0.5042
0.9764
0.6697
0.2398
0.2855
0.2074
0.583
0.04035
1.748
0.2613
1.0
0.3927
0.2257
0.1437
0.3154
0.6867
0.5387
0.1946
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0.8099
0.5302
0.6431
1.303
2.674
11
1.458
0.9466
2.296
1.0
9.548
1.162
1.241
1.96
1.88
1.182
1.479
3.041
0.2871
0.1183
0.1589
0.1033
0.2468
0.1049
1.0
0.1258
0.1334
0.2028
0.1919
0.1285
0.1604
0.3188
2.308
0.9488
1.271
0.8206
1.945
0.8615
7.952
1.0

11
1.634
1.602
1.031
1.263
2.558
2.131
0.8635
1.167
0.7467
1.803
0.8058
7.496
0.9092
1.0
151
1.458
0.9514
1.184
2.349
1.404
0.5727

4.217
2.577
1.664
3.194
37.81
16.3
22.76
14.42
36.1
1.0
159.9
18.2
24.97
29.1
33.31
23.58
24.63
47.71
0.788
0.3469
0.5631
0.3472
0.6891
2.086
1.0
0.366
0.576
0.7786
1.247
0.6609
0.5276
1.061
4.103
1.834
3.372
1.968
4.684
14.55
32.24
1.0
3.829
4.593
7.909
5.177
3.19
7.846
5.638
2.52
4.097
2.509
5.03
16.64
33.38
2.795
1.0
5.813
8.505
5.051
3.818
7.86
3.135
1.468

50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001

5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000



or[10,3]
or[10,4]
or[10,5]
or[10,6]
or[10,7]
or[10,8]
or[10,9]
or[10,10]
or[10,11]
or[10,12]
or[10,13]
or[10,14]
or[11,1]
or[11,2]
or[11,3]
or[11,4]
or[11,5]
or[11,6]
or[11,7]
or[11,8]
or[11,9]
or[11,10]
or[11,11]
or[11,12]
or[11,13]
or[11,14]
or[12,1]
or[12,2]
or[12,3]
or[12,4]
or[12,5]
or[12,6]
or[12,7]
or[12,8]
or[12,9]
or[12,10]
or[12,11]
or[12,12]
or[12,13]
or[12,14]
or[13,1]
or[13,2]
or[13,3]
or[13,4]
or[13,5]
or[13,6]
or[13,7]
or[13,8]
or[13,9]
or[13,10]
or[13,11]
or[13,12]
or[13,13]
or[13,14]
or[14,1]
or[14,2]
or[14,3]
or[14,4]
or[14,5]
or[14,6]
or[14,7]
or[14,8]

0.908
0.5781
1.334
1.651
6.392
0.6712
0.839
1.0
1.399
0.9059
0.8891
1.875
1.94
0.8255
1171
0.7306
1.779
2.202
8.319
0.8745
1.096
1.554
1.0
1.099
1.164
2.464
3.019
1.272
1.771
1.148
2.732
3.247
12.06
1.365
1.664
2.402
2.605
1.0
1.788
3.767
1.969
0.827
1.146
0.7436
1.776
2.227
8.643
0.8868
1.08
1571
1.831
1.168
1.0
2.433
0.9897
0.4149
0.5776
0.3748
0.8267
1.029
3.921
0.4377

0.5991
0.3509
0.7006
5.83
6.034
0.3283
0.7273
0.0
1.534
0.9913
0.5405
1.31
1.742
0.8313
1.324
0.7523
1.852
12.7
10.72
0.8281
1.468
1.695
0.0
1.426
1.396
2.823
2.728
1.247
1.842
1.187
2.809
12.43
20.13
1.367
2.343
2.635
3.606
0.0
1.989
5.174
0.7901
0.4029
0.6514
0.3973
0.9796
8.874
8.352
0.4481
0.7962
1.043
1.998
1.202
0.0
1.612
0.5043
0.2382
0.3821
0.272
0.3658
2.929
3.07
0.2405

0.02261
0.01119
0.02231
0.1717
0.2966
0.01224
0.02277
1.414E-12
0.0626
0.03709
0.01875
0.03939
0.06864
0.03436
0.05152
0.02825
0.07447
0.3005
0.4271
0.03216
0.05678
0.06203
1.414E-12
0.05324
0.05161
0.1087
0.122
0.05361
0.07722
0.05144
0.1241
0.3681
0.8092
0.05698
0.08221
0.1056
0.1499
1.414E-12
0.08766
0.1768
0.03229
0.01727
0.02321
0.01534
0.03893
0.2376
0.4695
0.01865
0.0327
0.03929
0.08443
0.04993
1.414E-12
0.06847
0.01855
0.008061
0.01402
0.008874
0.01397
0.08762
0.1389
0.008284

0.2135
0.1583
0.4359
0.03448
1.285
0.2182
0.1725
1.0
0.169
0.1022
0.2292
0.4782
0.3272
0.1209
0.1353
0.1006
0.2375
0.0302
0.8039
0.1265
0.1177
0.1787
1.0
0.08756
0.1438
0.2957
0.4801
0.182
0.2205
0.1496
0.3908
0.04243
1.517
0.1942
0.1985
0.3011
0.205
1.0
0.2447
0.4726
0.8334
0.3024
0.3371
0.243
0.6011
0.04068
1.896
0.3142
0.262
0.4518
0.2344
0.1475
1.0
0.719
0.3315
0.1186
0.1355
0.09782
0.3137
0.021
0.945
0.1282
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0.7637
0.4992
1.199
0.5107
4.932
0.6122
0.6622
1.0
0.9511
0.6357
0.7699
1.582
1.435
0.5869
0.7928
0.5235
1.235
0.5321
5.213
0.6249
0.6859
1.052
1.0
0.6519
0.7964
1.641
2.212
0.9053
1.209
0.7785
1.887
0.8466
7.784
0.9702
1.051
1.575
1.535
1.0
1.196
2.493
1.831
0.741
1.008
0.6513
1.555
0.6789
6.236
0.7922
0.8449
1.299
1.256
0.8366
1.0
2.038
0.8975
0.3675
0.4899
0.3199
0.768
0.3293
3.138
0.391

