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Preface

The Agency for Healthcare Research and Quality (AHRQ) conducts the Effective Health
Care Program as part of its mission to organize knowledge and make it available to inform
decisions about health care. As part of the Medicare Prescription Drug, Improvement, and
Modernization Act of 2003, Congress directed AHRQ to conduct and support research on the
comparative outcomes, clinical effectiveness, and appropriateness of pharmaceuticals, devices,
and health care services to meet the needs of Medicare, Medicaid, and the Children’s Health
Insurance Program (CHIP).

AHRQ has an established network of Evidence-based Practice Centers (EPCs) that produce
Evidence Reports/Technology Assessments to assist public- and private-sector organizations in
their efforts to improve the quality of health care. The EPCs now lend their expertise to the
Effective Health Care Program by conducting comparative effectiveness reviews (CERs) of
medications, devices, and other relevant interventions, including strategies for how these items
and services can best be organized, managed, and delivered.

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 are useful because they define the strengths and limits of the evidence,
clarifying whether assertions about the value of the intervention are based on strong evidence
from clinical studies. For more information about systematic reviews, see
http://www.effectivehealthcare.ahrg.gov/reference/purpose.cfm

AHRQ expects that CERs will be helpful to health plans, providers, purchasers, government
programs, and the health care system as a whole. In addition, AHRQ is committed to presenting
information in different formats so that consumers who make decisions about their own and their
family’s health can benefit from the evidence.

Transparency and stakeholder input from are essential to the Effective Health Care Program.
Please visit the Web site (http://www.effectivehealthcare.ahrg.gov) to see draft research
questions and reports or to join an e-mail list to learn about new program products and
opportunities for input. Comparative Effectiveness Reviews will be updated regularly.

We welcome comments on this CER. They may be sent by mail to the Task Order Officer
named below at: Agency for Healthcare Research and Quality, 540 Gaither Road, Rockville, MD
20850, or by e-mail to epc@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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Part A. Preventive Pharmacological Treatments for
Migraine in Adults

Structured Abstract

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

Data Sources: We searched major electronic bibliographic databases and trial registries up to
March 29, 2012.

Review Methods: We performed a systematic review of published in English randomized
controlled clinical trials (RCTSs) that examined prevention of episodic or chronic migraine and
rates of complete cessation of migraine, reduction of monthly migraine frequency by >50
percent, reduction in migraine-related disability, and improvement in quality of life with Food
and Drug Administration approved and off-label drugs. Studies that compared drugs with
nonpharmacological interventions and drug management interventions were also eligible. 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 treated.

Results: Episodic or chronic migraine prevention in adults was examined in 308 references,
including 183 RCTs that enrolled 48,875 adults with an average of six migraine attacks/month.
Middle-aged Caucasian women constituted a majority of enrollees. Few trials reported the
proportion of obese subjects, but many subjects were overweight; the average body mass index
was 25.8 kg/m?. More than half of the RCTs defined migraine according to the International
Headache Society definition. 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. RCTs examined 60 drugs from 16
drug classes. Botulinum toxin was more effective than placebo in reducing monthly chronic
migraine attacks by >50 percent (three RCTs of 459 adults, low strength of evidence) with
inconsistent improvement in quality of life. Reduction in episodic monthly migraine frequency
by >50 percent was examined in 84 RCTs with 41 drugs from 13 drug classes. All approved
drugs (botulinum toxin, topiramate, divalproex, timolol, and propranolol), 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 resulted in
clinical improvement in 200 to 400 patients per 1,000 treated. Intolerable adverse effects leading
to treatment discontinuation were examined in 52 RCTs with 28 drugs from eight drug classes.
Topiramate, divalproex, off-label antiepileptics, antidepressants, and ergot alkaloids resulted in
bothersome adverse effects leading to treatment discontinuation more often than placebo.
Divalproex and off-label antiepileptics resulted in bothersome adverse effects leading to
treatment discontinuation more often than beta blockers.

Limited direct evidence of comparative effectiveness from head-to-head RCTs demonstrated
no consistent significant differences in outcomes. Indirect adjusted frequentist analysis of the
comparative effectiveness of 17 effective (better than placebo) drugs demonstrated that the



angiotensin 11 receptor blocker candesartan was more effective than topiramate, propranolol,
timolol, valproate, metoprolol, gabapentin, and amitriptyline. Network Bayesian meta-analysis
demonstrated that angiotensin inhibiting drugs (captopril, lisinopril, candesartan), were the most
effective and safest for episodic migraine prevention in adults who have no contraindications to
examined drugs.

Individual RCTs of drug-management interventions offered low strength of evidence that
compared to 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 drug utilization.

Conclusions: For episodic migraine, off-label angiotensin inhibiting drugs have the best
benefits-to-harms profile. Approved and off-label beta blockers are effective without bothersome
harms. Approved antiepileptic drugs are effective but result in intolerable adverse effects. Long-
term preventive benefits and adherence with drugs are unknown. 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.> 2 Migraine
headaches range from moderate to very severe® and are sometimes debilitating.* 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 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 8 to13 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 people who experience episodic migraines might benefit from preventive
medication;® ** 3 yet, only about 12 percent of adults with frequent migraines take preventive
medication.? * 213 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 include 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, botulinum toxin. Doctors
also prescribe off-label drugs (approved for clinical conditions other than migraine prevention),
including novel antiepileptic drugs, calcium channel modulators, reuptake inhibitors of serotonin
and noradrenaline, glutamate blockers, and drugs from several other classes.*®’

Preventive treatments aim to eliminate headache pain.’®?° 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 rates of 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.?* 2 Drug choices in clinical practice are based on
familiarity, efficacy and adverse effects, headache frequency, presence of aura, comorbid
conditions, and patient preference.® 19 2429

Guidelines differ regarding initiation of preventive treatment. The American Migraine
Prevalence and Prevention guideline recommends preventive treatment for those with two or
more headache days with disability or four or more days with or without disability.*

Some guidelines recommend preventive treatments for patients who have five or more migraine
attacks per month,* but others suggest it for those who experience a headache on most days of
the month.?* 3132 Often, preventive treatment is recommended for only 6 to 9 months; however,
very limited research exists regarding migraine frequency after discontinuation of preventive
treatment.®

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 pharmacological and nonpharmacological treatments.®* Little
attention has been paid to the comparative effectiveness of off-label drugs to prevent migraine.
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Published reviews have not examined quality of life. Clinical reviews have compared the safety
of only a few drugs.>* *

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

After discussion with key informants,® we formulated a list of eligible pharmacological
classes. 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 (CRD42012001918).

Key Questions

Question 1

What are the efficacy and comparative effectiveness of pharmacological treatments for

preventing migraine attacks in adults?

a. How do preventive pharmacological treatments affect patient-centered and intermediate
outcomes when compared to placebo or no active treatment?

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

c. How do preventive pharmacological treatments affect patient-centered and intermediate
outcomes when compared to active nonpharmacological treatments?

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

Question 2
What are the comparative harms from pharmacological treatments for preventing migraine
attacks in adults?
a. What are the harms from preventive pharmacologic treatments when compared to
placebo or no active treatment?
b. What are the harms from preventive pharmacologic treatments when compared to active
pharmacological 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?

Question 3

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

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 March 29, 2012. To address grey literature, we searched the FDA Web site to find
medical and statistical reviews of the eligible drugs and several trial registries to find ongoing,
completed, and published trials of migraine prevention.

Eligibility

Three investigators independently determined study eligibility.* To assess the effectiveness
of drugs, we analyzed all included randomized controlled trials (RCTSs). 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 defined the target population as community-dwelling adults with episodic or chronic
migraine. We defined eligible preventive treatments, outcomes, time, and outpatient setting
following the analytical framework (Figure 1). We formulated a list of eligible interventions
following discussions with key informants and technical experts, and after consideration of
public comments. To assess treatment benefits, we analyzed all RCTs that aimed to examine
preventive pharmacological treatments for migraine in community-dwelling adults. 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.

Risk of Bias Assessment

We evaluated the risk of bias in individual studies using the criteria from the Cochrane tool
for bias in interventional studies.” We evaluated (1) random allocation of the subjects to the
treatment groups; (2) masking of the treatment status; (3) adequacy of allocation concealment;
(4) adequacy of randomization as similarity of the subjects in treatment groups by demographics;
frequency and severity of migraine and response to previous treatments; (5) intention-to-treat
principles; and (6) selective outcome reporting when compared to the methods sections in the
articles. We assumed a low risk of bias when RCTs met all of the risk of bias criteria, a moderate
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 selection and 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.
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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 and for treatment discontinuation due to harms.*® As
part of our strength of evidence assessment we also looked at dose-response association, strength
of association, and reporting bias. We defined treatment effect estimates as precise when pooled
estimates had reasonably narrow 95 percent Cls, and pooled sample had >400 events.*” We did
not include justification of the sample size into grading of the evidence nor did we conduct post
hoc statistical power analysis. 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 the biases.*®

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; for example, the studies had moderate 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 defined evidence as insufficient treatment effects or associations were
examined by a single study with unclear or high risk of bias.*® We applied this approach
irrespective 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.>

Data Extraction

Researchers used standardized forms to extract data. We conducted a double independent
quality control for the data extracted from RCTs; one reviewer abstracted an article and a second
reviewer checked the abstracted data for accuracy. 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 percent confidence
interval (CI).

We abstracted the number randomized to each treatment group as the denominator to
calculate estimates by applying intention-to-treat principles. 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 including demographics, migraine definition, baseline frequency and severity, and
prior treatment status as factors that can modify treatment effects. We abstracted sponsorship of
the studies, sponsor participation in study design, analysis, and presentation of data, and conflict
of interest by the authors.

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
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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
indi\éildgzal risk of bias criteria rather than a global score or a ranking category of overall risk of
bias.>™

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 img)lementation of the migraine definition proposed by the
International Headache Society.** Thus, eligible studies published before 2004 defined classic or
common migraine as per the Ad Hoc Committee on Classification of Headache.>

Using Meta-Analyst™ and STATA® software at a 95 percent confidence interval, 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 used
correction coefficients and intention to treat as recommended calculations for missing data.*

Pooling criteria for Key Questions 1 and 2 included the same active drug treatments and
comparators and the same definitions of the outcomes. Standardized mean differences were
calculated for different continuous measures of the same outcome. We synthesized sparse data
fixed Mantel-Haenszel relative risk, and Peto odds ratio.”® When studies had no events with
active, control, or both treatments, we used correction coefficients and calculated double arcsine
transformation for comparing two proportions, and odds ratios from random-effects generalized
nonlinear mixed-effect models.>* >

We tested consistency in the results by comparing the direction and strength of the
association®® and assessed heterogeneity in results with Chi-square and I-square 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.®®

The number needed to treat to achieve one event of a patient-centered outcome was calculated
as reciprocal to absolute risk differences (ARD) in rates of outcome events in the active and
control groups.®™ ® We calculated means and 95 percent 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.
We calculated Bayesian odds ratios®* ®° with 95 percent credible intervals. To conduct indirect
comparisons, we used Bayesian network meta-analysis®® and indirect adjusted frequentist
analyses.®” We synthesized evidence from drug classes in network meta-analysis when individual
drugs from the same class demonstrated no significant differences in outcomes. We performed all
calculations at 95 percent confidence level.
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Results

We identified 5,089 references and included 308 references (Figure 2 in the full report).
Overall, randomized trials examined 60 drugs from 16 pharmacological drug classes.

We synthesized the evidence of benefits from 183 RCTs published in 207 articles and
evidence of harms from the same RCTs and an additional 101 nonrandomized studies. Most
RCTs were conducted in the United States and Western countries. 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 moderate risk of bias, and about a third had low risk of bias. Proportions of low
risk of bias RCTs varied among examined drugs.

Applicability of study populations was good. Studies enrolled mostly adults with some
adolescents; average age was 35 to 40 years. Middle-aged Caucasian women constituted a
majority of the enrollees. Few trials reported the proportion of obese subjects, but many subjects
were overweight; the average body mass index was 25.8 kg/m?.

More than half of the RCTs defined migraine according to the International Headache
Society definition. Older publications used the Ad Hoc Committee on Classification of Headache
definition of migraine, and about 18 percent of RCTs did not specify a migraine definition. Most
trials included patients with and without aura. Enrolled patients had an average of six migraine
attacks per month. Most trials excluded patients with severe medical or psychiatric illnesses,
stroke, or contraindications to the examined drugs. Due to substantial variability in reporting
comorbidities, we could not include this information in quantitative synthesis of evidence. RCTs
rarely reported important patient characteristics that could modify drug effects (e.g., family
history of migraine, socioeconomic status, response to prior preventive treatments). Loss of
followup averaged 13 percent and was the highest with off-label antidepressants.

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

Studies examined four approved drugs for episodic migraine (topiramate, divalproex,
propranolol, and timolol), one approved drug for chronic migraine (botulinum toxin), and 55 off-
label preventive drugs. Clinically important reduction in episodic migraine frequency by >50
percent was examined with 41 different drugs from 13 drug classes, including four approved and
37 off-label drugs. Most trials examined a monotherapy with one active agent compared to
placebo or another drug. Treatments lasted an average of 19 weeks (from 4 to 68 weeks). 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 moderate or high risk of bias and imprecise estimates from individual or meta-analyzed RCTs
(Table A).
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a. How do preventive pharmacological treatments affect patient-
centered and intermediate outcomes when compared to placebo or
no active treatment?

Prevention of Chronic Migraine

Botulinum toxin was better than placebo in reducing monthly migraine attack by >50 percent
(Table A).

Prevention of Episodic Migraine

All approved drugs, off-label beta blockers, and angiotensin inhibiting drugs were better than
placebo in reducing monthly migraine frequency by >50 percent in individual patients (clinical
response) (Tables A and B).

Individual RCTs provided low strength of evidence that off-label drugs from different
pharmacological classes were effective in reducing monthly migraine frequency by >50 percent.
Only one off-label drug, captopril, resulted in more than 500 patients showing clinical response
attributable to active drugs per 1,000 treated. Other drugs achieved clinical response in 200 to
400 patients per 1,000 treated. In addition to >50 percent reduction in monthly migraine
frequency, individual RCTs of antiepileptic drugs and beta blockers improved other patient-
centered outcomes. Topiramate demonstrated significant improvements in 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 migraine attacks with nausea, vomiting,
phonophobia, or photophobia. Topiramate and propranolol decreased use of drugs for acute
migraine attacks.

Antiepileptic drugs carbamazepin and gabapentin were better than placebo in reducing
monthly migraine attacks by >50 percent. In contrast, carbazepine and acetazolamide failed to
prevent migraine attacks.

Beta blockers metoprolol, atenolol, and nadolol but not pindolol were better than placebo in
markedly reducing migraine attacks.

Antidepressants amitriptyline, tonabersat, and venlafaxine in a dose of 150 mg/day were
better than placebo in reducing monthly migraine attacks by >50 percent. In contrast, fluoxetine
failed to achieve a self-reported clinical response of “excellent.”

Calcium channel antagonists nimodipine, nicardipine, and verapamil were better than
placebo in reducing monthly migraine attacks by >50 percent. Rates of complete cessation of
migraine were significantly greater with nimodipine than placebo. Verapamil also reduced use of
drugs for acute migraine attacks.

Angiotensin converting enzyme inhibitor captopril was examined in adults with comorbid
hypertension and depressive symptoms for whom previous antimigraine drugs had been
ineffective. Captoptil was better than placebo in achieving complete cessation of migraine and
improvement in headache index by >50 percent and in reducing depression symptoms. Lisinopril
was better than placebo in reducing migraine days and severity of symptoms. It reduced pain
measured with SF-36, but did not decrease use of drugs for acute migraine attacks.
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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 had no effect on use of drugs for acute migraine
attacks. In contrast, telmisartan was not better than placebo in reducing monthly migraine attacks
by >50 percent. Telmisartan reduce the absolute number of migraine days, but had no effect on
use of drugs for acute attacks.

Antiadrenergic clonidine was better than placebo in reducing monthly migraine attacks by
>50 percent. Clonidine reduced use of drugs for acute migraine attacks but did not result in more
patients considered better by global assessment. Among other drugs, dihydroergotamine and
montelukast were not better than placebo in reducing monthly migraine attacks by >50 percent.

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

Individual RCTs provided low strength of evidence about the comparative effectiveness of
drugs and demonstrated few significant differences (Table C). Indirect adjusted frequentist
analysis demonstrated that the angiotensin Il receptor antagonist candesartan was more effective
than topiramate, propranolol, timolol, valproate, metoprolol, gabapentin, and amitriptyline.
Network Bayesian meta-analysis demonstrated that angiotensin inhibiting drugs were the most
effective for migraine prevention in adults (Table D).

Comparative Effectiveness of Botulinum Toxin on Prevention of

Chronic Migraine

Five RCTs provided low strength of evidence about comparative effectiveness of botulinum
toxin versus other drugs for chronic migraine prevention in 350 adults ages 18 to 65 with 12 to
24 migraine days per month. Individual RCTs examined the comparative effectiveness of
botulinum toxin 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 botulinum toxin; however, need for
acute drugs did not differ between the two. A single RCT examined the comparative
effectiveness of botulinum toxin versus divalproex sodium and found no differences in migraine
prevention, migraine-related disability, or quality of life between the two drugs.

Comparative Effectiveness of Approved Drugs on Prevention of
Episodic Migraine

Individual RCTs provided low strength of evidence that approved antiepileptics and beta
blockers were more effective than off-label drugs for migraine prevention (Table C). Topiramate
was more effective than amitriptyline or lamotrigine in reducing monthly headache intensity by
>50 percent. Decrease in headache frequency by >50 percent did not differ between topiramate
and zonasamide, valproate, levetiracetam, or lamotrigine.

A likelihood of >50 percent reduction in monthly migraines and use of the drugs for acute
migraine attacks did not differ with topiramate and propranolol. However, topiramate was more
effective than propranolol in reducing absolute migraine frequency, duration, and intensity.
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Propranolol was more effective than timolol or nifedipine in achieving >50 percent reduction
of frequency of attacks. A likelihood of >50 percent reduction of migraine days did not differ
between propranolol and clonidine, propranolol and metoprolol, propranolol and amitriptyline,
nortriptyline, or femoxetine. Nadolol at 160 mg/day was more effective than propranolol in
increasing the likelihood of clinically important reduction by >50 percent in headache frequency,
duration, and intensity. Differences between a lower dose of nadolol (80 mg/day) and
propranolol (160 mg/day) were not significant.

Comparative Effectiveness of Off-label Drugs on Prevention of
Episodic Migraine

Individual head-to-head RCTs provided low strength of evidence about comparative
effectiveness of off-label drugs for prevention of episodic migraine.

Double-blind RCTs of beta blockers demonstrated no difference in reduction of monthly
migraine attacks by >50 percent or absolute numbers of migraine days between metoprolol and
bisoprolol. Neither did reduction in monthly migraine attacks by >50 percent differ between
metoprolol and nebivolol. Migraine-related disability, quality of life, and use of acute drugs did
not differ with metoprolol and nebivolol. Metoprolol was more effective than aspirin, 300
mg/day, but less effective than aspirin, 1,500 mg/day, in reducing monthly migraine by >50
percent. 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.

Antidepressants fluvoxamine versus amitriptyline or venlafaxine versus amitriptyline
demonstrated similar effects on migraine frequency and severity.

Indirect Evidence of Comparative Effectiveness of Preventive Drugs
for Episodic Migraine

Network Bayesian meta-analyses demonstrated that ACE inhibitors, angiotensin 11
antagonists, and off-label beta blockers were the most effective drugs for preventing migraine in
adults (Table D). Propranolol, timolol, metoprolol, and atenolol resulted in significantly greater
odds of migraine prevention than antiepileptic, antidepressants, and other off-label drugs. All
other drugs had similar effectiveness. Indirect adjusted frequentist analysis of 17 effective (better
than placebo) drugs demonstrated that the angiotensin Il receptor blocker candesartan was more
effective than topiramate, propranolol, timolol, valproate, metoprolol, gabapentin, and
amitriptyline.

c. How do preventive pharmacological treatments affect patient-
centered and intermediate outcomes when compared to active
nonpharmacological treatments?