2.402
1.432
3.037
9.68
20.74
1.488
2.551
1.0
5.604
3.323
2.227
5.116
6.501
2.922
4.744
2.619
6.738
13.01
36.16
3.087
4.433
5.918
1.0
4.922
4.275
9.584
10.12
4.576
6.703
4.246
10.69
20.73
46.0
4.889
7.055
9.789
11.44
1.0
6.787
14.93
3.811
1.812
2.82
1.771
4.323
13.16
30.91
1.986
3.176
4.367
6.957
4.09
1.0
6.54
2.227
1.021
1.565
0.9563
1.712
6.694
11.86
1.025
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50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
50001
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or[14,9] 0.5165 0.3895 0.01389 0.1272 0.4258
or[14,10] 0.768 0.5631 0.01839 0.1955 0.6322
or[14,11] 0.9033 1.052 0.04219 0.1048 0.6098
or[14,12] 0.5724 0.609 0.02446 0.06724 0.4011
or[14,13] 0.5625 0.3377 0.01329 0.153 0.4908
or[14,14] 1.0 0.0 1.414E-12 1.0 1.0

# Model - heterogeneous random effects model
# Assume correlation within study (rho = 0.5)
# Assume heterogeneous between studies ; "sdmu" is (0.01, 5)

model {
for (i in 1:NS) {
s[i,1] <- 0
delta[i, t[i,1]] <- 0
muli] ~ dnorm(mmul[t[i,1]], taumu) # handle different baseline treatments

for (k in 1:nali]) {
r[i,k] ~ dbin(p[i,tfi,kI], n[i,K])
logit(pli,t[i,k]]) <- mul[i] + delta[i,t[i,k]]

for (k in 2:nali]) {
deltali,t[i,k]] ~ dnorm(mdl[i,t[i,K]], taud[i,t[i,k]])
mdl[i,t[i,K]] <- d[t[i,k]] - d[t[i,1]] + ss[i,K]
taud[i,t[i,k]] <- tau[tfi,1],t[i,K]]*2*(k-1)/k
s[i,k] <- (deltali, t[i,K]] - d[t[i,K]] + d[t[i,1]])
ss[i,K] <- sum(s[i, 1:k-1])/(k-1)

}

mmu[5] <- 0 #Treatments 1,2,3,4,6,7 are one of baseline treatments.
mmu[8] <- 0 # other treatments should be assigned to 0.
mmu[9] <- 0
mmu[10] <- 0
mmu[11] <- 0
mmu[12] <- 0
mmu[13] <- 0
mmu[14] <- 0
mmu[1] ~ dnorm(0, 0.0001)
mmu[2] ~ dnorm(0, 0.0001)
mmu[3] ~ dnorm(0, 0.0001)
mmu[4] ~ dnorm(0, 0.0001)
mmu[6] ~ dnorm(0, 0.0001)
mmu[7] ~ dnorm(0, 0.0001)
sdmu ~ dunif(0.01, 5)
taumu <- 1/pow(sdmu,2)

di1]<-0
for (kin 2:NT) {
d[k] ~ dnorm(0,0.0001)
ed[K] <- exp(d[k]) # ed is odds ratio against placebo

for(i in 1:(NT-1)) {
for(j in (i+1):NT) {
V[i,j] ~ dnorm(0, 8.32)
log(sd[i,j]) <- log(sd0) + V{i,j]
tau[i,j] <- 1/pow(sd[i,j],2)
var[i,j] <- pow(sd[i,j],2)
}
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3.382
2.117
1.393
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}
sdO ~ dunif(0.01, 2)
var0 <- pow(sd0,2)

# pairwise ORs
# Example: or[2,3] = odds ratio of active(2) vs. control(3)
for (kin 1:NT) {
for (cin 1:NT) {
lor[k,c] <- d[K] - d[c]
log(orlk,c]) <- lor[k,c]

}

# ranking
mP <- mmu[1] # "mP" means the odds of placebo.

for (k in 1:NT) { logit(T[k]) <- mP + d[k] }
for (kin 1:NT) {

rk[K] <- NT + 1 - rank(T[],k)

best1[k] <- equals(rk[k],1)

best2[k] <- equals(rk[k],2)

best12[k] <- best1[k] + best2[K]

}

#Init

list(

d=c(NA,0,0,0,0, 0,0,0,0,0, 0,0,0,0),

sd0=1,

mu=¢(0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0,
0,0,0,0,0, 0,0,0,0,0, 0,0,0,0,0, 0,0,0),

mmu=c(0,0,0,0,NA, 0,0,NA,NA,NA, NA,NA,NA,NA), sdmu=1

)

#Data

#Data

list(NT=14, NS=68)

r[,1] n[,1] r[,2] n[,2] r[,3] n[,3] t[,1] t[,2] t[,3] na[]

1 96 2 96 | NA 1 1 12 | NA 2
2 61 5 55 | NA 1 1 NA 2
1 83 6 83 | NA 1 1 NA 2
3 48 5 46 | NA 1 5 14 | NA 2
2 32 1 32 | NA 1 1 3 | NA 2
1 75 10 74 | NA 1 7 14 | NA 2
5 20 13 20 | NA 1 5 9 | NA 2
5 24 9 31 | NA 1 1 5| NA 2
4 46 3 43 | NA 1 1 9 | NA 2
4 44 2 47 | NA 1 5 7 | NA 2
2 34 4 31 | NA 1 1 8 | NA 2
0 31 4 31 | NA 1 7 12 | NA 2
0 48 1 48 | NA 1 1 4 | NA 2
2 74 1 74 | NA 1 1 10 | NA 2
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NA
NA
NA
NA

NA
NA
NA
NA
NA

NA

NA

NA

NA
NA
NA
NA

NA

NA

NA

NA
NA
NA
NA

NA

NA

NA

13 | NA
13 | NA

14 | NA
10 | NA

14 | NA

13 | NA

13 | NA

13 | NA

13 | NA

13 | NA

12 | NA
11 | NA

11 | NA

10 | NA

1
1

13

5

5

1

1

2

3

1

1
1

1

1

60

47 | NA
34 | NA
70 | NA
43 | NA
43 | NA
35 | NA
18 | NA
77 | NA
37 | NA
27 | NA
98 | NA
66 | NA
20 | NA
26 | NA

275 | NA

123 | NA

72 | NA
34 | NA
93 | NA
58 | NA
30 | NA

140 | NA

165 | NA

60
391 | NA

45 | NA
85 | NA
67 | NA
28 | NA
59 | NA

169 | NA

188 | NA

194 | NA

28 | NA
71 | NA
38 | NA
33 | NA
40 | NA
72 | NA
45 | NA
24 | NA

2
1
9
4
3
3
7
7
1
4
16
1
4
9
19

10
9
6
2
3
9

21

18

96

0
8
2
4
2
38
21

23

3
2
2
0
1
0
0
5

47

37
37

43

38
34

40

38

37
26
45

69
20
27
270

116

64
36

84
57
20
73
163

60
383

45

85

58
24
65
178
197
197

28
71

38
33
40

72
45

24

18

10

10

41

10

35
18
13
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5 75 12 75 | NA 1 1 10 | NA 2
4 54 0 48 | NA 1 13 14 | NA 2
3 21 2 20 | NA 1 8 10 | NA 2
0 29 3 29 | NA 1 5 NA 2
2 30 3 29 | NA 1 1 NA 2
1 14 2 18 | NA 1 9 14 | NA 2
1 22 2 23 | NA 1 1 4 | NA 2
1 46 2 46 | NA 1 1 11 | NA 2
3 32 2 27 | NA 1 5 14 | NA 2
2 20 13 62 | NA 1 1 4 | NA 2
1 13 0 15 | NA 1 2 4 | NA 2
0 63 18 63 | NA 1 7 8 | NA 2
3 48 3 44 9 49 5 8 10 3
END
node mean sd MC error 2.5% median  97.5% start
bestl[1] 0.0 0.0 1.414E-12 0.0 0.0 0.0 50001
bestl[2] 0.048 0.2138 0.005892 0.0 0.0 1.0 50001
bestl[3] 0.0462 0.2099 0.005419 0.0 0.0 1.0 50001
bestl[4] 0.1536 0.3606 0.01422 0.0 0.0 1.0 50001
bestl[5] 2.0E-4 0.01414 2.006E-4 0.0 0.0 0.0 50001
bestl[6] 0.3488 0.4766 0.02233 0.0 0.0 1.0 50001
bestl[7] 0.0 0.0 1.414E-12 0.0 0.0 0.0 50001
best1[8] 0.0428 0.2024 0.005105 0.0 0.0 1.0 50001
best1[9] 0.0978 0.297 0.009791 0.0 0.0 1.0 50001
best1[10] 0.0078 0.08797 0.001628 0.0 0.0 0.0 50001
best1[11] 0.0828 0.2756 0.008454 0.0 0.0 1.0 50001
best1[12] 0.1458 0.3529 0.01337 0.0 0.0 1.0 50001
best1[13] 0.0252 0.1567 0.003928 0.0 0.0 1.0 50001
bestl[14] 0.001 0.03161 4.331E-4 0.0 0.0 0.0 50001
best2[1] 0.0 0.0 1.414E-12 0.0 0.0 0.0 50001
best2[2] 0.1408 0.3478 0.008127 0.0 0.0 1.0 50001
best2[3] 0.075 0.2634 0.006685 0.0 0.0 1.0 50001
best2[4] 0.203 0.4022 0.008737 0.0 0.0 1.0 50001
best2[5] 0.0038 0.06153 0.001243 0.0 0.0 0.0 50001
best2[6] 0.0808 0.2725 0.006052 0.0 0.0 1.0 50001
best2[7] 0.0 0.0 1.414E-12 0.0 0.0 0.0 50001
best2[8] 0.108 0.3104 0.007817 0.0 0.0 1.0 50001
best2[9] 0.1238 0.3294 0.007522 0.0 0.0 1.0 50001
best2[10] 0.0182 0.1337 0.002555 0.0 0.0 0.0 50001
best2[11] 0.084 0.2774 0.007281 0.0 0.0 1.0 50001
best2[12] 0.1032 0.3042 0.006101 0.0 0.0 1.0 50001
best2[13] 0.0586 0.2349 0.005443 0.0 0.0 1.0 50001
best2[14] 8.0E-4 0.02827 3.884E-4 0.0 0.0 0.0 50001
d[2] 0.8884 0.2447 0.008527 0.4178 0.8806 1.405 50001
d[3] 0.6419 0.4462 0.0205 -0.1735 0.6181 1.559 50001
d[4] 1.007 0.3599 0.01703 0.3205 1.005 1.705 50001
d[5] 0.1856 0.3805 0.01226 -0.5701 0.1883 0.9327 50001
d[e] 0.8932 1.431 0.06919 -1.87 0.9052 3.751 50001
d[7] -1.255 0.6031 0.03536 -2.619 -1.213 -0.1867 50001
d[8] 0.8291 0.297 0.01152 0.2442 0.8268 1.423 50001
d[9] 0.7334 0.5474 0.02262 -0.3835 0.7485 1.79 50001
d[10] 0.3362 0.4494 0.01653 -0.5891 0.3491 1.185 50001
d[11] 0.4371 0.7837 0.03416 -1.104 0.4526 1.968 50001
d[12] 0.6907 0.7517 0.03829 -0.7297 0.6485 2.29 50001
d[13] 0.628 0.408 0.01746 -0.1904 0.6351 1.439 50001
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d[14]
or[1,2]
or[1,3]
or[1,4]
or[1,5]
or[1,6]
or[1,7]
or[1,8]
or[1,9]
or[1,10]
or[1,11]
or[1,12]
or[1,13]
or[1,14]
or[2,1]
or[2,2]
or[2,3]
or[2,4]
or[2,5]
or[2,6]
or[2,7]
or[2,8]
or[2,9]
or[2,10]
or[2,11]
or[2,12]
or[2,13]
or[2,14]
or[3,1]
or[3,2]
or[3,3]
or[3,4]
or[3,5]
or[3,6]
or[3,7]
or[3,8]
or[3,9]
or[3,10]
or[3,11]
or[3,12]
or[3,13]
or[3,14]
or[4,1]
or[4,2]
or[4,3]
or[4,4]
or[4,5]
or[4,6]
or[4,7]
or[4,8]
or[4,9]
or[4,10]
or[4,11]
or[4,12]
or[4,13]
or[4,14]
or[5,1]
or[5,2]
or[5,3]
or[5,4]
or[5,5]
or[5,6]