An individual RCT provided low strength of evidence that the likelihood of reducing
monthly migraine frequency by >25 percent did not differ between propranolol and an
intervention consisting of biofeedback-assisted diaphragmatic breathing and systematic
relaxation accompanied by home practice of diaphragmatic breathing and systematic relaxation.
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d. How do preventive pharmacological treatments combined with
nondrug treatments affect patient-centered and intermediate
outcomes when compared to pharmacological treatments alone?

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

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

Individual RCTs provided low strength of evidence that increasing the dose of botulinum
toxin, 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.

e2. 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 examined effectiveness of drug management for migraine prevention in 3,825
adults. Four RCTs examined the effectiveness of a multidisciplinary migraine management
program and two examined the effectiveness of pharmacist-led drug management (Table E).

Individual RCTs of drug management interventions provided low strength of evidence
compared to 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; an intensive pharmaceutical
care campaign had no statistically significant impact on use of acute drugs.

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

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

Adverse Effects with Approved Drugs for Chronic Migraine

Botulinum toxin resulted in adverse effects and treatment discontinuation due to adverse
effects more often than placebo (Table A). In meta-regression, strength of the association was
lower in trials with higher placebo rates of adverse effects. Increase in risk of adverse effects was
dose responsive. Patients experienced eyelid edema with 50U of botulinum toxin more often than
with 7.5 or 25U. Increasing doses of botulinum toxin to 150 to 225U resulted in greater risk of
blepharoptosis, muscle weakness, and neck rigidity.
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Adverse Effects with Approved Drugs for Episodic Migraine

Bothersome adverse effects leading to treatment discontinuation were examined in 52 RCTs
with 28 drugs from eight drug classes. Individual RCTs provided low strength of evidence that
topiramate, acetazolamide, and lamotrigine increased rates of treatment discontinuation due to
adverse effects more often than placebo. Indirect adjusted frequentist analysis of drugs that
caused bothersome adverse effects leading to treatment discontinuation demonstrated no
differences between topiramate, amitriptyline, and acetazolamide. Bayesian network meta-
analysis demonstrated that topiramate, divalproex, and off-label antiepileptics, antidepressants,
and ergot alkaloids increased rates of bothersome adverse effects leading to treatment
discontinuation (Table F). Divalproex and off-label antiepileptics resulted in bothersome adverse
effects leading to treatment discontinuation more often than beta blockers.

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 A). Published pooled
analysis of individual patient data demonstrated discontinuation of topiramate treatment due to
anorexia, anxiety, depression, and hypesthesia. Risk of adverse effects was dose responsive
according to the published pooled analyses of individual patient data. Larger doses of topiramate
caused higher risk of anorexia, depression, paresthesia, and difficulty in memory leading to
treatment withdrawal, dry mouth, marked anorexia, paresthesia or fatigue, mood problems,
nausea, and weight loss. Treatment discontinuation due to adverse effects did not differ between
divalproex or valproate versus placebo.

Neither propranolol nor timolol caused bothersome adverse effects leading to treatment
discontinuation more often than placebo. Timolol did not cause adverse effects more often than
placebo.

Adverse Effects with Off-label Drugs for Episodic Migraine

Eight double-blind RCTs examined safety of six off label antiepileptic drugs including
acetazolamide, gabapentin, vigabatrin, oxcarbazepine, carbamazepin, and lamotrigen. Individual
RCTs demonstrated that acetazolamide and lamotrigen resulted in treatment discontinuation due
to bothersome adverse effects more often than placebo. Rates of treatment discontinuation due to
adverse effects did not differ with placebo compared to carbamazepin, gabapentin, and
oxcarbazepine.

Among off-label beta blockers, treatment discontinuation due to bothersome adverse effects
did not differ with placebo compared to atenolol, bisoprolol, metoprolol, nadolol, or pindolol.

Individual RCTs found no differences in treatment discontinuation due to bothersome
adverse effects between placebo and antidepressants amitriptyline, femoxetine, fluoxetine, or
tonabersat.

Individual RCTs found no differences in treatment discontinuation due to bothersome
adverse effects between placebo, lisuride, and methysergide.
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b. What are the harms from preventive pharmacologic treatments when
compared to active pharmacological treatments?

Comparative Harms with Drugs for Prevention of Chronic
Migraine
Treatment discontinuation due to adverse effects was less frequent with botulinum toxin than

topiramate or amitriptyline (Table C). Botulinum toxin versus divalproex sodium resulted in a
higher risk of ptosis.

Comparative Harms with Drugs for Prevention of Episodic
Migraine

Individual RCTs provided low strength of evidence about treatment discontinuation due to
intolerable adverse effects with specific drugs. Individual RCTs showed that topiramate was
better tolerated than amitriptyline in adults with migraine. Treatment discontinuation due to any
adverse effects did not differ with topiramate compared to either zonasamide or valproate.

Treatment discontinuation due to exact adverse effects differed between topiramate and other
drugs according to individual RCTs. For example, somnolence and weight gain leading to
withdrawal was more common with amitriptyline than topiramate. Risk of exact adverse effects
also differed between topiramate and other drugs according to individual RCTs. Topiramate
increased risk of weight loss when compared to amitriptyline or levetiracetambut but not sodium
valproate. Topiramate increased risk of paresthesia when compared to amitriptyline, zonasamide,
levetiracetam, or sodium valproate. Risk of dry mouth and constipation was lower with
topiramate than amitriptyline.

Treatment discontinuation due to bothersome adverse effects did not differ with propranolol
and aspirin or femoxetine. Treatment discontinuation due to bothersome adverse effects did not
differ between behavioral migraine management and propranolol or between behavioral migraine
management and propranolol in a combined intervention and propranolol alone.

Treatment discontinuation due to adverse effects did not differ between metoprolol versus
bisoprolol or nebivolol. Patients experienced moderate adverse effects, fatigue, and bradicarida
more often with metoprolol than with nebivolol. Gastrointestinal side effects leading to
withdrawal were more common with aspirin than metoprolol. However, total adverse effects and
autonomic nervous system and psychiatric disorders were more common with metoprolol than
aspirin. Treatment discontinuation due to intolerable adverse effects occurred less often with
metoprolol than clomipramine.

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

Bothersome adverse effects leading to treatment discontinuation were examined with 28
different drugs from eight drug classes. Bayesian network meta-analyses demonstrated that
topiramate, divalproex, and off-label antiepileptics, antidepressants, and ergot alkaloids resulted
in bothersome adverse effects leading to treatment discontinuation more often than placebo
(Table F). Divalproex and off-label antiepileptics resulted in bothersome adverse effects leading
to treatment discontinuation more often than beta blockers. More often than any other examined
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drugs, divalproex and off-label antiepileptics led to treatment discontinuation due to bothersome
adverse effects.

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?

We found no studies that examined adverse effects with drug management interventions.

Question 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

Botulinum toxin 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. Botulinum toxin decreased the likelihood of acute drug use in patients
with a baseline of more than 12 monthly migraine days (RR 0.78, 95 percent CI, 0.66 to 0.92).

Amitriptyline was better than placebo in reducing monthly migraine only in patients with
>17 migraine attacks per month. Amitriptyline was better than placebo in reducing monthly
migraine only in depressed patients 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 association with increased baseline migraine days (odds ratio 2.4, 95 percent ClI,
1.45 to 3.8 for every additional day of migraine at baseline).

Concurrent Prophylactic Medication Use

Botulinum toxin more often than placebo led to adverse effects, blepharoptosis, muscle
weakness, and neck pain, irrespective 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 a low risk of bias RCT. Per 1,000 women treated, topiramate caused a complete
cessation of migraine attacks in 37 (95 percent Cl, 8 to 67) and a reduction of monthly migraine
attacks by >50 percent in 249 (95 percent CI, 178 to 320). However, men experienced a
reduction of monthly migraine 75 to 90 percent more often with topiramate than with placebo.

Presence of Aura

Gabapentin reduced migraine attack frequency and intensity significantly more than placebo
irrespective of the presence of aura. Patients with aura experienced slightly greater reduction in
migraine frequency (mean difference -2.2, 95 percent Cl, -2.7 to -1.7) than patients without aura
(mean difference -1.6, 95 percent CI, -2.2 to -0.9). Patients with aura experienced slightly greater
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reduction in migraine intensity (mean difference-0.83, 95 percent Cl, -1.12 t0-0.54) than patients
without aura (mean difference -0.42, 95 percent ClI, -0.77 to -0.07).

Discussion

All approved drugs, off-label beta blockers, and angiotensin acting drugs were better than
placebo in reducing monthly migraine frequency by >50 percent (clinical response). The relative
effect size of drugs was moderate: drugs resulted 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 moderate risk of bias in more than half of included RCTs. Strength
of evidence was high only for topiramate, moderate for timolol and metoprolol, 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. The role of financial conflict of interest and
industry sponsor participation in data analyses and interpretation was difficult to evaluate
because of 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 inconsistently reported.® ®

Applicability of the studies’ population was good 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.”>"

Few RCTs reported treatment effects in patient subpopulations. Low strength of evidence
suggested that botulinum toxin’ and amitriptyline” were more effective in patients with
frequent baseline migraine. Rates of migraine prevention varied from 1 to 50 percent in
examined RCTs. Our review demonstrated that a relative risk of adverse effects with botulinum
toxin was lower in trials with higher placebo rates of adverse effects.”” Previous research
demonstrated that compared to 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 acting
drugs and beta blockers were the most effective and safe drugs. Head-to-head trials were not
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designed to test safety with migraine preventive drugs. Very few trials demonstrated significant
increase in rates of bothersome adverse effects leading to treatment discontinuation when
compared to placebo. In contrast, network meta-analysis demonstrated that patients stopped
taking drugs more often than placebo with topiramate, divalproex, off-label antiepileptics,
antidepressants, and ergot alkaloids.

Average rates of treatment discontinuation due to bothersome adverse effects were 6 percent
with placebo, 6 percent with propranolol, and 4 percent with off-label beta blockers. In contrast,
15 percent of patients stopped taking topiramate, 12 percent stopped taking divalproex, 12
percent stopped taking antidepressants, and 10 percent stopped taking an off-label antiepileptic.
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 effective and safest drugs should be the first choice in adult migraine prevention.
Our review demonstrated that approved beta blockers along with off-label beta blockers and
angiotensin acting drugs have better benefits and harms profiles than other drugs examined in
RCTs in adults who have episodic migraine and no contraindications to examined drugs. We
found no published controlled observational studies about preventive drug use and comparative
effectiveness of approved versus off-label 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 drugs, with the most common being anticonvulsants
(46 percent), gabapentin (83 percent), and amitriptyline hydrochloride (81 percent).” We found
that off-label antiepileptic and antidepressants demonstrated worse benefits and safety profiles
than beta blockers or angiotensin acting 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
comparative safety evidence in clinical settings is needed in the United States.

Our report has limitations. First, we acknowledge possible reporting bias in complete
outcomes availability from all conducted 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 RCTSs that posted the results in Clinicaltrials.gov
reported all harms irrespective of rate or assumed association with active drugs. 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
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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 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
pharmacological 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. According to our analyses of 26 RCTs, flunarizine was not
better than placebo in reducing monthly migraine attacks by >50 percent or in reducing use of
acute drugs.

We identified gaps and biases in available evidence that should direct future research.
Randomized well-designed 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 role of patient age, gender, race, migraine
family history, comorbidities, and prior treatment response in modifying benefits and harms with
migraine preventive drugs. Observational studies should analyze off-label drug utilization 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.

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 (botulinum toxin, topiramate, divalproex,
timolol, and propranolol) and off-label beta blockers were better than placebo in reducing
monthly migraine frequency by >50 percent. However, topiramate, divalproex, and off-label
antiepileptics and antidepressants resulted in bothersome adverse effects leading to treatment
discontinuation more often than placebo.

Our review identified gaps in evidence and directions for future research. Long-term
preventive benefits and adherence with 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 role of patient characteristics on long-
term drug benefits and safety.

Key Messages

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

Effect of Preventive Pharmacological Treatments on Patient-centered
and Intermediate Outcomes Compared to Placebo or No Active
Treatment
e All approved drugs, off-label beta blockers, and ACE inhibitors were better than placebo
in reducing monthly migraine frequency by >50 percent (clinical response).
e Relative effect of drugs was moderate: drugs resulted in clinical response in 200 to 400
patients per 1,000 treated.
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e Only one off-label drug, captopril, resulted in an attributable clinical response in more
than 500 patients per 1,000 treated.

e Strength of evidence was high for topiramate, moderate for timolol and metoprolol, and
low for other drugs due to moderate risk of bias and imprecise estimates.

e Low strength of evidence from individual RCTs suggested a dose-responsive increase in
migraine prevention with higher doses of botulinum toxin, topiramate (from 50-100 mg
with no additional benefits with 200 mg/day), pindolol, nadolol, bisoprolol, and
venlafaxine.

Effect of Preventive Pharmacological Treatments on Patient-centered
and Intermediate Outcomes Compared to Active Pharmacological
Treatments
e Individual RCTs provided low strength of direct evidence about the comparative
effectiveness of drugs and demonstrated few significant differences.
e Network Bayesian meta-analysis of 84 RCTs with 41 different drugs from 13 drug
classes demonstrated that ACE inhibitors, angiotensin 11 receptor antagonists,
propranolol, and off-label beta blockers are more effective than all other drugs.

Effect of Preventive Pharmacological Treatments on Patient-centered
and Intermediate Outcomes Compared to Active Nonpharmacological
Treatments
e Individual RCTs provided low strength of evidence a >50 percent reduction in monthly
migraine attacks did not differ with propranolol versus biofeedback or amitriptyline
versus spinal manipulation.

Influence of Approaches to Drug Management (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.
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 Bothersome adverse effects leading to treatment discontinuation were examined in 52
RCTs with 28 different drugs from eight drug classes.
e Moderate strength of evidence suggested that topiramate and botulinum toxin resulted in
bothersome adverse effects leading to treatment discontinuation more often than placebo.
e The association was dose responsive for topiramate.
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Among other drugs, acetazolamide and lamotrigine resulted in bothersome adverse
effects leading to treatment discontinuation more often than placebo.

Limited low strength evidence from individual head-to-head RCTs suggested that
propranolol was safer than nifedipine and metoprolol was safer than clomipramine in
regard to causing intolerable adverse effects.

Bayesian network meta-analysis suggested that topiramate, divalproex, off-label
antiepileptic, antidepressants, and ergot alkaloids increased the rates of bothersome
adverse effects leading to treatment discontinuation.

Divalproex and the off-label antiepileptic resulted in bothersome adverse effects leading
to treatment discontinuation more often than beta blockers.

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.

Botulinum toxin was more effective in patients with a higher mean baseline migraine
frequency.

Amitriptyline was better than placebo in reducing monthly migraine only in patients with
>17 migraine attacks per month and in depressed patients with baseline severe migraine.
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Table A. Efficacy and safety of migraine preventive pharmacological treatments, evidence from meta-analyzed randomized controlled

clinical trials

Rate, Absolute Number Attributable Strength of
Outcome Active vs. control Sample percent Relative risk risk needed to events per evidence
preventive treatment with drug (95%Cl) difference treat 1000 treated Reasons for
[placebo] (95% Cl) (95% Cl) (95% Cl) lowering SOE
250% decrease in  Botulinum toxin vs. 459 50.6 15 0.17 6 (4to 12) 170 Low
migraine placebo [34.4] (1.2t0 1.8) (0.08 to 0.26) (82 to 258) (moderate ROB,
frequency imprecision)
Discontinuations Botulinum toxin vs. 1384 3.8 3.2 0.03 38 26 Moderate
related to adverse placebo [1.1] (1.4t07.1) (0.01to 0.04) (23 to 100) (10 to 43) (moderate ROB)
effect
250% reductionin  Topiramate 50 to 1,145 41.8 1.8 0.18 5 182 High
monthly migraine ~ 200mg/day vs. placebo [22.8] (1.1t02.9) (0.08 t0 0.28) (4 to 11) (93 to 271)
days
275% decrease in  Topiramate 50 to 1,327 21.2 21 0.12 7 142 High
migraine 200mg/day vs. placebo [9.9] (1.6 t0 2.8) (0.02t0 0.22) (4 to 48) (21 to 262)
frequency
275% reductionin  Topiramate vs. placebo 328 15.2 21 0.11 10 105 Moderate
monthly migraine [9.2] (1.6 t0 2.9) (0.02t0 0.19) (6 to 27) (37 to 173) (imprecision)
days
250% decrease in  Topiramate 100 mg/day 774 44.1 2.0 0.26 4 250 High
migraine vs. placebo [21.7] (1.3t03.2) (0.07 to 0.44) (3to 10) (104 to 396)
frequency
250% decrease in  Topiramate 200mg/day 746 46.4 2.0 0.23 4 224 High
migraine vs. placebo [24.2] (1.3t0 3.0) (0.12t0 0.33) (3to 8) (123 to 325)
frequency
250% decrease in  Topiramate 50mg/day 507 37.9 1.7 0.23 4 244 High
migraine vs. placebo [21.2] (1.2 to 2.6) (0.06 to 0.41) (2 to 22) (46 to 441)
frequency
Complete cure Topiramate 50 to 893 5.2 2.2 0.03 Not Not significant Moderate
200mg/day vs. placebo [1.7] (0.9t05.5) (-0.02 to0 0.07) significant (imprecision)
Discontinued due  Topiramate 100 mg/day 1719 12.6 1.6 0.04 28 36 Moderate
to adverse events  vs. placebo [6.2] (1.1t02.2) (0.01 to 0.06) (17 to 71) (14 to 58) (moderate ROB)
Discontinued due  Topiramate 200 mg/day 586 22.2 2.6 0.15 7 146 Low
to adverse events  vs. placebo [6.6] (1.5 10 4.6) (0.07 t0 0.22) (4 to 15) (68 to 223) (moderate ROB,
imprecision)
Discontinuations Topiramate 50 mg/day 310 175 15 0.06 Not Not significant Low
due to adverse vs. placebo [10.8] (0.7 t0 2.9) (-0.03t0 0.15) significant (moderate ROB,
events imprecision)
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Table A. Efficacy and safety of migraine preventive pharmacological treatments, evidence from meta-analyzed randomized controlled
clinical trials (continued)

Rate, Absolute Number Attributable Strength of
Outcome Active vs. control Sample percent Relative risk risk needed to events per evidence
preventive treatment with drug (95%Cl) difference treat 1000 treated Reasons for
[placebo] (95% CI) (95% Cl) (95% Cl) lowering SOE
250% decrease in  Divalproex vs. placebo 346 43.0 2.1 0.23 4 226 Low
migraine [24.2] (0.9t0 4.7) (0.03t0 0.43) (2 to 40) (25 to 427) (moderate ROB,
frequency imprecision)
Discontinuations Divalproex mean dose 346 9.8 1.2 0.02 Not Not significant Low
due to adverse 871-1087 vs. placebo [7.8] (0.5t02.7) (-0.051t0 0.10) significant (moderate ROB,
effects imprecision)
250% decrease in  Propranololvs. placebo 559 45.5 2.0 0.26 4 256 Low
migraine [21.0] (1.51t02.7) (0.16 t0 0.35) (3to0 6) (158 to 353) (moderate ROB,
frequency imprecision)
250% decreasein  Timolol vs. placebo 276 49.4 21 0.3 4 265 Moderate
migraine [23] (1.5t03.1) (0.2t0 0.4) (3to 6) (154 to 377) (moderate ROB)
frequency
250% decrease in  Metoprolol vs. placebo 291 39.9 2.0 0.20 5 204 Moderate
migraine [19.4] (1.3t03.2) (0.09t0 0.3) (3to 11) (88 to 321) (moderate ROB)
frequency
250% decrease in  Propranolol vs. 113 38.2 0.8 -0.12 Not Not significant Low
migraine metoprolol [50.0] (0.5t0 1.2) (-0.30 to 0.06) significant (moderate ROB,
frequency imprecision)
250% decreasein  Timolol 242 47.9 1.0 -0.03 Not Not significant Low
migraine vs. propranolol [50.4] (0.7t0 1.2) (-0.151t0 0.10) significant (moderate ROB,
frequency imprecision)
250% decrease in  Propranolol vs. 76 46.2 2.3 0.27 4 274 Low
migraine Nifedipine [18.9] (1.1t0 4.6) (0.09 to 0.46) (2to 11) (89 to 458) (high ROB,
frequency imprecision)

SOE - strength of evidence; ROB — risk of bias
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Table B. Evidence map for efficacy and safety of migraine preventive pharmacological treatments (show if reported in more than one

study)

Active
treatment vs.
placebo

# of RCTs/sample size
Treatment response
Strength of evidence

# of RCTs/sample size
Treatment
discontinuation due to
adverse effects
Strength of evidence

# of RCTs/sample size
Quality of life
Strength of evidence

Conclusion

Botulinum toxin  3/459 2/1384 Inconsistent in individual Botulinum toxin was better than placebo in preventing
Improvement Increase RCTs migraine but resulted in bothersome adverse effects
Low Moderate Insufficient leading to treatment discontinuation.
Topiramate 50 Complete cure Not available from RCTs Not available from RCTs Topiramate was not better than placebo in achieving
to 200mg/day 4/893 complete cure from migraine attacks.
Not significant
Moderate
Topiramate 4/507 2/310 Not available from RCTs Topiramate, 50 mg/day was better than placebo in
50mg/day Improvement Not significant achieving 250% reduction in monthly migraine
High Low frequency and did not result in treatment
discontinuation due to bothersome adverse effects.
Topiramate 100  4/774 711719 1/328 Topiramate, 100 mg/day was better than placebo in
mg/day Improvement Increase Improvement achieving 250% reduction in monthly migraine
High Moderate Low frequency but also led to treatment discontinuation
due to adverse effect.
Topiramate 5/746 4/586 Significant improvement in Topiramate, 200 mg/day was better than placebo in
200mg/day Improvement Increase individual RCTs achieving 250% reduction in monthly migraine
High Low Low frequency but also led to treatment discontinuation
due to adverse effect.
Topiramate, 200mg vs. 50 mg 2/365 Not available from RCTs Increase in topiramate dose to 100 mg/day resulted

dose response

3/526 Improvement
200mg/day vs. 100mg/day
3/526 Not significant

Not significant

in higher response rate without additional benefit from
increasing the dose to 200 mg/day.