-0.1063
0.4237
0.5796
0.3904
0.8941
1.162
4.286
0.4561
0.5608
0.7924
0.912
0.6551
0.5803
1.248
2.506
1.0
1.454
0.9714
2.22
2.924
10.63
1.126
1.403
1.979
2.322
1.636
1.435
3.107
2.107
0.8942
1.0
0.817
1.85
2.571
8.957
0.9575
1.193
1.655
1.925
1.346
1.184
2.501
2.92
1.228
1.674
1.0
2.597
3.364
12.52
1.33
1.638
2.311
2.638
1.921
1.683
3.618
1.293
0.5437
0.7363
0.5009
1.0
1.543

0.4735
0.1035
0.2609
0.1586
0.3665
3.709
3.394
0.1398
0.356
0.3933
1.343
0.5299
0.251
0.6642
0.6435
0.0
0.7815
0.4664
1.037
8.867
8.71
0.4092
0.996
1.141
3.883
1.416
0.6778
1.816
1.054
0.5264
0.0
0.5401
1.214
9.575
8.736
0.5823
1.108
1.205
2.915
1.333
0.7383
1.989
1.081
0.5373
0.9534
0.0
1.466
9.847
11.76
0.6604
1.351
1511
4.659
1.897
0.9775
2.412
0.5076
0.2488
0.435
0.2826
0.0
5.359

0.01603
0.003432
0.01139
0.006856
0.01132
0.08424
0.1849
0.005236
0.01477
0.01398
0.05316
0.02391
0.01071
0.02216
0.02315
1.414E-12
0.0324
0.01974
0.03343
0.2072
0.4469
0.01374
0.03809
0.03941
0.1484
0.05834
0.02578
0.06276
0.04751
0.02137
1.414E-12
0.01969
0.04808
0.2364
0.4769
0.02467
0.05082
0.05222
0.1106
0.05546
0.03288
0.07751
0.05138
0.02447
0.03791
1.414E-12
0.05993
0.2425
0.5937
0.0291
0.05941
0.0619
0.1637
0.08342
0.04343
0.08986
0.01625
0.008208
0.0186
0.01052
1.414E-12
0.1199

-1.091
0.2458
0.2108
0.1827
0.3939
0.02351
1.206
0.2411
0.1671
0.3062
0.1404
0.1014
0.2379
0.4505
1.519
1.0
0.4617
0.396
0.8734
0.05464
2.691
0.5473
0.3775
0.6801
0.2986
0.2371
0.5232
0.9814
0.8407
0.2916
1.0
0.2476
0.553
0.04141
1.691
0.2998
0.245
0.422
0.2249
0.1723
0.3596
0.673
1.378
0.4934
0.4579
1.0
0.8501
0.0588
2.786
0.503
0.3833
0.6503
0.339
0.2371
0.5341
0.986
0.5655
0.2096
0.2024
0.1544
1.0
0.02631
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0.5391
0.3661
0.8284
0.4052
3.367
0.4375
0.4732
0.7055
0.6364
0.5228
0.5299
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1.0
1.301
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2.014
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1.056
1.141
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1.271
1.299
2.662
1.855
0.7691
1.0
0.6791
1.561
0.7706
6.465
0.823
0.8856
1.333
1.188
0.9671
1.009
2.045
2.732
1.128
1.473
1.0
2.25
1.134
9.249
1.177
1.291
1.912
1.755
1.406
1.438
3.019
1.207
0.4965
0.6408
0.4446
1.0
0.4881

0.6585
1.19
0.7261
1.769
6.59
13.75
0.7836
1.471
1.802
3.074
2.081
1.211
2.978
4.075
1.0
3.444
2.027
4.776
16.59
34.34
2.154
4.104
4.933
8.424
5.365
3.142
7.901
4.753
2.169
1.0
2.186
4.954
15.43
33.01
2.394
3.944
4.984
7.52
4.549
3.083
7.561
5.503
2.529
4.047
1.0
6.507
19.33
42.29
3.03
4.924
6.247
9.104
6.604
4.191
9.827
2.541
1.148
1.811
1.177
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9.104
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5.152
0.5709
0.6798
0.9744
1.17
0.8274
0.7321
1.458
7.504
3.182
4.054
3.074
6.506
1.0
35.7
3.34
4.584
5.836
7.185
4.867
4.38
8.697
0.3372
0.1419
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0.1303
0.2829
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1.0
0.1497
0.1781
0.2589
0.2922
0.2086
0.1902
0.3862
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0.9985
1.383
0.9293
2.072
2.862
9.889
1.0
1.316
1.842
2.183
1.546
1.377
2.907
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1.013
1.4
0.9295
2.016
2.775
9.74
1.077
1.0
1.844
2.153
1.545