Divalproex 2/346 2/346 Not available from RCTs Divalproex was better than placebo in preventing
sodium Improvement Not significant migraine and did not increase rates of treatment
Low Low discontinuation due to bothersome adverse effects.
Timolol 3/276 1/94 Not available from RCTs Timolol was better than placebo in preventing
Improvement Not significant migraine and did not result in bothersome adverse
Moderate Low effects leading to treatment discontinuation.
Propranolol 5/560 1/166 Not available from RCTs Propranolol was better than placebo in preventing
Improvement Not significant migraine and did not increase rates of treatment
Low Low discontinuation due to bothersome adverse effects.
Amitriptyline Improvement in composite  2/507 Not available from RCTs Amitriptyline was better than placebo in improving

score 250%
1/116
Improvement
Low

Not significant
Low

composite score and did not result in treatment
discontinuation due to bothersome adverse effects.
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Table C. Comparative effectiveness and safety with migraine preventive drugs in adults, direct evidence from head-to-head randomized

controlled clinical trials

Treatment comparison

# of RCTs/sample size
Treatment response
Strength of evidence

# of RCTs/sample size
Treatment discontinuation due
to adverse effects
Strength of evidence

Conclusion

Topiramate 100 mg/d vs.
propranolol

1/285
Not significant
Low

Not available from RCTs

Topiramate, 100mg, and propranolol did not differ in
migraine prevention. Comparative safety on bothersome
adverse effects leading to treatment discontinuation was
not examined.

Topiramate 200 mg/d vs.
propranolol

1/288
Not significant
Low

Not available from RCTs

Topiramate, 200 mg, and propranolol did not differ in
migraine prevention. Comparative safety on bothersome
adverse effects leading to treatment discontinuation was
not examined.

Divalproex vs. propranolol 1/74 1/74 Divalproex and propranolol did not differ in migraine
Not significant Not significant prevention or bothersome adverse effects leading to
Insufficient Insufficient treatment discontinuation.

Propranolol vs. clonidine 1/46 Not available from RCTs Propranolol and clonidine did not differ in migraine

Not significant
Low

prevention. Comparative safety on bothersome adverse
effects leading to treatment discontinuation was not
examined.

Propranolol vs. metoprolol

2/113
Not significant
Low

Not available from RCTs

Propranolol and metoprolol did not differ in migraine
prevention. Comparative safety on bothersome adverse
effects leading to treatment discontinuation was not
examined.

Propranolol vs. nadolol

1/91
Worse effect
Low

Not available from RCTs

Propranolol was less effective than nadolol in preventing
migraine. Comparative safety on bothersome adverse
effects leading to treatment discontinuation was not
examined.

Timolol vs. propranolol

2/242
Not significant
Low

Not available from RCTs

Timolol and propranolol did not differ in migraine
prevention. Comparative safety on bothersome adverse
effects leading to treatment discontinuation was not
examined.

Propranolol vs. nifedipine 2/76 1/40 Propranolol was more effective and safe than nifedipine.
Improvement Better Safety
Low Insufficient

Propranolol vs. nortriptyline 1/49 Not available from RCTs Propranolol and nortriptyline did not differ in migraine

Not significant
Low

prevention. Comparative safety on bothersome adverse
effects leading to treatment.

Propranolol vs. amitriptyline

1/108
Not significant
Low

Not available from RCTs

Propranolol and amitriptyline did not differ in migraine
prevention. Comparative safety on bothersome adverse
effects leading to treatment.
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Table C. Comparative effectiveness and safety with migraine preventive drugs in adults, direct evidence from head-to-head randomized
controlled clinical trials (continued)

Treatment comparison

# of RCTs/sample size

Treatment response

Strength of evidence

# of RCTs/sample size
Treatment discontinuation due

to adverse effects

Strength of evidence

Conclusion

Propranolol vs. femoxetine 1/29 Not available from RCTs Propranolol and femoxetine did not differ in migraine
Not significant prevention. Comparative safety on bothersome adverse
Low effects leading to treatment.
Lisuride vs. methysergide 1/253 1/253 Lisuride and methysergide did not differ in migraine
Not significant Better Safety prevention. Lisuride resulted in less rates of treatment
Low Low discontinuation due to bothersome adverse effects.
Behavioral migraine 1/124 1/124 Combined behavioral migraine management +
management vs. behavioral Worse effect Not significant propranolol/nadolol treatment was more effective than
migraine management + Low Low behavioral migraine management alone with no
propranolol/nadolol differences in treatment discontinuation due to
bothersome adverse effects.
Clomipramine vs. metoprolol Not available from RCTs 1/126 Comparative effectiveness of clomipramine vs. metoprolol
Increase on 250% reduction in monthly migraine attack was not
Low examined. Metoprolol results in lower rated of treatment
discontinuation due to adverse effects.
Metoprolol vs. bisoprolol 1/230 1/156 Comparative effectiveness of metoprolol vs. bisoprolol on
Not significant Not significant 250% reduction in monthly migraine attack was not
Low Low examined. Treatment discontinuation due to bothersome
adverse effects did not differ with two drugs.
Metoprolol vs. nebivolol 1/30 1/30 Comparative effectiveness of metoprolol vs. nebivolol on
Not significant Not significant 250% reduction in monthly migraine attack was not
Low Low examined. Treatment discontinuation due to bothersome

adverse effects did not differ with two drugs.

Bold — significant effects of drugs on treatment response and discontinuation due to adverse effects when 95% CI of attributable events per 1000 treated do not

include 0.
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Table D. Odds ratios from network Bayesian meta-analysis of clinically important (250%) reduction in migraine with preventive drugs in
adults, results from randomized controlled clinical trials (84 RCTs with 41 different drugs)

Control Valproate ACE inhibitors Off-label .

Active Placebo Topiramate or Propranolol  or angiotensin beta Anti- fol.abel. Ergqt
dival block block depressants antiepileptics alkaloids
ivalproex ockers ockers

Topiramate 2.9 (1.9;4.5)

Valproate or 34(1.7;7.0) 1.2(0.5;2.6)

divalproex

Propranolol 35(2.2,58) 1.2(0.7;22) 1.0(0.5;2.2)

ACE inhibitors or  17.3 (6.2;58.9) 6.0 (2.0;21.4) 5.2 (1.5;20.9) 4.9 (1.6;17.5)

angiotensin

blockers

Off-label beta 48(2.983) 1.7(0.93.2) 1.4(0.6;3.3) 1.4(0.8;2.4) 0.3 (0.1,0.9)

blockers

Antidepressants 2.9 (1.5;5.6) 1.0 (0.5;2.0) 0.8(0.3;2.1) 0.8(0.4;1.6) 0.2 (0.0;0.6) 0.6 (0.3;1.3)

Off-label 23(1.2,44) 0.8(0.4;12.6) 0.7(0.3;1.8) 0.6(0.3;1.4) 0.1 (0.0;0.4) 0.5(0.2;1.1) 0.8(0.3;1.9)

antiepileptics

Ergot alkaloids 1.2(0.3,5.7) 0.4(0.1;2.1) 0.4(0.2;2.0) 0.3(0.1;2.7) 0.1 (0.0;0.4) 0.3(0.1;1.3) 0.4(0.1;2.2) 0.5(0.1;2.9)

Other off-label 3.3(2.05.7) 1.1(0.6;2.1) 1.0(0.4;2.1) 0.9(0.5;1.6) 0.2 (0.1,0.6) 0.7 (0.4;1.2) 1.2(0.5;2.5) 1.4 (0.7;3.2) 2.7 (0.5;13.9)

drugs

Bold - significant effects of drugs when 95% CI of odds ratios do not include 1.
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Table E. 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 moderate

Multidisciplinary intervention: It 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 moderate

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 US
Headache Consortium guidelines); and 3) proactive follow-up by a case-manager.

More effective in improving quality
of life and satisfaction with care;
196 adults per 1,000 treated (95
percent Cl, 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

It consisted of 5 sessions with sic participants and lasting 2 hours each:
"Introduction and syndrome education" ; "Medication rules and the risk of Medication
Overuse Headache" including information about prophylactic migraine medication
and medication overuse; "Medication intake behavior" aimed at raising awareness
for "external" and "internal" influences on patient's medication intake
behavior;“General and personal risk factors for drug intake"; "Everyday transfer
aimed to 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, 2006
Standardized course of didactic
instructions regarding migraine

biogenesis and management (“headache

school")
Sample: 100
Risk of bias moderate

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 successfully
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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Table F. Odds ratios from network Bayesian meta-analysis of treatment discontinuation due to bothersome adverse effects with
preventive drugs in adults, results from randomized controlled clinical trials (52 RCTs with 28 different drugs)

ActivecoerI Placebo Topiramate Valproate Propranolol Divalproex Of{):igile?:ta Antidepressants ant(i)él;)lilaé)petlics
Topiramate 2.2 (1.5;3.4)

Valproate 2.0(0.3;12.8) 1.0 (0.1;6.0)

Propranolol 1.5 (0.6;3.5) 0.7 (0.3;1.7) 0.(0.1;5.1)

Divalproex 4.2 (1.0;21.7) 1.9 (0.4;20.4) 2.0(0.2;24.6) 2.8(0.7;15.3)

Off-label beta 0.5(0.2;1.1) 0.2 (0.1,0.6) 0.2 (0.0;1.8) 0.3(0.1;0.9) 0.1 (0.0;0.6)

blockers

Antidepressants 2.5 (1.5;4.5) 1.2 (0.6;2.1) 1.2 (0.2;8.2) 1.8 (0.7;4.4) 0.6 (0.1;2.8) 5.2(2.1;13.1)

Off-label 1.8 (1.0;3.4) 0.8 (0.4;1.6) 0.9 (0.1;6.3) 1.3(0.4;3.6) 0.4 (0.1;2.1) 3.7(1.4;,10.2) 0.7 (0.3;1.6)

antiepileptics

Other off-label 3.9 (1.8;9.5) 1.8(0.7;4.6) 1.9(0.3;12.2) 2.8(1.1;7.1) 0.9(0.2;4.7) 8.1(2.9;26.2) 1.6 (0.7;3.9) 2.2 (0.8;6.3)
drugs

Bold - significant effects of drugs when 95% CI of odds ratios do not include 1.
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FDA
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Absolute risk difference
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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 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, prevention should be
considered for episodic migraine defined as >4 monthly migraine days with normal functioning
or >2 migraine days with severe impairment.® For 8 to 13 percent of those who experience
migraine, the condition is chronic'® (defined by the National Headache Foundation as migraine
that occurs >15 days per month for at least 3 months).*>*? Chronic migraine significantly affects
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 those
affected 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.* * %%

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, botulinum toxin. Doctors also prescribe off-label drugs (approved for clinical conditions
other than migraine prevention) for migraine prevention, which include novel antiepileptic drugs,
calcium channel modulators, glutamate blockers, and several other drug classes.?® %

Preventive treatment aims to eliminate headache pain.”*** 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 pain relief, preventive drugs can also decrease
severity of migraine attacks, use of acute drugs, improve quality of life, normalize brain activity,
and eliminate photophobia, phonophobia, nausea, and vomiting.* 2

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.?” 22 Drug choices are based on efficacy and adverse
effects as well as headache frequency, presence of aura, and comorbid conditions. 2 232933
Some 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.*! *43% Often, preventive treatment is recommended for only 6 to 9 months; however,
very Iimitgd 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 available options for pharmacological and nonpharmacological treatment.®
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.*® * Patients with chronic migraine comprise the
majoBrity of those seen in headache specialty clinics that practice multidisciplinary coordinated
care.

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, the review focuses on outpatient care.

After discussion with key informants®” we formulated a list of eligible pharmacological
classes. 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®® (CRD42012001918).*

Key Questions

Question 1

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

a. How do preventive pharmacological treatments affect patient-centered and
intermediate outcomes when compared to placebo or no active treatment?

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

c. How do preventive pharmacological treatments affect patient-centered and
intermediate outcomes when compared to active nonpharmacological treatments?

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

Question 2

What are the comparative harms from pharmacological treatments for preventing migraine
attacks in adults?
a. What are the harms from preventive pharmacologic treatments when compared to
placebo or no active treatment?
b. What are the harms from preventive pharmacologic treatments when compared to
active pharmacological 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?

Question 3

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



Methods
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 March 29, 2012. We searched the FDA website for medical and
statistical reviews of the 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.

Eligibility

We followed the AHRQ Methods Guide to select evidence from controlled trials and
observational studies.*”® Three investigators independently determined study eligibility according
to recommendations from the Cochrane Handbook for Systematic Reviews of Interventions.** We
used all included randomized controlled trials (RCTSs) 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 (Figure 1 and Appendix B). We formulated a list of eligible
interventions following discussions with key informants and technical experts and after
consideration of public comments (Table 1 Appendix B).

Inclusion Criteria

1. Original epidemiologic studies that aimed to examine preventive pharmacological
treatments for migraine.

2. Publication in English.

3. 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.™

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



5. Drugs approved by the FDA for migraine prevention and off-label drugs examined in
clinical trials.

We reviewed RCTs that included adults with migraine, comorbid headache disorders, or
tension headache if they examined prevention of migraine.

Exclusion Criteria

1. Studies of treatments aimed at acute migraine attacks.

2. 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.

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

outcomes.

Studies that involved surgical treatments for migraine.

5. Preclinical pharmacokinetic studies of eligible drugs; studies that examined the
pathophysiology of migraine reporting instrumental measurements or biochemical
outcomes.

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

&

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.

Risk of Bias Assessment

We evaluated the risk of bias in individual studies according to recommendations from the
Cochrane Handbook for Systematic Reviews of Interventions.** First, we classified studies by
their design as either interventional (randomized controlled trials [RCTs], nonrandomized
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 tool for bias in interventional studies,*® we
evaluated: (1) random allocation of the subjects to the treatment groups; (2) masking of the
treatment status; (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 to methods section in the articles. We assumed a low risk of bias when
RCTs met all the risk of bias criteria, a moderate 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 selection and attrition bias.>

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.



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 and for treatment discontinuation due to harms.*?
We defined treatment effect estimates as precise when pooled estimates had reasonably narrow
95 percent confidence intervals (Cls), and pooled sample size was greater than 400.>* We did not
include justification of the sample size into grading of the evidence nor did we conduct post hoc
statistical power analysis. When appropriate, dose-response association, strength of association,
and reporting bias were also included. 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
reporting bias as publication bias, selective outcomes reporting, and multiple publication bias.
We did not perform formal statistical tests quantifying the biases.**

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 moderate 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 defined evidence as insufficient when a single study with high
risk of bias examined treatment effects or associations. We applied this approach irrespective of
statistical significance of the results.

Table 1. Strength of evidence ranks and definitions

Grade Definition

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

Moderate Moderate confidence that the evidence reflects the true effect. Further research may change our
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 months followup or more had high applicability, as did large
observational cohorts based on national registries, population-based effectiveness trials, and
nationally representative administrative and clinical databases.

Data Extraction

Researchers used standardized forms to extract data (available at
https://netfiles.umn.edu/xythoswfs/webui/ xy-21041370 1-t yA|BY2Cn). We conducted a
double independent quality control for the data extracted from RCTs; 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



https://netfiles.umn.edu/xythoswfs/webui/_xy-21041370_1-t_yAjBY2Cn

risk, and absolute risk differences. Means and standard deviations of continuous variables were
abstracted to calculate mean differences with a 95 percent CI.

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. 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, migraine definition, baseline frequency, severity, and prior
treatment status) as factors that can modify treatment effects. 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.

Data Synthesis

We summarized the results into evidence tables. 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
RCTSs was restricted to studies with low or moderate 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 recent migraine definition proposed by the
International Headache Society. Thus, eligible studies published before 2004 defined classic or
common migraine according to the Ad Hoc Committee on Classification of Headache.?®

Using Meta-Analyst™ and STATA® software at a 95 percent Cl, 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 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 and intention to treat
as recommended calculations for missing data.** We synthesized sparse data defined as rates less
than 2 percent by calculating fixed Mantel-Haenszel relative risk and Peto odds ratio.®* When
studies had no events with active, control, or both treatments, we used correction coefficients and
calculated double arcsine transformation for comparing two proportions and odds ratios from
random-effects generalized nonlinear mixed-effect models.>® 64

Pooling criteria for Key Questions 1 and 2 included the same active drug treatments and
comparators and the same definitions of the outcomes. Standardized mean differences were
calculated for different continuous measures of the same outcome.



We tested consistency in the results by comparing the direction and strength of the
association®” and assessed heterogeneity in results with Chi-square and I-square tests.®® ®” We
explored heterogeneity with meta-regression and sensitivity analysis and 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.®®

The number needed to treat to achieve one event of a patient-centered outcome was calculated
as reciprocal to absolute risk differences (ARD) in rates of outcome events in the active and
control groups.® ®® We calculated means and 95 percent 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. We calculated Bayesian odds ratios® ® with 95 percent credible intervals.

For indirect comparisons we conducted Bayesian network random effects meta-analysis
assuming heterogeneous variances across treatments.”* We also used adjusted indirect frequentist
comparisons.’® We synthesized evidence from drug classes in network meta-analysis when
individual drugs from the same class did not demonstrate significant differences in outcomes. All
calculations were performed at 95 percent confidence level.
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Results

We identified 5,089 references and included 308 references (Figure 2). All excluded
references are presented in Appendix C. We identified 84 registered studies, 14 of which were
published (16 percent). Abstracted data is available in Appendix D with evidence tables
(available at https://netfiles.umn.edu/xythoswfs/webui/ xy-21041343 1-t zdhvSpvy).
Randomized trials examined 60 drugs from 16 pharmacological 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 D3). More than half of the RCTs had moderate risk
of bias and about a third had low risk of bias (Appendix Table D3). Proportions of RCTs with
low risk of bias varied among drugs (Appendix Table D3).