3.869
0.244
0.4572
0.55
1.69
0.7658
0.402
0.6572
38.38
15.66
13.49
18.56
22.45
0.0
220.7
16.34
28.8
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58.91
18.32
28.4
29.33
0.1988
0.09073
0.1519
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0.1787
1.269
0.0
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0.1458
0.2069
0.3652
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0.1384
0.2732
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0.3517
0.7698
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11.56
7.63
0.0
0.9113
0.9964
3.392
1.324
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1.659
1.383
0.6203
1.127
0.655
1.217
10.69
9.157
0.6784
0.0
1.402
3.17
1.607
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0.00831
0.01635
0.02149
0.06378
0.03029
0.01582
0.0222
0.9885
0.4102
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0.4447
0.7846
1.414E-12
6.824
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0.8018
0.7544
1.288
0.5596
0.6474
0.9367
0.01084
0.004796
0.008551
0.004251
0.008634
0.0295
1.414E-12
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0.01436
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0.006839
0.01226
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0.01185
0.03313
0.01896
0.0318
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0.4251
1.414E-12
0.03563
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0.1356
0.0551
0.02917
0.05733
0.05116
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0.04397
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0.04308
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0.4377
0.02428
1.414E-12
0.05056
0.1244
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0.2345
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0.3534
0.1385
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0.6313
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0.05255
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0.06119
0.06188
0.09604
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0.05313
0.0725
0.1499
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0.02916
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0.02377
0.06351
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1.0
0.03278
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0.04803
0.02506
0.01845
0.03512
0.08535
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0.4662
0.4208
0.3303
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0.05218
2.546
1.0
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0.6556
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0.2552
0.2034
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1.0
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0.8456
0.7688
0.6223
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1.315
2.473
1.028
13
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2.049
1.0
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1.0
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1.318
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1.847
2.304
4.46
2.857
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3.176
42.56
18.31
24.17
17.05
38.19
1.0
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19.23
24.2
34.52
41.01
30.0
23.36
51.76
0.8297
0.372
0.5939
0.3591
0.7281
2.294

0.3936
0.5419
0.7741
1.149
0.7039
0.5519
1.097
4.149
1.829
3.344
1.989
4.264
16.35
30.6
1.0
3.722
4.357
7.751
5.178
3.327
7.386
5.992
2.655
4.085
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5.032
16.42
32.9
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1.34
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11.34
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1.0
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1.124
1.589
1.849
1.319
1.0
2.435
1.004
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0.569
0.3876

0.966
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0.3346
0.5926
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5.347
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0.0
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0.5291
1.182
1.882
0.8863
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1.943
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13.37
0.9645
1.394
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0.0
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1.281
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2.801
1.316
1.743
1.334
2.669
17.54
16.71
1.386
2.363
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5.524
0.0
1.89
4.58
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0.417
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0.4515
1.033
6.847
7.119
0.4795
0.9055
1.061
3.026
1.248
0.0
1.558
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0.2284
0.3634
0.2434

0.03683
0.06669
0.02484
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0.01313
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0.2482
0.0126
0.024
1.414E-12
0.07881
0.04193
0.01964
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0.07924
0.03657
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0.03145
0.07894
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0.05339
0.07385
1.414E-12
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0.08473
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0.115
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0.1034
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0.09652
0.1919
0.03607
0.01586
0.0282
0.01745
0.03877
0.1606
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0.03878
0.03495
0.1235
0.05894
1.414E-12
0.06049
0.01563
0.007802
0.01498
0.008838

0.2864
0.7011
0.5549
0.2029
0.2011
0.161
0.4376
0.02904
1.293
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0.1814
1.0
0.1517
0.1137
0.2223
0.4724
0.3314
0.119
0.133
0.1099
0.2244
0.02448
0.871
0.129
0.1117
0.1888
1.0
0.07952
0.1422
0.2914
0.482
0.1871
0.2206
0.1523
0.3501
0.0335
1.424
0.1932
0.1758
0.2815
0.1633
1.0
0.2179
0.4555
0.8266
0.3188
0.3245
0.2389
0.566
0.04297
1.812
0.3015
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0.4587
0.2216
0.1594
1.0
0.7364
0.3358
0.127
0.1326
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1.123
2.323
1.418
0.5818
0.7503
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1.183
0.5706
4.885
0.6175
0.6683
1.0
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0.7385
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39.92
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10.43
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5.814
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6.383
8.815
12.61
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6.292
13.35
4.216
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2.788
1.878
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28.47
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or[14,5]
or[14,6]
or[14,7]
or[14,8]
or[14,9]
or[14,10]
or[14,11]
or[14,12]
or[14,13]
or[14,14]

0.8089
1.165
3.878
0.4451
0.5176
0.7604
0.8778
0.6302
0.5553
1.0

0.3324
4.4
2.904
0.2371
0.3545
0.4965
1.068
0.5992
0.322
0.0

0.01133 0.3149
0.1012 0.01933
0.1498 0.9141
0.007788 0.1358
0.0131 0.1322
0.01762 0.2127
0.03709 0.09612
0.02359 0.07555
0.01296  0.1495
1.414E-12 1.0
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0.7606
0.3631
3.102
0.3954
0.4306
0.6404
0.5728
0.4671
0.4855
1.0

1.589
6.706
11.73
1.042
1.428
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50001
50001
50001
50001
50001
50001
50001
50001

5000
5000
5000
5000
5000
5000
5000
5000
5000
5000



Appendix C. Excluded Studies

Not Eligible Exposure

1.

10.

Pharmacological prevention of migraine: to be
considered case by case. Prescrire International
2006 Oct; 15(85):184-8; PMID: 17128528.

Topiramate: new indication. Migraine
prevention: best avoided. Prescrire International
2006 Aug; 15(84):132-3; PMID: 16989025.

Molecule of the month. Lasmiditan
hydrochloride. Drug News Perspect 2010 Sep;
23(7):455; PMID: 20862397.

Agnoli A, Bussone G, Manzoni GC, et al.
Dihydroergokryptine (DEK) versus flunarizine
(FLU) in common migraine. A multicentre
double-blind study. Cephalalgia; 1989: 373-5.

Agro F, Liguori A, Petti FB, et al. Acupuncture
versus pharmacological therapy in the treatment
of migraine without aura: Clinical results. Pain

Clinic; 2005: 245-7.

Ahmed HE, White PF, Craig WF, et al. Use of
percutaneous electrical nerve stimulation
(PENYS) in the short-term management of
headache. Headache 2000 Apr; 40(4):311-5;
PMID: 10759936.

Ahonen K, Hamalainen ML, Eerola M, et al. A
randomized trial of rizatriptan in migraine
attacks in children. Neurology 2006 Oct 10;
67(7):1135-40; PMID: 16943370.

Alecrim-Andrade J, Maciel-Junior JA, Carne X,
et al. Acupuncture in migraine prevention: a
randomized sham controlled study with 6-
months posttreatment follow-up. Clin J Pain
2008 Feb; 24(2):98-105; PMID: 18209514.

Alecrim-Andrade J, Maciel-Junior JA,
Cladellas XC, et al. Acupuncture in migraine
prophylaxis: a randomized sham-controlled
trial. Cephalalgia 2006 May; 26(5):520-9;
PMID: 16674760.

Allais G, D'Andrea G, Moschiano F, et al. A
randomized, prospective, cross-over, double
blind, placebo-controlled multicentre study to
assess the efficacy and tolerability of
almotriptan 12.5 mg in menstrually-related
migraine. Cephalalgia; 2009: 13.

C-1

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Allais G, De Lorenzo C, Quirico PE, et al. Non-
pharmacological approaches to chronic
headaches: transcutaneous electrical nerve
stimulation, lasertherapy and acupuncture in
transformed migraine treatment. Neurol Sci
2003 May; 24 Suppl 2:5138-42; PMID:
12811613.

Allen RA, Mills GK. The effects of unilateral
plethysmographic feedback of temporal artery
activity during migraine head pain. J-
Psychosom-Res; 1982: 133-40.

Almaraz AC, Dilli E, Dodick DW. The effect of
prophylactic medications on TMS for migraine
aura. Headache 2010 Nov; 50(10):1630-3;
PMID: 21198566.

Alpay K, Ertas M, Orhan EK, et al. Diet
restriction in migraine, based on IgG against
foods: a clinical double-blind, randomised,
cross-over trial. Cephalalgia : an international
journal of headache; 2010: 829-37.

Alstadhaug KB, Odeh F, Salvesen R, et al.
Prophylaxis of migraine with melatonin: a
randomized controlled trial. Neurology 2010
Oct 26; 75(17):1527-32; PMID: 20975054.

Altieri M, Di Giambattista R, Di Clemente L, et
al. Combined pharmacological and short-term
psychodynamic psychotherapy for probable
medication overuse headache: a pilot study.
Cephalalgia 2009 Mar; 29(3):293-9; PMID:
19220310.

Alzoubi KH, Mhaidat N, Azzam SA, et al.
Prevalence of migraine and tension-type
headache among adults in Jordan. Journal of
Headache & Pain 2009 Aug; 10(4):265-70;
PMID: 19387792.

Amery WK, Waelkens J. Prevention of the last
chance: An alternative pharmacologic treatment
of migraine. Headache; 1983: 37-8.

Andersson PG. Flunarizine and propranolol in
the treatment of migraine. Journal Of
Neurology Vol 232; 1985: 220.

Andrasik F, Blanchard EB, Neff DF, et al.
Biofeedback and relaxation training for chronic
headache: a controlled comparison of booster
treatments and regular contacts for long-term
maintenance. J Consult Clin Psychol 1984 Aug;
52(4):609-15; PMID: 6381563.



21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Archambault ME. Do triptans increase the risk
of thromboembolic stroke? JAAPA 2006 Jul;
19(7):57-8; PMID: 16869155.

Arora A, Arora S. Spontaneous splenic
infarction associated with sumatriptan use.
Journal of Headache & Pain 2006 Sep;
7(4):214-6; PMID: 16767537.

Arruda MA, Guidetti V, Galli F, et al. Primary
headaches in childhood--a population-based
study. Cephalalgia 2010 Sep; 30(9):1056-64;
PMID: 20713556.

Arthur GP, Hornabrook RW. The treatment of
migraine with BC 105 (pizotifen): a double
blind trial. The New Zealand medical journal;
1971: 5-9.

Ashkenazi A, Mushtag A, Yang |, et al. Ictal
and interictal phonophobia in migraine-a
guantitative controlled study. Cephalalgia : an
international journal of headache; 2009: 1042-8.

Aurora SK, Barrodale PM, McDonald SA, et al.
Revisiting the efficacy of sumatriptan therapy
during the aura phase of migraine. Headache
2009 Jul; 49(7):1001-4; PMID: 19438735.

Aurora SK, Barrodale PM, Vermaas AR, et al.
Topiramate modulates excitability of the
occipital cortex when measured by transcranial
magnetic stimulation. Cephalalgia 2010 Jun;
30(6):648-54; PMID: 19732073.