Applicability of study populations was good. Most RCTs were conducted in the United
States and Western countries. Published RCTs rarely presented subject flows and did not report
why some eligible subjects were not randomized and therefore excluded from the trials
(Appendix Table D4). 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 (Appendix Table D4). Investigators
recruited patients in clinics in 47 percent of trials, did not report this information in half of RCTs,
and clearly indicated community-based recruitment in 3 percent of RCTs. We estimated that
investigators had to screen about two patients to enroll one subject in RCTs of antiepileptic drugs
or angiotensin Il antagonists, three patients to enroll one subject in RCTs that examined beta
blockers, and four patients to enroll one subject in RCTs of antidepressants (Appendix Table
D4).

More than half of RCTs defined migraine according to the International Headache Society’s
definition (Appendix Table D5). Older publications used the definition of migraine developed by
the Ad Hoc Committee on Classification of Headache, and about 18 percent of RCTs did not
specify a migraine definition. Most trials included patients with and without aura. 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 (Appendix Table D6). Studies
enrolled mostly adults (average age was 35 to 40 years old) and adolescents (Appendix Table
D7). Women comprised a majority of the enrolled subjects (Appendix Table D8).

Few trials reported a proportion of obese subjects, but many participants were overweight
according to the average body mass index (25.8kg/m2). Enrolled patients had an average of six
migraine attacks/month (Appendix Table D9). Loss of followup averaged around 13 percent and
was highest with off-label antidepressants (Appendix Table D10). Patient age and baseline
migraine frequency were similar in most trials (Appendix Table D11).

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

Studies examined four approved drugs for episodic migraine (topiramate, divalproex,
propranolol, and timolol), one approved drug for chronic migraine (botulinum toxin), and 55 off-
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label preventive drugs. Clinically important reduction in episodic migraine frequency by >50
percent was examined with 41 different drugs from 13 drug classes, including four approved and
37 off-label drugs. Most trials examined a monotherapy with one active agent compared to
placebo or another drug. Treatments lasted an average of 19 weeks (from four to 68 weeks).
RCTs rarely reported exact drugs and doses of concomitant treatments. However, most trials
disallowed concomitant drugs during the run-in period and after randomization, thus implying no
concomitant treatments in the RCTs. Strength of evidence was low due to moderate or high risk
of bias and imprecise estimates from individual or meta-analyzed RCTs (Table A).

a. How do preventive pharmacological treatments affect patient-
centered and intermediate outcomes when compared to placebo or
no active treatment?

All approved drugs, off-label beta blockers, and angiotensin inhibiting drugs were better than
placebo in reducing monthly migraine frequency by >50 percent in individual patients (clinical
response). When we analyzed how many patients experienced this level of clinical response we
found that only one off-label drug, captopril, resulted in more than 500 attributable to active
drugs cases per 1,000 treated. Other drugs achieved 200 to 400 cases of clinical response per
1,000 treated. Only a few RCTs examined quality of life, providing no consistent evidence of
improvement with examined drugs.

Prevention of Chronic Migraine
Muscle Relaxants

Botulinum Toxin

We identified 15 RCTs of 4,566 adults that examined efficacy of botulinum toxin for
migraine prevention (Evidence Table D12). The studies enrolled an average of 285+253 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 comprised 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
(Evidence Table D13). All RCTs were double blind and most had low risk of bias (Evidence
Table D14).

Botulinum toxin was better than placebo in reducing monthly migraine attacks by >50
percent (three RCTs of 459 adults, low strength of evidence) (Table 2 and Appendix Table
D15).”"8 Botulinum toxin tended to increase the likelihood of >50 percent reduction in migraine
frequency compared to placebo in all RCTs (Appendix Table D15). Pooled relative increase by
50 percent achieved statistical significance (pooled RR 1.5, 95 percent Cl, 1.2 to 1.8). Pooled
analyses demonstrated that 170 adults per 1,000 treated (95 percent Cl, 82 to 258) would
experience >50 percent reduction in migraine frequency (Table 2).

For intermediate outcomes, the absolute number of migraine attacks did not differ between
botulinum toxin and placebo (Appendix Table D17). Improvement in migraine severity was
inconsistent across four RCTs (Appendix Table D18).”® "*8! Improvement in migraine disability
assessment was inconsistent across two RCTs (Appendix Table D18).”" % 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

11



Questionnaire (Appendix Table D18).2? Significant improvement was demonstrated in global
assessment, severity of migraine symptoms, better self-management of migraine, and ability to
work and participate in recreational activities (Appendix Table D18).%

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

Prevention of Episodic Migraine
Antiepileptics

Topiramate

Twenty-three RCTs and two pooled analyses of individual patient data from RCTs examined
efficacy of topiramate versus placebo for migraine prevention in adults (Appendix Table D19).
Trials enrolled 10,100 adults with an average sample size of 439+359. Women constituted 90
percent of enrollees. Patients had an average 7+4 migraine attacks/month at baseline. The
proportion of patients without aura varied from 65 percent® to 100 percent.2® Most trials were
funded by industry (Appendix Table D20). All trials were double blind and most had low risk of
bias (Appendix Table D21).

Topiramate in doses of 50, 100, or 200 mg/day was better than placebo in reducing monthly
migraine frequency by >50 percent (high strength of evidence) (Table3 and Appendix Table
D22). The results were consistent across the studies and robust regardless of pooling methods
(Appendix Table D23). Topiramate was also better than placebo in reducing monthly migraine
days by >50 percent (high strength of evidence) (Table 4). Topiramate, 100 mg/day, decreased
the absolute number of migraine days by 5 days/month in pooled analyses of RCTs (Appendix
Table D24). Topiramate failed to achieve a complete cessation of migraine.

The reduction in migraine severity scores was inconsistent across the studies (Appendix
Table D25). Individual RCTs demonstrated significant improvement in quality of life as
measured by scores on the Headache Impact Test,2® Migraine Specific Questionnaire,®’ and
Migraine Disability Assessment (MIDAS) (Appendix Table D26).% Improvement in disability
was large and clinically important in adults with chronic migraine according to the RCT from the
TOPMAT-MIG-201 (TOP-CHROME) Study Group (Appendix Table 26).2 Topiramate was
better than placebo in improving general health status in a previously published pooled analysis
of individual patient data from RCTs (Appendix Table D28).%° Medical Outcome Study Short
Form 36 (SF-36) scores improved by more than 200 percent for self-reported vitality and more
than 100 percent for improvement in pain and general health (Appendix Table D27).%

Topiramate was better than placebo in reducing use of acute drugs (Appendix Table D28).
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 D28).

Divalproex (Table 5)

Three RCTs of 590 adults examined the efficacy of divalproex for migraine prevention in
adults. The average sample size was 174+66, and the average age of enrollees was 42+3 years.
Women constituted 82 percent of all enrollees (Appendix Table D29). Patients had an average of

12



six migraine attacks/month at baseline. All three RCTs were funded by industry (Appendix Table
D30) and all were double blind (Appendix Table D31).

Divalproex was better than placebo in reducing monthly migraine frequency by >50 percent
(two RCTs of 346 patients, low strength of evidence) (Appendix Table D32).% %! A larger dose
of divalproex (1500 mg/day) was effective in reducing by >50 percent migraine-related effects,
including impairment of usual activities, need for symptomatic medication, and nausea,
vomiting, phonophobia, or photophobia (Appendix Table D33).% Evidence was low due to
imprecise treatment effect.’* We estimated that 200 to 300 patients per 1,000 treated would
experience clinically important reduction in migraine attacks attributable to divalproex (Table 5).

Valproate

Two small RCTs of 75 adults examined efficacy of valproate for migraine prevention in
adults (Table 6 and Appendix Table D29). Trials enrolled adults with a mean age of 40+9 years.
Women constituted 82 percent of enrollees. Patients had an average of six migraine
attacks/month at baseline. Both trials were double blind and had moderate risk of bias because
investigators did not use planned intention-to-treat principles (Appendix Table D31).

Valproate in a dose of 1,000 to 1,500 mg/day was better than placebo in reducing monthly
migraine frequency by >50 percent (one RCT of 43 patients, low strength of evidence (Table
6). We estimated that 256 patients per 1,000 treated (95 percent 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 D34).

Beta Blockers

Propranolol

Nineteen publications of 18 RCTs examined the efficacy of propranolol versus placebo for
migraine prevention in adults (Table 7 and Appendix Table D35). Trials enrolled 1,501 adults
with an average sample size of 80+124. Women constituted 76 percent of enrollees. Patients had
an average of five migraine attacks/month at baseline. Most trials failed to report funding sources
(Appendix Table D36). All trials were double blind but did not analyze the data according to
planned intention-to-treat principles (Appendix Table D37).

Propranolol was better than placebo in reducing migraine monthly frequency by >50 percent
(five RCTs of 560 adults, low strength of evidence due to risk of bias and imprecision)
(Appendix Table D38). Preventive effect of propranolol was consistent across the studies
(Appendix Table D39). Propranolol caused a small but significant decrease in the absolute
number of monthly migraine attacks (mean difference -1, 95 percent Cl, -2 to -0.3).%%

A single RCT demonstrated that propranolol decreased analgesics utilization (mean
difference -0.3, 95 percent Cl, -0.4 to -0.1 doses per patient day) and use of abortive ergotamine
for acute attacks (mean difference -0.1, 95 percent Cl, -0.3 to -0.1 doses per patient day).”

Timolol

Timolol (three RCTs of 276 adults, moderate strength of evidence) (Appendix Table D40)
was better than placebo in reducing monthly migraine attacks by >50 percent (Appendix Table
D41).%": 10010 \\/e estimated that 265 adults per 1,000 treated with timolol (95 percent CI, 154 to
377) would experience a >50 percent reduction in monthly migraine attacks (Table 8). Timolol
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also decreased an absolute number of migraine attacks and severity of headaches (Appendix
Table D42).

Off-label Drugs

Off-label Antiepileptic Drugs

Eight RCTs examined six off-label antiepileptic drugs, including acetazolamide, gabapentin,
vigabatrin, oxcarbazepine, carbamazepin, and lamotrigen (Appendix Table D43). Most trials
were sponsored by industry (Appendix Table D44) and all were double blind (Appendix Table
D45).

Carbamazepin (one RCT of 96 adults, low strength of evidence) and gabapentin (two RCTs
of 139 patients, low strength of evidence) were better than placebo in reducing monthly migraine
attacks by >50percent (Table 9). Individual RCTs found that oxcarbazepine and acetazolamide
were not better than placebo in preventing migraine attacks (Table 9).

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

Seventeen RCTs examined the effects of off-label beta blockers versus placebo for migraine
prevention in adults (Table 10 and Appendix Table D46). Most trials failed to report funding and
conflict of interest (Appendix Table D47). All trials were double blind with moderate risk of bias
because the investigators did not use planned intention-to-treat principles (Appendix Table D48).

Metoprolol

Metoprolol was better than placebo in markedly reducing migraine attacks (moderate
strength of evidence from two RCTs of 225 adults) (Appendix Tables D49 and D50).1% 1%
Pooled analysis found a significant increase in the likelihood of a clinical response (Appendix
Table D51)'%% 1% byt no effect on absolute number of migraine attacks (Appendix Table
D52)_103-105

Metoprolol reduced severity of migraine attacks in a single RCT (Appendix Table D51).
Regarding use of drugs for acute attacks, evidence with metoprolol was mixed; one trial reported
reduced use of such drugs and a second reported increased analgesic use (Appendix Table
D52).103’ 104

104

Atenolol

Atenolol (one RCT of 48 adults, low strength of evidence) (Appendix Table D50) was better
than placebo in reducing monthly migraine attacks by >50 percent (Table 10).%® Atenolol
significantly reduced use of ergotamine drugs in a single RCT (Appendix Table D47).1%

Nadolol

Nadolol (one RCT of 32 adults, low strength of evidence) (Appendix Table D50) was better
than placebo in reducing monthly migraine attacks by >50 percent (Table 10).2%7 In a single
RCT, nadolol improved perceived relief in frequency, intensity, and severity of migraine attacks
(Appendix Table D47).%"
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Alprenolol

Alprenolol (one RCT of 33 adults, low strength of evidence) (Appendix Table D50) was not
better than placebo in achieving perceived treatment success (Table 10).*®Alprenolol did not
reduce the absolute number of monthly migraine attacks or Headache Index scores (Appendix
Table D49).1%®

Pindolol

Pindolol (one RCT of 28 adults) was not better than placebo in reducing monthly migraine
attacks by >50 percent (Appendix Table D48).2%° Pindolol did not reduce the absolute number of
monthly migraine attacks or Headache Index scores (Appendix Table D49).1%°

Antidepressants

Twenty-four RCTs examined the effectiveness of off-label antidepressants for migraine
prevention in adults (Appendix Table D53). Trials enrolled 2,687 adolescents and adults with
episodic migraine. Most trials that reported funding were sponsored by industry (Appendix Table
D54). Most trials were double blind with moderate risk of bias (Appendix Table D55).

Amitriptyline
Amitriptyline (two RCTs of 228 adults, low strength of evidence) (Table 11) was better than
placebo in reducing monthly migraine attacks by >50 percent.*'

Fluoxetine
Fluoxetine (one RCT of 32 adults, low strength of evidence) (Table 11) was not better than
placebo in achieving an excellent self-reported clinical response.**

Tonabersat
Tonabersat (one RCT of 124 adults, low strength of evidence) (Table 11) was better than
placebo in reducing monthly migraine attacks by >50 percent.*2

Venlafaxine
Venlafaxine (one RCT of 60 adults, low strength of evidence) (Table 11) in a dose of 150 but
not 75 mg/day was better than placebo in achieving an excellent self-reported clinical

response.™

Calcium Channel Antagonists

Eleven RCTs examined calcium channel blockers for migraine prevention in adults
(Appendix Table D56). Most trials were sponsored by industry and failed to disclose conflict of
interest (Appendix Table D57). All trials were double blind, with moderate risk of bias
(Appendix Table D58).

Nimodipine

Nimodipine was better than placebo in reducing monthly migraine attacks by >50 percent
(Table 12).*** Rates of complete cessation of migraine were also significantly greater with
nimodipine than placebo.*
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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.**” 8 VVerapamil 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 D59).*° ** One industry-funded RCT examined lisinopril (Appendix Table
D60).™*° One RCT that did not report funding source or conflict of interest examined captopril.*?°
Both trials were double blind with low risk of bias (Appendix Table D61).

Captoptil

Captoptil (one RCT of 12 adults, low strength of evidence) was examined in a small RCT
that enrolled adults with comborbid hypertension and depressive symptoms for whom drugs had
previously failed to prevent migraines.*® Captoptil was better than placebo in achieving
complete cessation of migraine and improvement in Headache Index scores by more than 60
percent (Table 13).2%° The effect was large. We estimated that 667 patients per 1,000 treated
experienced no migraine (95 percent Cl, 388 to 946).° Captopril was also better than placebo in
reducing depression symptoms.*?°

Lisinopril

Lisinopril (one RCT of 60 adults, low strength of evidence) was better than placebo in
reducing migraine days and severity of symptoms (Table 13).**° Lisinopril also reduced the
absolute number of migraine days and body pain measured with SF36, 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 D59).1%* 122 Both trials were funded by industry and
reported conflict of interest (Appendix Table D60).1?!*? Both trials were double blind
(Appendix Table D61).

Candesartan

Candesartan (one RCT of 60 adults, low strength of evidence) was better than placebo in
achieving >50 percent reduction in migraine days, hours, and severity (Table 13). Candesartan
also decreased migraine related disability but had no effect on use of drugs for acute attacks.**

Telmisartan

Telmisartan (one RCT of 95 adults, low strength of evidence) was not better than placebo in
reducing monthly migraine attacks by >50 percent (Table13).}?* Telmisartan reduced the
absolute number of migraine days but had no effect on use of drugs for acute attacks.*??
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Antiadrenergics

Clonidine

Thirteen RCTs examined clonidine for its effects on migraine prevention in adults (Appendix
Table D62). Most trials failed to report funding and conflict of interest (Appendix Table D63).
Most trials were double blind but did not use intention-to-treat principles (Appendix Table D64).
Only one trial reported clinically important reduction in migraine and found that clonidine was
superior to placebo in reducing monthly migraine attacks by >50 percent (Table 11).*?* Clonidine
was not better than placebo in increasing the number of patients considered better according to
self-reported global assessment.'?* 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 a small low risk of bias RCT.**’

Ergot Alkaloids

Nine RCTs examined effectiveness of ergot alkaloids for migraine prevention in adults
(Appendix Table D65). Trials enrolled 1,040 adolescents and adults with episodic migraine.
Trials failed to report funding and conflict of interest (Appendix Table D66). Most trials were
double blind with moderate risk of bias (Appendix Table D67).

Dihydroergotamine
Dihydroergotamine (one RCT of 384 adults, low strength of evidence) (Table 14) was not
better than placebo in reducing monthly migraine attacks by >50 percent.'?®

Leukotriene Receptor Antagonists

Montelukast
Montelukast (one RCT of 177 adults) was not better than placebo in reducing monthly
migraine attacks by >50 percent (Table 12).*#°

Nonsteroid Anti-inflammatory Drugs
Individual RCTs demonstrated that aspirin, flurbiprofen, and fenoprofen were effective in
reducing migraine frequency by >50 percent (Table 15).

Antipsychotic Drugs

Published RCTs did not examine antipsychotic drugs for migraine prevention. Quetiapine
was examined in one uncontrolled trial of refractory migraine, defined as previous
unresponsiveness to the combination of atenolol, nortriptyline, and flunarizine.**® Adult patients
with <15 days of headache per month who were not overusing symptomatic medications 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).*
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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.*" %

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

Individual RCTs provided low strength of evidence about comparative effectiveness of
drugs, finding few significant differences (Table C in the Executive Summary). Network
Bayesian meta-analysis demonstrated that ACE inhibitors, angiotensin Il receptor antagonists,
propranolol, and off-label beta blockers are more effective than all other drugs (Table D in the
Executive Summary).

Approved Drugs
Muscle Relaxants

Botulinum Toxin

Five RCTs of 350 adults examined comparative effectiveness of botulinum toxin versus other
drugs for migraine prevention (Appendix Table D68). Trials enrolled an average of 70+18
patients ages 18 to 65 with 12 to 24 migraine days per month. Women constituted 91 percent of
all enrolled. Trials were funded by industry®®* *** or grants,**® with most investigators disclosing
conflict of interest (Appendix Table D69). All but one RCT*** were double blind, with moderate
or high risk of bias due to inadequacy of randomization or unplanned intention-to-treat analyses
(Appendix Table D70). 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 botulinum toxin versus topiramate was examined in two RCTs
(low strength of evidence) that found no significant differences in likelihood of migraine
prevention or improvement in migraine disability assessment (Appendix Table D71).13 1%
Physicians assessed treatment responses as marked improvement in migraine frequency more
often with topiramate than botulinum toxin (ARD 0.33, 95 percent Cl, 0.10 to 0.57) (Appendix
Table 71).** Absolute scores on the Headache Impact Test were significantly better with
topir%glate than botulinum toxin.*®® Use of drugs for acute attacks did not differ between the
two.

Comparative effectiveness of botulinum toxin versus divalproex sodium was examined in a
single RCT (low strength of evidence) found no differences in migraine prevention with two
drugs (Appendix Table D72).22 Neither the absolute number of migraine days nor change scores
from baseline in the migraine Disability Assessment Scores and/or Headache Impact Test
differed between the drugs.®
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Comparative effectiveness of botulinum toxin versus amitriptyline was examined in a single
RCT that found no differences in migraine prevention with the two drugs (Appendix Table
D73).2% Evidence was insufficient due to a high risk of bias in this individual RCT.*®

Antiepileptics

Topiramate

Nine RCTs of 872 adults examined comparative effectiveness of topiramate with other drugs
for migraine prevention (Appendix Table D74). Trials enrolled an average 97+95 adults aged
35+4 with an average of 9+7/monthly migraines. Women constituted 77 percent of enrollees.
Most trials did not report funding source or conflict of interest (Appendix Table D75). All but
one trial were double blind with low or moderate risk of bias (Appendix Table D76).