Ausband SC, Goodman PE. An unusual case of
clarithromycin associated ergotism. Journal of
Emergency Medicine 2001 Nov; 21(4):411-3;
PMID: 11728770.

Baars MAE, van Boxtel MPJ, Jolles J. Migraine
does not affect cognitive decline: results from
the Maastricht aging study. Headache 2010
Feb; 50(2):176-84; PMID: 19925622.

Backer M, Grossman P, Schneider J, et al.
Acupuncture in migraine: investigation of
autonomic effects. Clin J Pain 2008 Feb;
24(2):106-15; PMID: 18209515.

Bademosi O, Osuntokun BO. Pizotifen in the
management of migraine. Practitioner 1978
Feb; 220(1316):325-7; PMID: 345259.

Bakker MK, Kerstjens-Frederikse WS, Buys
CH, et al. First-trimester use of paroxetine and
congenital heart defects: a population-based
case-control study. Birth Defects Res A Clin
Mol Teratol 2010 Feb; 88(2):94-100; PMID:
19937603.

C-2

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

Barbanti P, Fabbrini G, Aurilia C, et al. A case-
control study on excessive daytime sleepiness
in episodic migraine. Cephalalgia 2007 Oct;
27(10):1115-9; PMID: 17725651.

Barbanti P, Fabbrini G, Pesare M, et al.
Unilateral cranial autonomic symptoms in
migraine. Cephalalgia 2002 May; 22(4):256-9;
PMID: 12100086.

Barry J, von Baeyer CL. Brief cognitive-
behavioral group treatment for children's
headache. Clin J Pain 1997 Sep; 13(3):215-20;
PMID: 9303253.

Baser O, Palmer L, Stephenson J. The
estimation power of alternative comorbidity
indices. Value in Health 2008 Sep-Oct;
11(5):946-55; PMID: 18489502.

Bassi S, Amersey R, Henderson R, et al.
Thyrotoxicosis, sumatriptan and coronary artery
spasm. Journal of the Royal Society of
Medicine 2004 Jun; 97(6):285-7; PMID:
15173333.

Baykal B, Alpay KEM, Orhan EK. Diet
restriction in migraine based on IgG antibodies
against food antigens: a clinical double-blind,
randomized crossover trial. Neurology; 2009:
A182, Abstract no: P04.070.

Becker C, Brobert GP, Almqgvist PM, et al. The
risk of newly diagnosed asthma in migraineurs
with or without previous triptan prescriptions.
Headache 2008 Apr; 48(4):606-10; PMID:
18194300.

Becker WJ. Zolmitriptan versus sumatriptan
comparison trial. Headache 2001 Mar;
41(3):321-3; PMID: 11264695.

Beckmann-Reinhold A, Schauer U, Wellensiek
B, et al. A homeopathic complex remedy
proves efficacious in migraine therapy: a
randomized, double blind, parallel group
clinical trial. Headache World; 2000 Sep 3-7;
London, England; 2000.

Behan PO. Pizotifen in the treatment of severe
recurrent headache single and divided dose
therapy compared. The British journal of
clinical practice; 1982; 13-7.

Behan PO. Prophylactic treatment for migraine
- a comparison of pizotifen and clonidine.
Cephalalgia; 1985: 524-5.

Behan PO, Connelly K. Prophylaxis of
migraine: a comparison between naproxen
sodium and pizotifen. Headache; 1986: 237-9.



45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

Bellavance AJ, Meloche JP. A comparative
study of naproxen sodium, pizotyline and

placebo in migraine prophylaxis. Headache
1990 Nov; 30(11):710-5; PMID: 2074163.

Beorchia S, Loisy C. Randomized, double-
blind, placebo-controlled study of vasobral in
the treatment of migraine. <ORIGINAL>
ETUDE RANDOMISEE, EN DOUBLE
AVEUGLE CONTRE PLACEBO, DU
VASOBRAL (R) DANS LE TRAITEMENT
DE LA MIGRAINE. J Med Lyon; 1989: 71-7.

Beorchia S, Loisy C. Dihydrortgocryptine plus
caffeine in treatment of migraine: A
randomized double-blind trial against placebo.
<ORIGINAL> ETUDE RANDOMISEE EN
DOUBLE AVEUGLE CONTRE PLACEBO,
DU VASOBRAL (R) DANS LE
TRAITEMENT DE LA MIGRAINE. Gaz Med;
1989: 69-75.

Bermejo PE, Dorado R, Gomez-Arguelles JM.
Variation in almotriptan effectiveness according
to different prophylactic treatments. Headache
2009 Oct; 49(9):1277-82; PMID: 19788470.

Bernhardt M. Zentramine in migraine-like
states. Die Medizinische Welt; 1984: 772-3.

Besser RE, Stern CM. Raynaud phenomena and
migraine in two children: inclusion within a
family of related disorders. Acta Paediatrica
2005 Dec; 94(12):1860-2; PMID: 16421056.

Beyer D. Clinical experiences with a new
migraine-preparation HM 72 (Migraeflux).
Munchener Medizinische Wochenschrift; 1975:
733-4.

Bigal ME, Golden W, Buse D, et al. Triptan use
as a function of cardiovascular risk. A
population-based study. Headache 2010 Feb;
50(2):256-63; PMID: 20039953.

Bigal ME, Rapoport AM, Lipton RB, et al.
Assessment of migraine disability using the
migraine disability assessment (MIDAS)
questionnaire: a comparison of chronic
migraine with episodic migraine. Headache
2003 Apr; 43(4):336-42; PMID: 12656704.

Bigal ME, Rapoport AM, Sheftell FD, et al.
Transformed migraine and medication overuse
in a tertiary headache centre--clinical
characteristics and treatment outcomes.
Cephalalgia 2004 Jun; 24(6):483-90; PMID:
15154858.