Individual RCTs provided low strength of evidence that topiramate was more effective than
amitriptyline in reducing monthly headache days by >50 percent (one RCT of 347 adults) (Table
16)." Topiramate was more effective than lamotrigine in reducing monthly headache intensity
by >50 percent (one RCT of 120 adults).**® Differences were small (less than 20 percent absolute
risk difference) but statistically significant (Appendix Table D77). Decrease in headache
frequency by >50 percent did not differ between topiramate and zonasamide,**® valproate,
levetiracetam,** or lamotrigine®®® (Table 16). Topiramate was more effective than propranolol in
reducing absolute migraine frequency, duration, and intensity (one RCT of 62 adults).**

140

Valproate

One RCT examined comparative effectiveness of valproate versus cinnarizine ™ (Appendix
Tables D78 and D79). The trial enrolled 125 adolescents and adults with a mean age of 34 years;
enrollees suffered an average of seven attacks/month.** This double-blind trial had low risk of
bias (Appendix Table D80). Neither the likelihood of a clinically important reduction in monthly
migraine frequency nor the duration and intensity of attacks differed between the drugs (Table 17
and Appendix Table D81).1%3

143

Beta Blockers

Propranolol

Twenty-nine publications of 25 RCTs examined the comparative effectiveness of propranolol
for migraine prevention in adults (Table 7 and Appendix Table D82). Trials enrolled 3,469 adults
with an average sample size of 131+224. Women constituted 76 percent of enrollees. Most trials
failed to report funding (Appendix Table D83). Most trials were double blind but did not analyze
the data according to planned intention-to-treat principles (Appendix Table D84).

Propranolol Versus Topiramate (one RCT of 575 adults, low strength of evidence) (Table 7)
The likelihood of >50 percent reduction in monthly migraine frequency did not differ

between topiramate and propranolol (Appendix Table D37).% Topiramate was more effective

than propranolol in reducing absolute migraine frequency, duration, and intensity (one RCT of

62 adults).**? Use of drugs for acute attacks did not differ between the two drugs.”
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Propranolol Versus Divalproex (one RCT of 74 adults) (Table 7)

The likelihood of >50 percent reduction in monthly migraine frequency and headache days
did not differ between propranolol and divalproex.*** Evidence from a single RCT with high risk
of bias was insufficient (Appendix Table D38).

Propranolol Versus Clonidine (one RCT of 46 adults, low strength of evidence) (Table 7)
The likelihood of >50 percent reduction in migraine days did not differ between propranolol
and clonidine (Appendix Table D38).**

Propranolol Versus Cinnarizine (one RCT of 28 adults) (Table 7)

Propranolol was more effective than cinnarizine in achieving complete cessation of migraine
attacks (low strength of evidence from a single RCT) (Appendix TableD38).'* Propranolol
combined with cinnarizine was more effective in achieving complete cessation of migraine

attacks than drugs alone (low strength of evidence from a single RCT) (Appendix Table D38).24°

Propranolol Versus Metoprolol (two RCTs of 113 adults) (Table 7)

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 (low strength of
evidence) (Appendix Table D38).2": %8 Differences were not significant in either trial or in
pooled analysis (Appendix Table D39).

Propranolol Versus Nadolol (one RCT of 140 adults) (Table 7)

Nadolol, 160 mg/day, was more effective than propranolol in achieving a reduction of >50
percent in migraine frequency, duration, and intensity (low strength of evidence) (Appendix
Table D38).1*° Differences between lower dose of nadolol (80 mg/day) and propranolol (160
mg/day) were not significant.® 4

Propranolol Versus Timolol (three RCTs of 242 adults) (Table 7)

Propranolol was more effective than timolol in reducing monthly migraine frequency by >50
percent (low strength of evidence) (Appendix Table D38).°"*® The association was consistent in
pooled analysis (Appendix Table D39).

Propranolol Versus Nifedipine (two RCTs of 76 adults)
Propranolol was more effective than nifedipine in reducing monthly migraine frequency by
>50 percent (low strength of evidence) (Appendix Tables D38 and D39).14 1

Propranolol Versus Amitriptyline (one RCT of 108 adults) (Table 7)
The likelihood of >50 percent reduction in monthly migraine attacks did not differ between
propranolol and amitriptyline (low strength of evidence) (Appendix Table D38).%*

Propranolol Versus Nortriptyline (one RCT of 49 adults) (Table 7)

The likelihood of >50 percent reduction in monthly migraine attacks did not differ between
propranolol and nortriptyline (low strength of evidence) (Appendix Table D38).2*2 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.**2
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Propranolol Versus Femoxetine (one RCT of 29 adults) (Table 7)
The likelihood of >50 percent reduction in monthly migraine attacks did not differ between
propranolol and femoxetine (low strength of evidence) (Appendix Table D38).1>

Off-label Drugs

Off-label Beta Blockers

Seven RCTs examined comparative effectiveness of off-label beta blockers for migraine
prevention in adults (Appendix Table D85). The trials failed to report funding and conflict of
interest (Appendix Table D86). All trials were double blind (Appendix Table 87).

Metoprolol Versus Bisoprolol (one RCT of 250 adults, low strength of evidence) (Appendix
Table D88).™>*

Neither reduction in monthly migraine attacks by >50 percent nor absolute number of migraine
days differed between metoprolol and bisoprolol (Table 18)*** (Appendix Table 89).1>* 1*°

Metoprolol Versus Nebivolol (one RCT of 30 adults, low strength of evidence) (Evidence
Table 88)™°

Reduction in monthly migraine attacks by >50 percent did not differ between metoprolol and
nebivolol (Table 18)."*® Neither migraine-related disability, use of drugs for acute attacks
(Appendix Table D90), nor quality of life (Appendix Table D89) differed between metoprolol
and nebivolol.*®

Metoprolol Versus Aspirin (two RCTs of 326 adults, low strength of evidence) (Appendix
Table D88).1>" 18

Metoprolol was more effective than aspirin, 300 mg/day,*® but less effective than aspirin,
1,500 mg/day (Table 18).1%®

Metoprolol Versus Clonidine (one RCT of 62 adults, low strength of evidence) (Appendix
Table D98).

Reduction in monthly migraine attacks by >50 percent did not differ between metoprolol and
clonidine (Table 18).*° However, more patients noticed a reduction in migraine days with
metoprolol than clonidine (Appendix Table D90).™

Antidepressants
Evidence of comparative effectiveness of antidepressants was limited to individual RCTs
with moderate or high risk of bias.

Femoxetine Versus Propranolol (one RCT of 24 adults, low strength of evidence).!*?

The likelihood of reducing monthly migraine attacks by >50 percent did not differ between
the two drugs, nor did the duration or intensity of attacks or use of acute drugs.*>

Fluoxetine + amitriptyline versus amitriptyline (one RCT of 39 adults, low strength of
evidence) resulted in similar migraine frequency and severity.*®

Fluvoxamine versus amitriptyline (one RCT of 64 adults, low strength of evidence) resulted
in similar migraine frequency and severity.**

Venlafaxine versus amitriptyline (one RCT of 76 adults, low strength of evidence) resulted in
similar migraine frequency and severity.**2
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Venlafaxine Versus Escitalopram (one RCT of 105 adults)
Evidence from a single high risk of bias RCT was insufficient to conclude comparative
effectiveness of these two drugs.*®

Indirect Evidence of Comparative Effectiveness of Preventive Drugs

Network Bayesian meta-analyses demonstrated that ACE inhibitors, angiotensin 11
antagonists, and off-label beta blockers were the most effective drugs for preventing migraine in
adults. Propranolol, timolol, metoprolol, and atenolol resulted in significantly greater odds of
migraine prevention than antiepileptics, antidepressants, or other off-label drugs. All other drugs
had similar effectiveness. Indirect adjusted frequentist analysis of 17 effective (better than
placebo) drugs demonstrated that the angiotensin Il receptor blocker candesartan was more
effective than topiramate, propranolol, timolol, valproate, metoprolol, gabapentin, and
amitriptyline.

Clinically important reduction in migraine frequency by >50 percent was examined with 41
different drugs from 13 drug classes. To find a model that fits the data, we conducted sensitivity
analyses of approved individual drugs versus off-label drug classes and individual beta blockers
versus other drug classes. We first analyzed the comparative effectiveness of 11 treatments
including placebo, topiramate, valproate, divalproex, propranolol, timolol, ACE inhibitors
(captopril or lisinopril), angiotensin 11 antagonists (candesartan, telmisartan), off-label beta
blockers (nadolol, metoprolol, atenolol, bisoprolol, nebivolol, pindolol), off-label antidepressants
(amitriptyline, femoxetine, fluoxetine, nortriptyline, tonabersat, venlafaxine), off-label
antiepileptics (acetazolamide, carbamazepin, gabapentin, lamotrigine, oxcarbazepine,
zonasamide), off-label ergot alkaloids (dihydroergotamine, lisuride, methysergide), and other
off-label drugs (clonidine, catapresan, cinnarizine, magnesium, aspirin, nifedipine, nimodipine,
montelukast). This analysis clearly demonstrated that all drugs excluding ergot alkaloids were
better than placebo preventing migraine. Comparative effectiveness analyses demonstrated that
ACE inhibitors or angiotensin Il antagonists were the most effective in migraine prevention in
adults (Appendix Table D91). Off-label beta blockers were the second best treatment for
migraine prevention. However, differences in odds ratios were not statistically significant. All
other drugs had similar effectiveness.

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 ACE inhibitors or angiotensin Il antagonists were more effective than all other treatments
(Appendix Table D92). Propranolol, 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.

Finally, we analyzed the comparative effectiveness of 12 treatments including topiramate,
divalproex, propranolol, angiotensin inhibiting drugs, calcium channel antagonists,
antidepressants, antiepileptics, ergot alkaloids, and NSADs (Appendix Table D93). This analysis
also clearly demonstrated that all but ergot alkaloids were better than placebo, and that
angiotensin inhibiting drugs were more effective than topiramate, divalproex, propranolol,
calcium channel antagonists, antidepressants, antiepileptics, and ergot alkaloids.

Indirect adjusted frequentist analysis of 17 effective (better than placebo) individual drugs
demonstrated that the angiotensin Il receptor blocker candesartan was more effective than

22



topiramate, propranolol, timolol, valproate, metoprolol, gabapentin, and amitriptyline (Appendix
Table D94).

c. How do preventive pharmacological treatments affect patient-
centered and intermediate outcomes when compared to active
nonpharmacological treatments?

Beta Blockers

Propranolol Versus Biofeedback (one RCT of 192 adults, low strength of evidence)

The likelihood of >25 percent reduction in monthly migraine frequency did not differ
between propranolol and biofeedback assisted diaphragmatic breathing and systematic relaxation
accompanied by home practice of diaphragmatic breathing and systematic relaxation.'®*

Antidepressants

Amitriptyline Versus Spinal Manipulation Alone (one RCT of 147 adults) (Table 19)*®

Amitriptyline was more effective than spinal manipulation in reducing Headache Index
scores by more than half at the end of treatment, but not at post-treatment followup (Appendix
TabI% 95).2% Strength of evidence was low due to risk of bias and imprecision (Appendix Table
96).1%

Evidence from a single high risk of bias RCT was insufficient to conclude comparative
effectiveness between amitriptyline and biofeedback.*®

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

Five RCTs compared the effectiveness of drugs combined with nondrug treatments to
placebo or pharmacological treatments alone (Appendix Table D97). Most trials were funded by
nonprofit grants (Appendix Table D98). One trial had low risk of bias, two had moderate, and
two high (Appendix Table D99).

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 D100) but did not differ
compared with drugs alone.’®” Evidence of effectiveness and safety was low due to imprecise
estimates from a single RCT (Appendix Table D101).1%” We estimated that 387 adults per 1,000
treated experienced a reduction in migraine frequency by >50 percent (95 percent Cl, 157 to 618)
with combined therapy (Table 20).*

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 and reducing impact of migraines, stress management or biofeedback
training, and migraine management plan) was more effective than placebo in improving self-
efficacy (Appendix Table D102).1%®
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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 (one RCT of 147 adults) (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
improvigsg general health status or reducing use of drugs for acute attacks (Appendix Table
D103).

Evidence from a single high risk of bias RCT was insufficient to conclude comparative
effectiveness between amitriptyline combined with biofeedback and the drug alone.*®®

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

Muscle Relaxants

Botulinum Toxin

Dose response Migraine Prevention With Botulinum Toxin

Higher doses of botulinum toxin resulted in a greater decrease in absolute migraine
frequency according to the BONTA-024-026-036 Study Group.'®® Higher doses of botulinum
toxin 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 D104).*” Patients and
investigators found no differences in global assessment of improvement with higher doses of
botulinum toxin (Appendix Table D105).*

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 D106). Higher topiramate doses (50 to 100 mg) resulted in
significant migraine prevention of >50 percent in one patient for every six treated (Table 21).

Divalproex

Higher doses of divalproex did not result in a greater likelihood of clinically important
migraine frequency reduction (Appendix Table D107) (low strength of evidence from one
RCT).%?
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Beta Blockers

Propranolol
Increasing propranolol dose did not result in a greater likelihood of clinically important
migraine frequency reduction (low strength of evidence from a single RCT).*"**"

Off-label Beta Blockers
Individual RCTs examined dose response effects with pindolol,*” nadolol,*®*"" and
bisoprolol.}"®

Pindolol
Pindolol, 15 mg/day, was more effective than 7.5 mg in reducing migraine days and
duration.*”

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."

e2. 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 effectiveness of drug management for migraine
prevention in adults (Appendix Table D108). Most trials were sponsored by nonprofit
organizations (Appendix Table D109). Half of trials had low risk of bias, and the other half had
moderate risk of bias due to inadequacy of randomization (Appendix Table D110). Four RCTs
examined the effectiveness of multidisciplinary migraine management programs and two
examined the effectiveness of pharmacist-led drug management (Appendix Table D111).

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 a group lectures with a dietitian'® (Appendix Table D111). Adherence did
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not differ between the multidisciplinary intervention and standard medical care with the patient’s
primary physician (Appendix Table D112)."®° The multidisciplinary intervention was more
effective in improving quality of life and reducing migraine-related disability (Appendix Table
D113).1%% 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
educational materials that described migraine types and etiologies, pharmacologic treatment,
triggers, sleep hygiene, 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 D114).1%! We estimated that 196 adults per 1,000 treated (95 percent Cl, 125 to
258) had no migraine-related disability with the migraine management intervention,*®* which
was also more effective than usual care in improving quality of life and treatment satisfaction
(Appendix Table D115).%8

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 D116)'® nor did it improve social activity
engagement, pain self-management, migraine-related anxiety, and depression.*®* However,
patient satisfaction with treatment was significantly greater with the cognitive-behavioral
minimal contact program than with usual care.'®?

Headache School Versus Usual Care

The curriculum of a standardized course of didactic instructions regarding migraine
biogenesis and management 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 overused drugs for acute attacks attended headache school less
often than did patients receiving routine drug management (Appendix Table D117).!%% Attending
headache school also reduced migraine disability (Appendix Table D118).*

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.’® The likelihood of
complete migraine cessation did not differ with active and control interventions (Appendix Table
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D119)*** nor did absolute number of migraine attacks or quality of life differ between the active
intervention and the control (Appendix Table D120).'%*

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 triptans use (Appendix Table D121).1%

Figure 2. Study Flow
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Table 2. Decrease in migraine frequency by 250% with botulinum toxin, pooled results from randomized controlled clinical trials,
random effects models with inverse variance weights

Rate, percent with Number needed to treat Attributable events Strength of
Sample size, reference botulinum toxin (95%Cl) per 1000 treated evidence Conclusion
[placebo] (95%Cl)
4597°7° 50.6 [34.4] 6 (4 to 12) 170 (82 to 258) Low Botulinum toxin was better

than placebo in reducing
migraine frequency by =250%
from baseline

Cl — confidence interval
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Table 3. Migraine prevention with topiramate in adults

Rate, Relative Adjusted Bayesian Number Attributable
Outcome Daily dose of Sample, percent risk risk Odds ratio needed events per Strength of
topiramate reference with drug (95%Cl) difference (2.5t0975 to treat 1000 treated evidence
- [placebo] (95%Cl) percentile) (95% Cl) (95% Cl)
250%r reduction 50 to 1,145% 186,187 41.8 1.8 0.18 5 182 High
in monthly 200mg/day [22.8] (1.1t02.9) (0.08to 0.28) (4to 112) (93 to 271)
migraine days
275%reduction 50 to 1,3275% % 0. 187 21.2 2.1 0.12 7 142 High
in monthly 200mg/day [9.9] (1.6t02.8) (0.02to0 0.22) (4 to 48) (21 to 262)
migraine attack
rate
275%reduction 3280197 15.2 2.1 0.11 10 105 Moderate
in monthly [9.2] (1.6t02.9) (0.02to0 0.19) (6 to 27) (37 t0 173)
migraine days
250%r reduction 100 mg/day 77478710 441 2.0 0.26 3.1 4 250 High
in monthly [21.7] (1.3t03.2) (0.07t00.44) (1.5t06.5) (3to 10) (104 to 396)
migraine
frequency
(responder
rate)
250%r reduction  200mg/day 7465 188 190192 46.4 2.0 0.23 2.7 4 224 High
in monthly [24.2] (1.3t03.0)0 (0.12t00.33) (1.7to4.5) (3to 8) (123 to 325)
migraine
frequency
(responder
rate)
250%r reduction  50mg/day 5075 188,19, I 37.9 1.7 0.23 2.6 4 244 High
in monthly [21.2] (1.2t02.6) (0.06t00.41) (1.4t05.4) (2to 22) (46 to 441)
migraine
frequency
(responder
rate)
Completecure  50to 893% B 187,15 5.2 2.2 0.03 3.1 Moderate
200mg/day [1.7] (0.9t05.5) (-0.02t00.07) (0.81to 13.1)

Bold — significant at 95% confidence limit
Cl — confidence interval
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Table 4. Summarizing evidence about migraine prevention with topiramate in adults

Strength of

Outcome Sample, references Conclusion evidence
>50% reduction in monthly migraine 1145% 0.1 Topiramate was better than placebo in achieving =50 percent reduction  High
days in monthly migraine days
>75% reduction in monthly migraine 13275 85, 180, 187 Topiramate was better than placebo in achieving 275 percent reduction  High
attack rate in monthly migraine attack rate
>75% reduction in monthly migraine 3281018 Topiramate was better than placebo in achieving =75 percent reduction  Moderate
days in monthly migraine days
>50% reduction in monthly migraine 774187190 Topiramate, 100 mg/day was better than placebo in achieving =50 High
frequency (responder rate) percent reduction in monthly migraine frequency (responder rate)
>50% reduction in monthly migraine 7465 188.190-192 Topiramate, 200 mg/day was better than placebo in achieving 250 High
frequency (responder rate) percent reduction in monthly migraine frequency (responder rate)
>50% reduction in monthly migraine 5075 188190, 191 Topiramate, 50 mg/day was better than placebo in achieving 250 High
frequency (responder rate) percent reduction in monthly migraine frequency (responder rate)

Complete cure 893% B 187,193 Topiramate was not better than placebo in achieving complete cure Moderate
from migraine attacks
>50% reduction in monthly migraine 1,439 0. 1 Increase in topiramate dose to 100 mg/day resulted in higher response  High

frequency (responder rate)

rate (250 percent reduction in monthly migraine frequency) without
additional benefit from increasing the dose to 200 mg/day
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Table 5. Migraine prevention with divalproex vs. placebo in adults, results from randomized controlled clinical trials

Rate, percent with Number Attributable
Outcome Daily dose Reference Sample d’ivalproex needed to events per Strgngth of
[placebo] treat 1000 treated evidence
(95%ClI) (95% ClI)

250%reduction in migraine Mean average Freitag, 2002% 239 40.7 [27.6] 8 (4 to 86) 131 Low
headache rate dose 871 mg/d (12 to 250)
2 50% reduction in migraine Mean average Mathew, 1995%* 107 47.1[13.5] 3(2to 6) 336
headache rate dose 1087 mg/d (176 to 497)
250%reduction in migraine Mean Pooled 346 43.0 [24.2] 4 (2 to 40) 226 Low
headache rate (25 to 427)
50% improvement in migraine 500 mg Klapper, 1997% 60 57.8 [25.0] 3(2to 22) 311 Low
attacks impairing usual (45 to 577)
activities
50% improvement in migraine 1000 mg Klapper, 1997% 58 37.2[25.0] Low
attacks impairing usual activities
50%improvement in migraine 1500 mg Klapper, 1997% 59 54.5 [25.0] 4 (2to 91) 279 Low
attacks impairing usual (11 to 547)
activities
50% improvement in migraine 500 mg Klapper, 1997% 60 42.2 [13.6] 3(2to 16) 289 Low
attacks necessitating (64 to 513)
symptomatic medication
50% improvement in migraine 1000 mg Klapper, 1997 57 37.2 [13.6] Low
attacks necessitating
symptomatic medication
50%improvement in migraine 1500 mg Klapper, 1997% 59 43.2 [13.6] 3(2to 14) 298 Low
attacks necessitating (73 to 524)
symptomatic medication
50%improvement in migraine 500 mg Klapper, 1997% 60 46.7 [18.2] 4 (2 to 58) 267 Low
attacks with nausea, vomiting, (17 to 516)
phonophobia or photophobia
50% improvement in migraine 1000 mg Klapper, 1997% 58 41.9[18.2] Low
attacks with nausea, vomiting,
phonophobia or photophobia
50%improvement in migraine 1500 mg Klapper, 1997% 59 50.0 [18.2] 3 (2 to 20) 300 Low
attacks with nausea, vomiting, (49 to 551)

phonophobia or photophobia

Bold — significant at 95% confidence limit
Cl — confidence level
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Table 6. Migraine prevention with valproate vs. placebo, results from moderate risk of bias randomized controlled clinical trial,” (low

strength of evidence due to risk of bias and imprecision)

Events/ . Number Attributable
; Events/ Rate, percent . . Absolute risk
. randomized : . Relative risk - needed to events per
Outcome Daily dose - randomized with valproate Difference
with with placebo [placebo] (95%Cl) (95%Cl) treat 1000 treated
valproate (95% Cl) (95%Cl)

Responders 1,000 mg to 17/43 6/43 39.5[14.0] 2.8(1.2t0 6.5) 0.26 4 (2to 13) 256
(Frequency of 1,500 mg per (0.08 to 0.43) (77 to 435)
migraine days day
was reduced to
250%)

Bold — significant at 95% confidence limit
Cl — confidence level
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Table 7. Migraine prevention with propranolol or timolol, results from randomized controlled clinical trials

Active drug Control drug Reference Rate, percent Number Attributable events Strength
Outcome Daily dose’ Daily dose ' Risk of bias Sample [céntrol] needed to per 1000 treated of

treat (95%Cl) (95% CI) evidence

>50% reduction Propranolol Placebo Tfelt-Hansen, 1984°" 144 50.0 [25.0] Not significant  Not significant

of frequency of 80 mg b.i.d. Risk of bias Moderate

attack

250% reduction Propranolol Placebo Diener, 2004 193 43.1[21.9] Not significant ~ Not significant

of frequency of 160 mg/d Risk of bias Low

attack

=50% reduction  Propranolol Placebo Standnes, 1982'" 38 52.0 [24.0] Not significant  Not significant

of frequency of 80 mg Risk of bias Moderate

attack

Responder Propranolol Placebo Diamond, 1976™* 166 41.0[20.5] Not significant ~ Not significant

(defined as 80 or 160 mg Risk of bias Moderate

patient

preference)

=50% reduction  Propranolol Placebo Weber, 1972™ 19 62.5[0.0] 2(1to 3) 625 (287 to 963)

of frequency of 80 mg Risk of bias Moderate

attack

250%reduction Propranolol Placebo Pooled 560 45.5[21.0] 4 (3to 6) 256 (158 to 353) Low

of frequency of Risk of bias Moderate

attack

>50% reduction Topiramate Propranolol Diener, 2004% 285 36.9[43.1] Not significant ~ Not significant Low

of frequency of 100 mg/d 160 mg/d Risk of bias Low

attack

>50% reduction Topiramate Propranolol Diener, 2004% 288 34.7 [43.1] Not significant ~ Not significant Low

of frequency of 200 mg/d 160 mg/d Risk of bias Low

attack

>50% reduction Divalproex Propranolol Kaniecki, 1997 74 56.8 [54.1] Not significant ~ Not significant Insufficient

of frequency of Risk of bias High

attack

Patients Divalproex Propranolol Kaniecki, 1997 74 56.8 [59.5] Not significant ~ Not significant Insufficient

responding with a Risk of bias High

>50% reduction in

mean migraine

days (month)

>50% reduction Propranolol Clonidine Kass, 1980'® 46 56.5 [34.8] Not significant ~ Not significant Low

of migraine days 160 mg 100 pg Risk of bias Moderate

=50% reduction  Propranolol Cinnarizine Olerud, 1986™° 28 7.1[14.3] Not significant  Not significant Low

of migraine 80-120 mg Risk of bias Low

attacks Oral
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Table 7. Migraine prevention with propranolol or timolol, results from randomized controlled clinical trials (continued)

. Number Attributable events Strength
Outcome Algtl_\lle(;jrug, an@lrolddrug, RRelzerrfeg(_:e Sample Rate, pterclent needed to per 1000 treated of
ally dose ally dose Iskotbias [control] treat (95% CI) (95% Cl) evidence

100%reduction  Propranolol  Cinnarizine Olerud, 1986"* 28 50.0 [7.1] 2(1to7) 429 (134 to 723) Low
of migraine 80-120 mg 25-75 mg Risk of bias Low
attacks Oral
100%reduction  Propranolol + Cinnarizine Olerud, 1986% 28 85.7 [7.1] 1(1to2) 786 (558 to 1013) Low
of migraine Cinnarizine Risk of bias Low
attacks
>50% reduction Propranolol Metoprolol Kangasniemi, 1984
of the sum of Risk of bias Moderate
severity scores
Responder of Propranolol Metoprolol Gerber, 1991'%
migraine days Risk of bias Moderate

Propranolol Metoprolol Pooled 113 38.2 [50.0] Not significant ~ Not significant Low

Risk of bias Moderate

250%reduction  Propranolol  Nadolol Sudilovsky, 1987 93 9.1[26.5] -6 (-41 to -3) -174 (-324 to -24) Low
of frequency of Hydrochloride 80 mg o.d. Risk of bias
distinct 80 mg b.i.d. Moderate
headache
250%reduction  Propranolol  Nadolol Sudilovsky, 1987 91 9.1[36.2] -4 (-9to -2) -271 (-432 to -109) Low
of frequency of Hydrochloride 160 mg o.d. Risk of bias
distinct 80 mg b.i.d. Moderate
headache
250% reduction  Propranolol Nadolol Sudilovsky, 1987 93 11.4[22.4] Not significant  Not significant Low
of frequency of Hydrochloride 80 mg o.d. Risk of bias Moderate
distinct headache 80 mg b.i.d.
250%reduction  Propranolol  Nadolol Sudilovsky, 1987 91 11.4[38.3] -4 (-10 to -2) -269 (-437 to -102) Low
of frequency of Hydrochloride 160 mg o.d. Risk of bias
distinct 80 mg b.i.d. Moderate
headache
250% reduction  Propranolol Nadolol Sudilovsky, 1987 93 18.2 [28.6] Not significant  Not significant Low
of headache Hydrochloride 80 mg o.d. Risk of bias Moderate
intensity 80 mg b.i.d.
250%reduction  Propranolol  Nadolol Sudilovsky, 1987 91 18.2 [40.4] -4 (-24 to -2) -222 (-403 to -42) Low
of headache Hydrochloride 160 mg o.d. Risk of bias
intensity 80 mg b.i.d. Moderate
>50% reduction Propranolol Nadolol Sudilovsky, 1987 93 22.7 [22.4] Not significant  Not significant Low
of headache Hydrochloride 80 mg o.d. Risk of bias Moderate
intensity 80 mg b.i.d.
250%reduction  Propranolol  Nadolol Sudilovsky, 1987 91 22.7 [44.7] -5 (-32 to -2) -220 (-408 to -31) Low
of headache Hydrochloride 160 mg o.d. Risk of bias
intensity 80 mg b.i.d. Moderate
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Table 7. Migraine prevention with propranolol or timolol, results from randomized controlled clinical trials (continued)

. Number Attributable events Strength
Outcome Aggi\lle(?g:g‘ nghml d?)rsueg' Rﬁslie(r)?g(i:aes Sample Ra[t;‘)gfr E)Cl]e nt needed to per 1000 treated of
y y treat (95% Cl) (95% Cl) evidence

250% reduction  Propranolol Nadolol Sudilovsky, 1987'* 93 18.2 [18.4] Not significant  Not significant Low
of pain days Hydrochloride 80 mg o.d. Risk of bias Moderate

80 mg b.i.d.
250%reduction  Propranolol  Nadolol Sudilovsky, 1987 91 18.2 [40.4] -4 (-24 to -2) -222 (-403 to -42) Low
of pain days Hydrochloride 160 mg o.d. Risk of bias

80 mg b.i.d. Moderate
250% reduction  Propranolol Nadolol Sudilovsky, 1987 93 20.5[22.4] Not significant ~ Not significant Low
of pain days Hydrochloride 80 mg o.d. Risk of bias Moderate

80 mg b.i.d.
>50% reduction Propranolol Nadolol Sudilovsky, 1987 91 20.5 [38.3] Not significant  Not significant Low
of pain days Hydrochloride 160 mg o.d. Risk of bias Moderate

80 mg b.i.d.
>50% reduction Nadolol Propranolol Olerud, 1986* 28 38.5[60.0] Not significant ~ Not significant Low
of frequency of 80 mg/daily 80 mg (40 mg Risk of bias Moderate
attack (every twice daily)

morning +

matching

placebo tablet

every night)
Completely Timolol Placebo Briggs, 1979™° 28 14.3[0.0] Not significant Not significant Low
relieved of
migraine
Responders Timolol Placebo Stellar, 1984™ 94 53.2 [21.3] 3(to7) 319 (135 to 504) Low
(Patients with
250% reduction
in headache
frequency): to
only one
therapy
>50% reduction  Timolol Propranolol Tfelt-Hansen, 1984%
of frequency of 10 mg b.i.d. 80 mg b.i.d. Risk of bias Moderate
attack (+ propranolol  (plus timolol

placebo) placebo)
>50% reduction ~ Timolol Propranolol Standnes, 1982'"
of frequency of 10 mg + 80 mg + Risk of bias Moderate
attack (propranolol (timolol

placebo) placebo)
250% reduction Timolol Propranolol Pooled 242 47.9 [50.4] Not significant ~ Not significant Low

of frequency of
attack

Risk of bias Moderate
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Table 7. Migraine prevention with propranolol or timolol, results from randomized controlled clinical trials (continued)

. Number Attributable events Strength
Outcome Algtl_\lle(;jrug, an@lrolddrug, RRelzerrfeg(_:e Sample Rate, pterclent needed to per 1000 treated of
ally dose ally dose Iskotbias [control] treat (95% CI) (95% Cl) evidence
Responder of Propranolol Nifedipine Gerber, 19917 36 21.110.0] 5 (2 to 81) 211 (12 to 409) Low
migraine days Hydrochloride 20 mg/day Risk of bias
80 mg / day (LD) Moderate
(LD)
Responder of Propranolol Nifedipine Gerber, 1991
migraine days Hydrochloride 40 mg/day Risk of bias Moderate
160mg/day (HD)
(HD)
Drug efficacy: Propranolol Nifedipine Albers, 1989™
>50% 60 mg TID 30 mg TID Risk of bias High
improvement
>50% Propranolol Nifedipine Pooled 76 46.2 [18.9] 4 (2to 11) 274 (89 to 458) Low
improvement Risk of bias High
>50% reduction Propranolol Nortriptyline Domingues, 2009™ 49 33.3[39.3] Not significant  Not significant Low
of the number of 40 mg/d 20 mg/d Risk of bias Moderate
days with
headache
Good response: Propranolol Amitriptyline Ziegler, 1987™" 108 19.2 [21.4] Not significant ~ Not significant Low
fall in headache 80-240 mg/d 50-150 mg/d Risk of bias Moderate
score (compared
with placebo
treatment) of
>50%
>50% reduction  Propranolol Femoxetine Kangasniemi, 1983'* 29 20.0[7.1] Not significant ~ Not significant Low
of frequency of 80 mg twicea 200 mgtwice  Risk of bias Moderate
attack day a day
50% reduction of  Propranolol Propranolol: Olerud, 1986 28 7.1[0.0] Not significant ~ Not significant Low
migraine attacks LA 80-120mg 80 mg/d+ Risk of bias Low
Cinnarizine
25-75 mg/day
75% reduction of  Propranolol Propranolol: Olerud, 1986™° 28 35.7 [14.3] Not significant  Not significant Low
migraine attacks LA 80 mg/d+ Risk of bias Low
80-120 mg Cinnarizine
25-75 mg/day
100%reduction  Propranolol Propranolol + Olerud, 1986™° 28 50.0 [85.7] -3(-27to -1) -357 (-677 to -37) Low
of migraine LA Cinnarizine Risk of bias Low
attacks (+placebo) Propranolol:
80-120 mg 80 mg/day;
Cinnarizine
25-75 mg/d
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Table 7. Migraine prevention with propranolol or timolol, results from randomized controlled clinical trials (continued)

. Number Attributable events Strength
Outcome Algtl_\lle(;jrug, an;lrolddrug, RRelzer(ferkl)(_:e Sample Rate, pterclent needed to per 1000 treated of
ally dose ally dose Iskotbias [control] treat (95% CI) (95% Cl) evidence
250% reduction Nortriptyline Propranolol +  Domingues, 2009™* 51 29.2 [37.0] Not significant ~ Not significant Low
of the number of 20 mg/d Nortriptyline Risk of bias Moderate
days with
headache
>50% reduction Propranolol Propranolol +  Domingues, 2009 52 44.0 [37.0] Not significant  Not significant Low
of the number of 40 mg/d Nortriptyline Risk of bias Moderate
days with
headache

Bold — significant at 95% confidence limit
Cl — confidence interval
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Table 8. Reduction in frequency of migraine attack by 250% from baseline with timolol 10mg twice a day (attributable events based on
meta-analysis of randomized controlled clinical trials)

Pooled

Rate, percent with  Rate, percent with Pooled relative absolute risk Number Attributable events per
Sample size, Reference a’ctive drug ’placebo risk difference needed to treat 1000 treated
0 0 0
(95%Cl) (95%Cl) (95%Cl) (95%Cl)
276°" 100,101 49.4 23.3 2.1 (1.5t0 3.1) 0.3 (0.2 t0 0.4) 4 (3 to 6) 265 (154 to 377)

Bold — significant differences at 95% confidence limit
Cl — confidence interval
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Table 9. Efficacy of off- label antiepileptic drugs vs. placebo for migraine prevention in adults, results from randomized controlled

clinical trials

Events/ Rate, . . Number Attributable
Definition Active drugs Reference randomized Event.s/ percer)t Rellat|ve Absolute risk needed events per Strength
outcomes daily dose " Risk of bias S2MPI® yith active randomized with active r:)sk lefeorence 0 trtgat 1000 treated _ ©f
drug with placebo drug (95%Cl) (95%Cl) (95% (95%Cl) evidence
[placebo] Cl)
Response Acetazolamide  Vahedi, 53.00 8/26 9/27 30.8 [33.3] 0.9 -0.03 NS NS Low
(250% reduction 500 mg 2002%7 (0.4 t0 2.0) (-0.28t0 0.23)
in attack (250 twice daily) Risk of bias
frequency) Low
Improvement Carbamazepine Rompel, 96.00 26/48 5/48 54.2 [10.4] 5.2 0.44 2 438 Low
marked to One tablet 3 19708 (2.2t0 12.4) (0.27t0 0.60) (2to4) (272 to 603)
complete times a day Risk of
control bias
Moderate
250%reduction Gabapentin Mathew, 143.00 26/98 5/45 26.5 2.4 0.15 6 154 Low
inthe 4 week  Titratedupto 2001 [11.1] (1.0t0 5.8) (0.03t00.28) (4to36) (27 to 281)
migraine 2400 mg daily  Risk of
headache rate bias
Moderate
Decrease of the Gabapentin Wessely, 45.00 18/23 12/22 78.3 [54.5] 1.4 0.24 NS NS Low
frequency 900 mg (300 x ~ 1987%° (0.9t0 2.2) (-0.03 to 0.50)
migraine attacks 3) Risk of bias
Moderate
> 50% reduction Oxcarbazepine Silberstein, 170.00 28/85 31/85 32.9 [36.5] 0.9 -0.04 NS NS Low
of number of Maximum 2008%* (0.6 to 1.4) (-0.18 to 0.11)
migraine tolerated dose of Risk of bias
1,200 mg/day Low
Clinical Global = Oxcarbazepine Silberstein, 170.00 53/85 54/85 62.4 [63.5] 1.0 -0.01 NS NS Low
Impression: Maximum 2008%! (0.8t01.2) (-0.16t0 0.13)
"Very much tolerated dose of Risk of bias
improved" 1,200 mg/day Low

NS — not significant
Bold — significant at 95% confidence limit
Cl — confidence level
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Table 10. Efficacy of beta blockers for migraine prevention in adults, evidence from randomized controlled clinical trials

Rate of Number Attributable

Definition of the outcome Name of drug Reference Sample outcome needed to events per Strength of

in active group size percent with treat 1000 treated evidence

drug [placebo] (95% Cl) (95% Cl)

Better during the period of  Alprenolol Ekbom, 1975™® 66 33.3[36.4] Not significant  Not significant Low
the trial
Reduction of number of Atenolol Forssman, 1982-83'% %% 48 33.3[0.0] 3(2to7) 333 (140 to 527) Low
attacks by 250%
Marked reduction in Metoprolol Kangasneimi, 1987*% 225 39.9[19.4] 5 (3 to 11) 204 (88 to 321) Moderate
migraine attacks Andersson, 1983%
Treatment successful: Nadolol Freitag, 1984 32 25.0 [0.0] 4 (2 to 45) 250 (22 to 478) Low

Frequency

Bold — significant differences at 95% confidence limit
Cl — confidence interval
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Table 11. Migraine prevention with antiadrenergics and antidepressant medications, results from randomized controlled clinical trials