C-3

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Bigal ME, Serrano D, Reed M, et al. Chronic
migraine in the population: burden, diagnosis,
and satisfaction with treatment. Neurology 2008
Aug 19; 71(8):559-66; PMID: 18711108.

Bild R, Adams HE. Modification of migraine
headaches by cephalic blood volume pulse and
EMG biofeedback. J Consult Clin Psychol 1980
Feb; 48(1):51-7; PMID: 7365042.

Bille B, Ludvigsson J, Sanner G. Prophylaxis of
migraine in children. Headache; 1977: 61-3.

Black KJ, Sheline Y1. Paroxetine as migraine
prophylaxis. Journal of Clinical Psychiatry
1995 Jul; 56(7):330-1; PMID: 76154809.

Black L, Jones M, Boswell D, et al. Naratriptan
compared with nonspecific/nonselective
therapies reduces migraine-associated lost
workplace productivity. European Journal of
Neurology (Abstracts of the 4th Congress of the
European Federation of Neurological Sciences,
September 7-11, Lisbon, Portugal 1999); 1999:
21.

Blanchard EB, Andrasik F, Neff DF, et al.
Biofeedback and relaxation training with three
kinds of headache: treatment effects and their
prediction. J Consult Clin Psychol 1982 Aug;
50(4):562-75; PMID: 6749918.

Blanchard EB, Theobald DE, Williamson DA,
et al. Temperature biofeedback in the treatment
of migraine headaches: a controlled evaluation.
Arch Gen Psychiatry 1978 May; 35(5):581-8;
PMID: 365125.

Boccia G, Del Giudice E, Crisanti AF, et al.
Functional gastrointestinal disorders in
migrainous children: efficacy of flunarizine.
Cephalalgia 2006 Oct; 26(10):1214-9; PMID:
16961789.

Boehnke C, Reuter U, Flach U, et al. High-dose
riboflavin treatment is efficacious in migraine
prophylaxis: an open study in a tertiary care
centre. European Journal of Neurology 2004
Jul; 11(7):475-7; PMID: 15257686.

Bonetto N, Santelli L, Battistin L, et al.
Serotonin syndrome and rhabdomyolysis
induced by concomitant use of triptans,
fluoxetine and hypericum. Cephalalgia 2007
Dec; 27(12):1421-3; PMID: 17868285.

Bono G, Criscuoli M, Martignoni E, et al.
Serotonin precursors in migraine prophylaxis.
Adv Neurol; 1982: 357-63.



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Bonuso S, Di Stasio E, Marano E, et al. Long-
term outcome of migraine therapy: predictive
value of the frontotemporal nitroglycerin test.
Neurology 1998 Nov; 51(5):1475-8; PMID:
9818888.

Bonuso S, Di Stasio E, Marano E, et al.
Sublingual flunarizine: a new effective
management of the migraine attack. A
comparison versus ergotamine. Headache 1986
May; 26(5):227-30; PMID: 3087910.

Bonuso S, Marano E, Di Stasio E, et al. The
frontotemporal region plays a role in the
genesis of migraine without aura. Headache
1995 Mar; 35(3):154-7; PMID: 7721576.

Borgesen SE, Nielsen JL, Moller CE. Letter:
Propranolol in migraine. Lancet; 1974: 58.

Borhani Haghighi A, Motazedian S, Rezaii R,
et al. Cutaneous application of menthol 10%
solution as an abortive treatment of migraine
without aura: a randomised, double-blind,
placebo-controlled, crossed-over study. Int J
Clin Pract 2010 Mar; 64(4):451-6; PMID:
20456191.

Bottini F, Celle ME, Calevo MG, et al.
Metabolic and genetic risk factors for migraine
in children. Cephalalgia : an international
journal of headache; 2006: 731-7.

Bou J, Gras J, Cortijo J, et al. Vascular effects
of the new anti-migraine agent almotriptan on
human cranial and peripheral arteries.
Cephalalgia 2001 Oct; 21(8):804-12; PMID:
11737005.

Brandes JL, Cady RK, Freitag FG, et al.
Needle-free subcutaneous sumatriptan
(Sumavel DosePro): bioequivalence and ease of
use. Headache 2009 Nov-Dec; 49(10):1435-44;
PMID: 19849720.

Brandes JL, Poole A, Kallela M, et al. Short-
term frovatriptan for the prevention of difficult-
to-treat menstrual migraine attacks. Cephalalgia
2009 Nov; 29(11):1133-48; PMID: 19811503.

Brandes JL, Smith T, Diamond M, et al. Open-
label, long-term tolerability of naratriptan for
short-term prevention of menstrually related
migraine. Headache 2007 Jun; 47(6):886-94;
PMID: 17578540.

Brescia-Morra V, De Marinis T, Gentile S, et
al. Flunarizine versus indobuphene: Open study
in the prophylaxis of migraine. Rassegna
Internazionale di Clinica e Terapia; 1990: 260-
4,

C-4

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Briars GL, Travis SE, Anand B, et al. Weight
gain with pizotifen therapy. Archives of
Disease in Childhood 2008 Jul; 93(7):590-3;
PMID: 18381348.

Brighina F, Piazza A, Vitello G, et al. rTMS of
the prefrontal cortex in the treatment of chronic
migraine: a pilot study. J Neurol Sci 2004 Dec

15; 227(1):67-71; PMID: 15546593.

Brigo B, Serpelloni G. Homeopathic treatment
of migraines: a randomized double-blind
controlled study of sixty cases (homeopathic
remedy versus placebo). Berlin Journal of
Research in Homeopathy; 1991: 1(2)98-106.

Brigo B, Serpelloni G, Bosco O. Homeopathic
treatment of migraine: 