Rate,

Attributable

Events/ Events/ percent  Relative Absolute Number events
Outcome Acti.ve drug, Control Referenpe rapdomi;ed re}ndomized with active risk . risk needed per 1000
Daily dose drug Risk of bias with active  with control difference to treat
drug drug [control] (95%Cl) ©95%Cl) (95%Cl) treated
drug (95%Cl)
250% Clonidine Placebo Schachtel, 1988%° 10/30 0/30 33.3[0.0] 21.0(1.3 0.33(0.16 3 333
reduction in 25 micrograms 3 Risk of bias to 342.9) to 0.51) (2to 6) (161 to 506)
headache times daily Moderate
index
75%or better Amitriptyline Placebo Couch™® 16/37 7136 43.2[19.4] 2.2(1.0 0.24(0.03 4 238
improvement 50 mg - 100mg Risk of bias to 4.8) to 0.44) (2to 31) (3310 443)
in headache Moderate
Improvement  Amitriptyline Placebo Couch, 1979"* 26/55 18/61 47.3[29.5] 1.6(1.0 0.18(0.00 6(3to 178
of M score 50 mg - 100mg Risk of bias to 2.6) to 0.35) 336) (3to 352)
>50% Moderate
Excellent Fluoxetine Placebo Adly, 1992 6/16 1/16 37.5[6.3] 6.0(0.8 0.31(0.05 3 313
improvement 20 mg - 40 mg Risk of bias to44.4) t00.58) (2to21) (47to578)
every day Moderate
Good Amitriptyline Propranolol  Ziegler, 1987™" 10/54 12/54 18.5[22.2] 0.8 (0.4 -0.04(-0.19
response: fall  50-150 mg 80-240 mg/d Risk of bias to 1.8) to 0.11)
in headache Moderate
score
(compared with
placebo
treatment) of
>50%
>50% Femoxetine 200 mg Propranolol Kangasniemi, 3/11 1/13 27.3[7.71 35(0.4 0.20(-0.10
improvement in daily 1stweek and 80 mg daily 1983 t029.4)  to 0.50)
attack 400 mg daily after  for 1stweek Risk of bias
frequency and 160 mg Moderate
daily later
>50% Nortriptyline Propranolol Domingues, 7124 11/25 29.2[44.0] 0.7 (0.3 -0.15(-0.41
reduction of 20 mg/d 40 mg/d 2009% to1.4) t00.12)
the number of Risk of bias
days with Moderate
headache
> 50% Nortriptyline Propranolol Domingjues, 7124 10/27 29.2[37.0] 0.8 (0.4 -0.08 (-0.34
reduction of 20 mg/d + 2009 to1.7)  t00.18)
the number of nortriptyline Risk of bias
days with Moderate
headache
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Table 11. Migraine prevention with antiadrenergics and antidepressant medications, results from randomized controlled clinical trials

(continued)

Attributable

Number events

needed

totreat  Per 1000

(95%Cl) treated
(95%Cl)

1.2 (0.9 0.10 (-0.07

1.4 (1.0 0.18(0.01

6(3to 181 (8to
121) 354)

6.7 (0.4 0.15 (-0.02

17.3 (1.1 0.43(0.21

2(2to5) 429 (211to

647)

1.7 (0.9 0.28 (-0.02

Events/ Events/
Outcome Active drug, Control Reference randomized randomized
Daily dose drug Risk of bias with active  with control
drug drug
Overall 50% Tonabersat Placebo Goadsby, 2009 35/59 32/65
responder rate 20 mg - 40 mg Risk of bias Low
of the number
of headache
days
Overall 50%  Tonabersat Placebo Goadsby, 2009'* 37/59 29/65
responder 20 mg - 40 mg Risk of bias Low
rate of the
number of
migraine
attacks
Excellent Venlafaxine Placebo Ozyalcin, 2005 3/20 0/19
improvement 75 mg Risk of bias
Moderate
Excellent Venlafaxine Placebo Ozyalcin, 2005 9/21 0/19
improvement 150 mg Risk of bias
Moderate
Improvement  Venlafaxine Placebo Ozyalcin, 2005™ 14/20 8/19
75 mg Risk of bias
Moderate
improvement Venlafaxine Placebo Ozyalcin, 2005 16/21 8/19
150 mg Risk of bias
Moderate

1.8(1.0 0.34 (0.05

3(2to 341 (54to
19) 628)

Bold — significant differences at 95% confidence limit
Cl - confidence interval
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Table 12. Migraine prevention in adults with calcium channel antagonists and systemic drug montelukast, results from randomized
controlled clinical trials, strength of evidence is low due to risk of bias and imprecision of the estimates

Attributable

Active . Events/ Rate, percent  Relative Absplute Number events per
Outcome drug Control Referenpe randomized ra}ndomlzed witk’1 active risk . risk needed 1000
Daily d(;se drug Risk of bias with control [control] drug  (95%Cl) difference to treat treated
drug (95%Cl) (95%Cl) (95%Cl)
50% Nimodipine  Placebo Havanka- 0/33 30.3[0.0] 21.0(1.3 0.30(0.14to0 3(2to7) 303(143to
improvement 30 mg four Kanniainen, to 344.3) 0.46) 464)
times daily 198514
Risk of bias
Moderate
Patients with Nimodipine Placebo Gelmers, 4/30 26.7 [13.3] 2.0(.7 0.13(-0.07 to
1 migraine 40 mg tid 1983 t0 5.9) 0.33)
attack in 4 Risk of bias
weeks Moderate
Patients Nimodipine  Placebo Gelmers, 2/30 50.0[6.7] 75@1.9 0.43(0.23t0 2(2to4) 433(233to
without 40 mg tid 1983° to 30.0) 0.63) 633)
migraine Risk of bias
attacks Moderate
250% Montelukast Placebo Brandes, 9/84 15.4 [10.3] 1.4(0.6 0.04(-0.05to
decrease in 20 mg 2004%° to 3.1) 0.14)
monthly Risk of bias
migraine Low
attacks

Bold — significant differences at 95% confidence limit
Cl - confidence interval
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Table 13. Migraine prevention in adults with angiotensin converting enzyme inhibitors and angiotensin Il receptor antagonists, results
from randomized controlled clinical trials, strength of evidence is low due to risk of bias and imprecision

Rate,
Reference Events/ rarlft\j/c?nmtisz/ed percent Relative Absolute Number Attributable
o Active drug, Control . randomized : with . risk needed to events per
utcome . Risk of - ; with . risk .
Daily dose drug bias with active control active (95%Cl) difference treat 1000 treated
drug [control] (95%Cl) (95%Cl) (95%Cl)
drug drug
No headaches Captopril Placebo Minervini, 8/12 0/12 66.7[0.0] 17.0(1.1to 0.67(0.39to 1(1to 3) 667 (388 to
during drug 50 mg 3 198710 265.0) 0.95) 946)
administration times/day Risk of
bias Low
Migraine Captopril Placebo Minervini, 12/12 1/12 100.0[8.3] 8.3(1.8to 0.92 (0.71to 1(1to1l) 917 (714 to
index 50 mg 3 198710 37.7) 1.12) 1119)
improved 50% times/day Risk of
bias Low
Reduction by2 Lisinopril Placebo Schrader, 10/60 0/60 16.7[0.0] 21.0(1.3to 0.17(0.07to 6 (4to 14) 167 (69 to
50%in 10 mg for 1 2001%° 350.5) 0.26) 264)
symptoms for  week, then Risk of
hours with 20 mg for 11 bias Low
headache weeks
Reduction by Lisinopril Placebo Schrader, 13/60 0/60 21.7[0.0] 27.0(1.6to 0.22(0.11to 5(3t09) 217 (110to
250%in 10 mg for 1 2001%° 444.1) 0.32) 323)
symptoms of week, then Risk of
days with 20 mg for 11 bias Low
headache weeks
Reduction by Lisinopril Placebo Schrader, 14/60 0/60 23.3[0.0] 29.0(1.8t0 0.23(0.12to 4 (3to 8) 233 (124 to
250% in 10 mg for 1 2001%° 475.4) 0.34) 343)
symptoms for  week, then Risk of
days with 20 mg for 11 bias Low
migraine weeks
Reduction by Lisinopril Placebo Schrader, 15/60 0/60 25.0[0.0] 31.0(19to 0.25(0.14to 43to7) 250 (138 to
250%in 10 mg for 1 2001%° 506.6) 0.36) 362)
symptoms for  week, then Risk of
headache 20 mg for 11 bias Low
severity index  weeks
Responders Candesartan Placebo Tronvik, 18/60 1/60 30.0[1.7] 18.0(25to 0.28(0.16to 4 (2to 6) 283 (163 to
(as defined by 16 mg 2003%! 130.6) 0.40) 404)
250% Risk of
reduction) in bias Low

headache
days
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Table 13. Migraine prevention in adults with angiotensin converting enzyme inhibitors and angiotensin Il receptor antagonists, results
from randomized controlled clinical trials, strength of evidence is low due to risk of bias and imprecision (continued)

Rate,
Events/ Event_s/ percent . Absolute Number Attributable
Active dru Control Reference randomized randqmlzed with Rellatlve risk needed to events per
Outcome . g: Risk of . ; with . risk . P
Daily dose drug bias with active control active (95%Cl) difference treat 1000 treated
drug [control] (95%Cl) (95%Cl) (95%Cl)
drug drug
Responders Candesartan Placebo Tronvik, 20/60 1/60 33.3[1.7] 20.0(2.8to 0.32(0.19to 3(2to5) 317 (193 to
(as defined by 16 mg 2003%! 144.3) 0.44) 440)
250% Risk of
reduction) in bias Low
headache
hours
Responders Candesartan Placebo Tronvik, 23/60 2/60 38.3[3.3] 115(22.8to 0.35(0.22to 3(2to5) 350 (219 to
(as defined as 16 mg 2003%! 46.6) 0.48) 481)
250%in Risk of
migraine days bias Low
Responders Candesartan Placebo Tronvik, 23/60 2/60 38.3[3.3] 115(28to 0.35(0.22to 3(2to 5) 350 (219 to
(as defined by 16 mg 2003%! 46.6) 0.48) 481)
250% Risk of
reduction) in bias Low
headache
severity index
Responders Candesartan Placebo Tronvik, 26/60 1/60 43.3[1.7] 26.0(3.6to 0.42(0.29to 2(2to 3) 417 (287 to
(as defined by 16 mg 2003%! 185.5) 0.55) 546)
250% Risk of
reduction)in bias Low
migraine
hours
Responder Telmisartan Placebo Diener, 16/48 11/47 33.3[23.4] 14(0.7to 0.10 (-0.08
(250% 80 mg 2009%? 2.7) to 0.28)
reduction in Risk of
migraine days) bias High

Bold — significant differences at 95% confidence limit
Cl — confidence interval
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Table 14. Migraine prevention in adults with ergot alkaloids, results from randomized controlled clinical trials, strength of evidence is
low due to risk of bias and imprecision of the estimates

Rate, .

Reference Events/ rarli\j/c?nmtisz/ed percent Relative Absolute Number 'Zt\:gstj;%t:elre

o Active drug, Control . randomized . with . risk needed
utcome . Risk of - ; with . risk . 1000
Daily dose drug bi with active active o difference to treat
ias dru control control (95%Cl) 959% Cl 959% Cl treated
g [ ] ( ) ( ) o
drug drug (95%Cl)

No (0) Dihydroergotamine  Placebo Pradalier, 53/184 48/200 28.8[24.0] 1.2 0.05
migraine 10 mg daily (5 mg 20048 (0.9t01.7) (-0.04to 0.14)
attacks capsule x 2) Risk of

bias Low
Response Dihydroergotamine Placebo Pradalier, 112/184 112/200 60.9[56.0] 1.1 0.05
(250% 10 mg daily (5 mg 20048 (0.9t01.3) (-0.05 to 0.15)
reduction capsule x 2) Risk of
in bias Low
migraine
attack
frequency)
>50% Lisuride Hydrogen  Methysergide Herrmann, 69/130 63/123 53.1[51.2] 1.0 0.02
reduction  Maleate 2 mg tid 1977%%° (0.8t01.3) (-0.10to 0.14)
in 25 mcg tid Risk of
frequency bias
of attacks Moderate

Cl — confidence interval
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Table 15. Migraine prevention in adults with nonsteroid anti-inflammatory drugs, results from randomized controlled clinical trials, low
strength of evidence due to risk of bias and imprecision of the estimates

Events/ Event_s/ Rate, . Number Attributable
o Active drug, Control Referken?e randomized rando.rr;:zed pﬁrcer]t Relative risk Atégf(f)lute risk needed to events per
utcome Daily dose drug R;)S. 0 with active wit | wit actl;/e (95%Cl) |9§0r/eg(|:e treat 1000 treated
ias drug cgntro [control] (95%Cl) (95%Cl) (95%Cl)
rug drug
Greater than Fenoprofen Placebo Diamond, 7132 7134 21.9 [20.6] 1.1 0.01
50% 200 mg TID 1987%%¢ (0.4t02.7)  (-0.18100.21)
improvement Risk of
on headache bias
unit index moderate
Greater than Fenoprofen Placebo Diamond, 9/33 8/34 27.3 [23.5] 1.2 0.04
50% 200 mg TID 1987%¢ (05t02.6) (-0.17 to 0.25)
improvement Risk of
in relief bias
medication moderate
index
>50% Fenoprofen Placebo Diamond, 11/34 11/35 32.4[31.4] 1.0 0.01
improvement 200 mg TID 1987%¢ (05t02.1)  (-0.21t0 0.23)
on corrected Risk of
headache unit bias
index moderate
>50% Fenoprofen Placebo Diamond, 13/36 7134 36.1 [20.6] 1.8 0.16
improvement 600 mg TID 1987%%¢ (0.8t03.9)  (-0.05to 0.36)
on headache Risk of
unit index bias
moderate
250% Fenoprofen Placebo Diamond, 16/27 11/35 59.3 [31.4] 1.9 0.28 4 (2to 27) 278
improvement 600 mg TID 1987%%¢ (1.1t03.4)  (0.04t00.52) (37 to 519)
on corrected Risk of
headache unit bias
index moderate
250% Fenoprofen Placebo Diamond, 21/38 8/34 55.3 [23.5] 2.3 0.32 3(2to 10) 317
improvement 600 mg TID 1987%%¢ (1.2to 4.6)  (0.10to 0.53) (104 to 530)
in relief Risk of
medication bias
index moderate
250% Flurbiprofen Placebo Solomon, 7120 1/20 35.0[5.0] 7.0 0.30 3(2to 14) 300
reduction in 100 mg 1993%7 (0.9t0 51.8)  (0.07 to 0.53) (70 to 530)
migraine twice daily Risk of
duration bias
moderate
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Table 15. Migraine prevention in adults with nonsteroid anti-inflammatory drugs, results from randomized controlled clinical trials, low

strength of evidence due to risk of bias and imprecision of the estimates (continued)

Events/ Rate, .
. Reference Event_s/ randomized percent . . Absolute risk Number Attributable
Outcome Actllve drug, Control Risk of rapdomlged with with active Relative risk difference needed to events per
Daily dose drug bias with active control [control] (95%Cl) (95%Cl) treat 1000 treated
drug (95%Cl) (95%Cl)
drug drug
Decrease in Flurbiprofen Placebo Solomon, 16/23 7123 69.6 [30.4] 2.3 0.39 3 (210 8) 391
migraine 100 mg 199327 (1.2to 4.5)  (0.13 to 0.66) (125 to 657)
frequency twice daily Risk of
bias
moderate
Headache free Indomethacin Placebo Anthony, 1/19 2/19 5.3 [10.5] 0.5 -0.05
25 mg three 1968%%¢ (0.0t05.1)  (-0.22t00.12)
times a day Risk of
bias
moderate
More than half  Indomethacin Placebo Anthony, 6/19 5/19 31.6 [26.3] 1.2 0.05
improved 25 mg three 1968%%¢ (0.4t03.3)  (-0.24 10 0.34)
times a day Risk of
bias
moderate
Subjective Aspirin Placebo Masel, 17/40 1/40 42.5[2.5] 17.0 0.40 3(2to 4) 400
"clear 325 mg BID 19807 (2410 121.7) (0.24 to 0.56) (239 to 561)
improvement” Risk of
bias
Moderate

Bold — significant differences at 95% confidence limit
Cl — confidence interval
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Table 16. Comparative effectiveness of topiramate for migraine prevention in adults, individual randomized controlled clinical trials

Strength
Definition of the outcome Control drug Reference Sample Conclusion of
evidence
>50% reduction in mean Amitriptyline Dodick, 2009™" 347 Topiramate was more effective than amitriptyline in Low
monthly total headache days reducing monthly headache days by 250%
>50% reduction in mean Amitriptyline Dodick, 2009™ 347 Topiramate and amitriptyline had similar effect on Low
monthly migraine days reducing monthly migraine days by 250%
Responder rate (=50% Lamotrigine Gupta, 2007%® 120 Topiramate and lamotrigine had similar effect on Low
reduction in monthly migraine reducing monthly migraine frequency by =50%
frequency)
Headache intensity (=50% Lamotrigine Gupta, 2007 120 Topiramate was more effective than lamotrigine in Low
reduction in mean migraine reducing monthly headache intensity by 250%
intensity)
Migraine frequency of less than  Levetiracetam de Tommaso, 2007 28 Migraine frequency of less than 50% of the basal Low
50% of the basal frequency frequency did not differ with topiramate and
levetiracetam

Reduction by = 50% in days Valproate Bartolini, 2005 44 Reduction by = 50% in days with headache did not Low
with headache (slow-release) differ with topiramate and valproate
Decrease in headache Zonasamide Mohammadianinejad, 80 Decrease in headache frequency by 250% did not Low

frequency by =50%

2011%°

differ with topiramate and zonasamide
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Table 17. Migraine prevention with valproate (600mg/day) vs. cinnarizine (75mg/day) in adults, results from low risk of bias randomized

controlled clinical trial'® (strength of evidence is low due to imprecision of estimate)

Rate, percent with

Events/randomized Events/randomized Relative risk

Absolute risk difference

Outcome - . . . valproate o 0
with valproate with cinnarizine [Cinnarizine] (95%Cl) (95%Cl)
Responders (decreased 37167 41/58 55.2 [70.7] 0.8 (0.6101.0) -0.15 (-0.32 t0 0.01)

in attack frequency by =
50% as compared to
run-in period)

Cl — confidence interval
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Table 18. Comparative effectiveness of beta blockers for migraine prevention in adults

Rate of outcome

- i in active group Nu(;nt()jer Attributablg00 < o
De Icl:lljttlgcl:n?et € Reference Active drug Control drug Sample _[rate of outcome nefreit to eventtrséggdl g/?ggltch
in control group] (95%Cl) (95%Cl)
percent
Reduction of Worz, 1992">* Metoprolol Bisoprolol 250 8.8 [9.6] Not significant Not significant Low
frequency of attacks
by 250%
Responder rate Schellenberg, Metoprolol Nebivolol 30 57.0 [50.0] Not significant Not significant Low
(250% decrease in 2008%6
number of attacks
from baseline to
endpoint)
Reduction of attacks  Grotemeyer, Metoprolol Acetylsalicylic 56 50.0 [10.7] 3(21to 6) 393 (175 to 611) Low
by 250% 1990%7 acid
Responder rate Diener, 2001™° Metoprolol Acetylsalicylic 270 29.6 [45.2] -6 (-24t0 -4)  -156 (-269 to -42) Low
(Reduction in the acid, 1500
number of migraine mg/day
attacks by 250%)
Reduction of 250% in  Louis, 1985™ Metoprolol Clonidine 62 32.3[25.8] Not significant Not significant Low
the number of
migraine days
Subjective therapeutic  Louis, 1985™ Metoprolol Clonidine 62 71.0 [48.4] Not significant Not significant Low

evaluation: Marked or
moderate

Bold — significant differences at 95% confidence limit

Cl — confidence interval
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Table 19. Comparative effectiveness of antidepressant amitriptyline and spinal manipulation for migraine prevention in adults,

individual moderate risk of bias randomized controlled clinical trial*®

Definiti Rate ,% with Number Attributable Strength
efinition of the . . needed to
outcome Active treatment Control treatment Sample active vs. control treat events per01000 . of
treatment (95%Cl) treated (95%Cl) evidence
>60%reduction in HI  Spinal manipulation Amitriptyline 147 22.1[48.6] -4 (910 -2) -265 (-414 to - Low
in last 4 weeks of 100 mg/day 116)
treatment phase
>60% reduction in HI Spinal manipulation Amitriptyline 147 22.1[15.7] NS NS Low
during the 4-week 100 mg/day
post-treatment
followup phase
Reduction in HI Spinal manipulation Spinal manipulation + 148 40.3 [40.8] NS NS Low
(headache index) amitriptyline
scores during 100 mg/day
treatment compared
with baseline
Reduction in HI from  Spinal manipulation Spinal manipulation 148 41.6 [25.4] 6 (3to 80) 162 (13 to 312) Low
baseline during the + amitriptyline
post-treatment 100 mg/day
followup period
Reduction in HI Spinal manipulation Spinal manipulation + 148 40.3 [40.8] NS NS Low
(headache index) amitriptyline
scores during 100 mg/day
treatment compared
with baseline
Reduction in HI from  Spinal manipulation Spinal manipulation 148 41.6 [25.4] 6 (3 to 80) 162 (13 to 312) Low

baseline during the
post-treatment
followup period

+ amitriptyline
100 mg/day

Bold — significant differences at 95% confidence limit

Cl — confidence interval
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Table 20. Comparative effectiveness and safety of beta blockers combined with behavioral therapy (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) for migraine prevention in adults, results from individual low risk of bias randomized
controlled clinical trial™’

Name of drug in

Name of drug in Rate %in active Number . Strength
Outcome active C(/)ntfrol N group [control needed to Att”bUtaE)le events of
group/exposure level group/reterence group] Treat (95%Cl) (95%C1) evidence
exposure level
Dropped due to Behavioral migraine Placebo 90 8.7 [9.1] NS NS Low
side effects management +
propranolol/nadolol
Clinically Behavioral migraine Placebo 90 76.8 [40.0] 3(2to 6) 387 (157 to 618) Low
improved (250% management +
reduction in propranolol/nadolol
migraines) at
month 10
Clinically improved Behavioral migraine Propranolol/nadolol 108 34.5[34.0] NS NS Low
(=50% reductionin  management +
migraines) at placebo
month 10
Clinically Behavioral migraine Propranolol/nadolol 122 76.8 [34.0] 2(2to 4) 428 (267 to 590) Low
improved (250% management +
reduction in propranolol/nadolol
migraines) at
month 10
Clinically Behavioral migraine Behavioral migraine 124 34.5[76.8] -2 (-4 10 -2) -423 (-583 to -262) Low
improved (250% management + management +
reduction in placebo Propranolol/nadolol
migraines) at
month 10
Dropped due to Behavioral migraine Propranolol/nadolol 108 9.1[13.2] NS NS Low
side effects management +
placebo
Dropped due to Behavioral migraine Propranolol/nadolol 122 8.7 [13.2] NS NS Low
side effects management +
propranolol/nadolol
Dropped out due Behavioral migraine Behavioral migraine 124 9.1[8.7] NS NS Low

to side effects

management +placebo

management +
Propranolol/nadolol

Bold — significant at 95% confidence limit
Cl - confidence interval
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Table 21. Dose response reduction in migraine attacks by 250% from baseline with topiramate in adults

Events/randomized

Absolute risk

Number needed

Referenge Tolpiramate with drug and Relative risk difference to treat Attributable events
Risk of bias daily doses placebo (95%Cl) (95%Cl) (95%Cl) (95%Cl)

Brandes, 2004'% 100mg vs. 60/122 1.3(0.9t0 1.7) 0.10 (-0.02 to 0.23)

Risk of bias Low 50mg/day 47/120

Silberstein, 2003™ 100mg vs. 68/125 15(1.1to 2.1) 0.19 (0.07 to 0.31) 5 (3to 15) 189 (67 to 312)
Risk of bias Moderate 50mg/day 41/117

Silberstein, 2004 100mg vs. 69/128 1.5 (1.1t0 2.0) 0.18 (0.06 to 0.30) 6 (3to 17) 179 (58 to 300)
Risk of bias Low 50mg/day 45/125

Pooled 100mg vs. 196/375 1.4(1.2to 1.7) 0.16 (0.09 to 0.23) 6 (4to 12) 157 (86 to 228)
Risk of bias 50mg/day 133/362

Brandes, 20047 100mg vs. 57/121 1.2 (0.9 to 1.6) 0.08 (-0.05 to 0.20)

Risk of bias Low 50mg/day 47/120

Silberstein, 2003™* 200mg/day vs. 58/112 1.5 (1.1 to 2.0) 0.17 (0.04 to 0.29) 6 (3to0 24) 167 (41 to 294)
Risk of bias Moderate 50mg/day 41/117

Silberstein, 2004™ 200mg/day vs. 61/117 1.4 (1.1to 1.9) 0.16 (0.04 to 0.29) 6 (4 to 26) 161 (38 to 285)
Risk of bias Low 50mg/day 45/125

Pooled 200mg/day vs. 176/350 1.4 (1.2to 1.6) 0.14 (0.06 to 0.21) 7 (5to 16) 136 (64 to 208)
Risk of bias 50mg/day 133/362

Brandes, 20047 200mg/day vs. 57/121 1.0 (0.7to 1.2) -0.02 (-0.15t0 0.11)

Risk of bias Low 100mg/day 60/122

Silberstein, 2003™" 200mg/day vs. 58/112 1.0 (0.8t0 1.2) -0.02 (-0.15 t0 0.11)

Risk of bias Moderate 100mg/day 68/125

Silberstein, 2004™ 200mg/day vs. 61/117 1.0 (0.8t0 1.2) -0.02 (-0.14 t0 0.11)

Risk of bias Low 100mg/day 69/128

Pooled 200mg/day vs. 176/350 1.0(0.8t01.1) -0.02 (-0.09 to 0.05)

Risk of bias 100mg/day 196/375

Bold — significant at 95% confidence limit

Cl — confidence interval
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Question 2. What are the comparative harms from pharmacological
treatments for preventing migraine attacks in adults?

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

Bothersome adverse effects leading to treatment discontinuation were examined in 52 RCTs
with 28 different drugs from eight drug classes. Individual head-to-head RCTs provided low
strength of evidence that botulinum toxin, topiramate, acetazolamide, and lamotrigine increased
rates of treatment discontinuation due to adverse effects more often than placebo (Table A in the
Executive Summary). Bayesian network meta-analysis demonstrated that topiramate, divalproex,
off-label antiepileptics, antidepressants, and ergot alkaloids increased rates of bothersome
adverse effects leading to treatment discontinuation. Divalproex and off-label antiepileptics
resulted in bothersome adverse effects leading to treatment discontinuation more often than beta
blockers.

Nonrandomized studies suggested that 10 to 20 percent of patients discontinued antiepileptic
drug treatments at one year or longer of followup (Appendix Table D122).

Muscle Relaxants

Botulinum Toxin

Fifteen RCTs of 4,566 adults examined the safety of botulinum toxin for migraine prevention
in adults (Appendix Table D12). Botulinum toxin resulted in adverse effects and treatment
discontinuation due to adverse effects more often than placebo (moderate strength of evidence)
(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 22).
The results were robust and remained significant with different methods of pooling (Appendix
Tables D123 and D124).

Among individual adverse effects, neck pain and muscle weakness were the most common
(Table 22). Increase in risk of adverse effects with botulinum toxin was lower in trials with
higher placebo rates of adverse effects (Table 23). Increase in risk of adverse effects was dose
responsive (Appendix Table D125). Patients experienced eyelid edema with 50U of botulinum
toxin more often than with 7.5 or 25U.%%° Higher doses of 150 to 225U of botulinum toxin
resulted in greater risk of blepharoptosis, muscle weakness, and neck rigidity (Appendix Table
D126).

Antiepileptics

Topiramate

Seventeen RCTs and one pooled analysis of individual patient data that examined safety with
topiramate versus placebo for migraine prevention in adults (Appendix Table D127). Trials
enrolled 5,423 adults 41+3 years old. Women constituted 78 percent of all enrollees. Most trials
were funded by industry and reported conflict of interest by principal investigators (Appendix
Table D127). All trials were double blind (Appendix Table D128).

Patients stopped taking topiramate more often than placebo because of intolerable adverse
effects (Table 24). Topiramate in doses of 100 and 200 mg/day (but not 50 mg/day) resulted in
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treatment discontinuation due to adverse effects more often than placebo (Appendix Table
D129). Compared to placebo, topiramate more often resulted in bothersome insomnia,
paresthesia, cognitive deficits, and fatigue leading to withdrawal (Appendix Table D129). Pooled
estimates were consistent with imprecision that decreased strength of evidence (Appendix Table
D130). 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 (Table 25). Published
pooled analysis of individual patient data demonstrated topiramate discontinuation due to
anorexia, anxiety, depression, hypoesthesia, and nausea (Appendix Table D131).%%°

Topiramate increased risk of individual adverse effects. Individual RCTs reported small
numbers of events. Pooled analyses demonstrated a statistically significant increase in risk of any
adverse effect, abdominal pain, anorexia, paresthesia, cognitive difficulties, diarrhea, dry mouth,
fatigue, nausea, taste alteration or perversion, abnormal vision, and weight loss (Appendix Table
D132). Topiramate caused adverse effects in one patient for every eight treated. Taste alteration
and paresthesia were the most common adverse effects (>300 cases per 1,000 treated) (Table 26).

Risk of adverse effects was dose responsive according to the published pooled analyses of
individual patient data (Appendix Table D133).2'° Larger doses of topiramate increased risk of
anorexia, depression, paresthesia, and difficulty in memory leading to treatment withdrawal, dry
mouth, marked anorexia, paresthesia or fatigue, mood problems, nausea, and weight loss.?*°

Divalproex

Adverse effects with divalproex versus placebo were examined in three RCTs of 590 adults
that examined efficacy of divalproex for migraine prevention in adults (Table 27 and Appendix
Table D29). All three RCTs were funded by industry (Appendix Table D30) and all were double
blind (Appendix Table D31).

Treatment discontinuation due to adverse effects did not differ with divalproex versus
placebo (two RCTs of 239 patients, low strength of evidence) (Appendix Table D134).% %
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
(Appendix Table D135). Larger doses of divalproex did not increase risk of bothersome adverse
effects leading to treatment discontinuation (Appendix Table D136).% Larger doses of
divalproex increased risk of nausea and tremor (Appendix Table D137).%

Valproate

Adverse effects of valproate were examined in two small double blind RCTs of 75 adults that
examined efficacy of valproate for migraine prevention in adults (Table 28 and Appendix Tables
D29-D31).

Treatment discontinuation due to adverse effects did not differ with valproate versus placebo
(two RCT of 32 patients, low strength of evidence) (Appendix Table D138).% Rates of combined
adverse effects did not differ between valproate and placebo (Appendix Table D139).

Beta Blockers
Propranolol (one RCT of 166 adults)
Nineteen publications of 18 RCTs examined safety with propranolol versus placebo (Table

29 and Appendix Table D35). All trials were double blind but did not analyze the data according
to planned intention-to-treat principles (Appendix Table D37). Propranolol did not cause
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bothersome adverse effects leading to treatment discontinuation more often than placebo (low
strength of evidence) (Appendix Table D140).**

Propranolol resulted in adverse effects more often than placebo (pooled 92 attributable events
per 1000 treated 95 percent Cl, 12 to 172). Among individual adverse effects, propranolol
resulted in diarrhea (pooled 89 attributable events per 1,000 treated; 95 percent Cl, 14 t0164),
fatigue (129 attributable events per 1,000 treated; 95 percent Cl, 56 to 202), and nausea (pooled
52 attributable events per 1,000 treated 95 percent Cl, 14 to 91) more often than placebo.

Timolol

Treatment discontinuation due to bothersome adverse effects did not differ with timolol and
placebo (low strength of evidence from individual RCTs) (Table 29 and Appendix Tables D141
and D142). Timolol did not cause any adverse effects more often than placebo (Appendix Tables
D143 and D144).

Off-label Drugs

Antiepileptics

Eight RCTs examined safety of six off label antiepileptic drugs including acetazolamide,
gabapentin, vigabatrin, oxcarbazepine, carbamazepin, and lamotrigen (Appendix Table D40). All
trials were double blind (Appendix Table D42). Individual RCTs demonstrated that
acetazolamide®’ and lamotrigen®* resulted in treatment discontinuation due to bothersome
adverse effects was more often than placebo (Table 30). Rate of treatment discontinuation due to
adverse effects did not differ between carbamazepin, gabapentin, and oxcarbazepine and placebo
(Table 30).

Acetazolamide
Acetazolamide caused paresthesia, drowsiness, memory impairment, malaise, and
fasciculation more often than placebo (Appendix Table D145).'%’

Carbamazepin
Carbamazepin caused adverse effects necessitating reduction of dosage, vertigo, and
drowsiness more often than placebo (Appendix Table D146).1%

Gabapentin
Gabggpentin caused somnolence and dizziness more often than placebo (Appendix Table.
D147).

Lamotrigen

Lamotrigen caused treatment discontinuation due to adverse effects including rash more
often than placebo (Appendix Table D148).2!! A fixed dose of 200 mg/day of lamotrigen caused
skin rash more often than placebo in contrast with gradually escalated dose of lamotrigen starting
with 25 mg/day that did not cause skin rash.?!

Oxcarbazepine

Oxcarbazepine caused adverse effects including fatigue, dizziness, and nausea more often
than placebo (Appendix Table D149).%*
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Beta Blockers

Atenolol

Treatment discontinuation due to bothersome adverse effects did not differ with atenolol and
placebo (low strength of evidence from individual RCTs) (Table 31 and Appendix Table
D150).19% 202212 ess than 1 percent of participants discontinued atenolol due to bothersome side
effects (Appendix Table D151).1% 2% 212 Among all examined adverse effects, only rates of
slight orthostatic dizziness during the first week of treatments were greater with atenolol than
with placebo (Appendix Table D152).

Bisoprolol

Treatment discontinuation due to bothersome adverse effects did not differ with bisoprolol
and placebo (low strength of evidence from individual RCTs) (Table 31).1"® In fact, bisoprolol
did not cause any adverse effects more often than placebo (Appendix Table D152). 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 to 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 (low strength of evidence from individual RCTs) (Table 31).1%* Rates of
total adverse effects were greater with metoprolol than with placebo in a single RCT (Appendix
Table D152).1% Metoprolol caused fatigue, tiredness, and gastrointestinal side effects more often
than placebo (Appendix Table D152).'%

Nadolol

Treatment discontinuation due to bothersome adverse effects did not differ between nadolol
and placebo (low strength of evidence from individual RCTs) (Table 31).%" In fact, nadolol did
not cause any adverse effects more often than placebo (Appendix Table D152). Increased dose of
nadolol did not result in greater rates of adverse effects.}’® 1"’

Pindolol

Treatment discontinuation due to bothersome adverse effects did not differ with pindolol and
placebo (low strength of evidence from individual RCTs) (Table 31).1% Patients experienced
orthostatic dizziness and faintness more often with pindolol than with placebo (Appendix Table
D152).

Antidepressants
Individual underpowered RCTs found no differences in treatment discontinuation due to

bothersome adverse effects with placebo and amitriptyline, femoxetine, fluoxetine, or tonabersat
(Table 32).

Ergot Alkaloids

In individual underpowered RCTs, treatment discontinuation due to bothersome adverse
effects did not differ with placebo, lisuride, or methysergide (Table 33).2%% 214
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Angiotensin Converting Enzyme Inhibitors

Individual RCTs did not examine treatment discontinuation to bothersome adverse effects
with lisinopril**® or captopril.*° Captopril caused adverse effects no more often than placebo.
The rates of any adverse effects were greater than placebo with lisinopril; 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.™

120

Angiotensin Il Antagonists

Individual RCTs did not examine treatment discontinuation to bothersome adverse effects
with candesartan*? or telmisartan.’?* Neither drug caused any adverse effect more often than
placebo.'?! 122

Calcium Channel Antagonists

Treatment discontinuation due to bothersome adverse effects did not differ between placebo
and nifedipine®™® or between nimodipine*** #° and verapamil.**’

Compared to 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,
andederlrllga.215 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.**®* Among individual
adverse effects, fenoprofen increased rates of fatigue and somnolence.?®®

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

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

Muscle Relaxants

Botulinum Toxin

Comparative safety of botulinum toxin versus topiramate was examined in two RCTs that
demonstrated better safety with botulinum toxin than topiramate (Appendix Table D153).133 3
Patients experienced depression or mood disturbance, weight loss, paresthesias, or cognitive
deficits more often with topiramate (Appendix Table D153).33 13

Comparative safety of botulinum toxin versus divalproex sodium was examined in a single
RCT that found a higher risk of ptosis with botulinum toxin (Appendix Table D154).2** In
contrast, risk of fatigue, nausea, and total adverse effects was higher with divalproex (Appendix
Table D154).

Comparative safety of botulinum toxin versus amitriptyline was examined in a single RCT
that concluded better safety with botulinum toxin (Appendix Table D155).** Patients
experienced dry mouth, constipation, somnolence, and weight gain several times more often with
amitriptyline than with botulinum toxin.**®
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Topiramate

Comparative safety of topiramate was examined in individual RCTs. Topiramate was better
tolerated than amitriptyline in adults with migraine (Table 34).%*": ?° Treatment discontinuation
due to any adverse effects did not differ between topiramate and zonasamide or valproate (Table
34).

Treatment discontinuation due to exact adverse effects differed with topiramate and other
drugs according to individual RCTs (Appendix Table D156). Somnolence and weight gain
leading to withdrawal was more common with amitriptyline than topiramate (Appendix Table
D156).*" Treatment discontinuation to treatment failure, however, did not differ between
topiramate and amitriptyline or lamotrigine (Appendix Table D157).

Risk of exact adverse effects differed between topiramate and other drugs in individual RCTs
(Appendix Table D158). Topiramate increased risk of weight loss when compared to
amitriptyline®®’ or levetiracetam™* but not sodium valproate®®® (Appendix Table D158).
Topiramate increased risk of paresthesia when compared to amitriptyline,**” 2*° zonasamide,
levetiracetam,*** or sodium valproate?® (Appendix Table D158). Risk of dry mouth and
constipation was lower with topiramate than amitriptyline.**"- 2%

Comparative safety of topiramate combined with amitriptyline versus monotherapy was
examined in one small RCT*? (Appendix Table D159). Treatment discontinuation due to
adverse effects did not differ between topiramate combined with amitriptyline and monotherapy
(Appendix Table D160). Topiramate combined with amitriptyline increased the risk of adverse
effects when compared to amitriptyline alone but not topiramate alone.?*
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Valproate

Valproate Versus Cinnarizine

A single low risk of bias RCT of 125 adults found no differences in adverse effects and
treatment discontinuation due to bothersome adverse effects with valproate versus cinnarizine
(one RCT of 125 patients, low strength of evidence) (Table 35).14®

Beta Blockers

Propranolol

Treatment discontinuation due to bothersome adverse effects did not differ with propranolol
and aspirin (low strength of evidence from a single RCT of 36 adults) (Appendix Table D140
and Table 29).?** Evidence of comparative safety with propranolol and nifedipine or divalproex
was insufficient due to high risk of bias in individual RCTs (Appendix Table D140).

Treatment discontinuation due to adverse effects did not differ with behavioral migraine
management and propranolol (one RCT of 90 adults, low strength of evidence) (Appendix Table
D162).1%" Treatment discontinuation due to bothersome adverse effects did not differ with
combined behavioral migraine management with propranolol versus propranolol alone (one RCT
of 90 adults, low strength of evidence).’®” Combined therapy was more effective than
proprar}galol alone in increasing self-efficacy and internal control over headache (Appendix Table
D163).
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Off-label Drugs
Off-label Beta Blockers

Metoprolol Versus Clonidine (one RCT of 62 adults, low strength of evidence) (Appendix
Table D164)

Metoprolol resulted in treatment discontinuation due to bothersome adverse effects or
treatment failure less often than clonidine (Table 36).%*°

Metoprolol Versus Bisoprolol (one RCT of 156 adults, low strength of evidence) (Appendix
Table D164)

Treatment discontinuation due to adverse effects did not differ between the two drugs (Table
36)™° nor did rates of individual examined adverse effects differ between the drugs (Appendix
Table D165).

Metoprolol Versus Nebivolol (one RCT of 30 adults, low strength of evidence) (Appendix
Table D164)

Treatment discontinuation due to adverse effects did not differ between the two drugs (Table
36).1% Patients experienced moderate adverse effects, fatigue, and bradicarida more often with
metoprolol than with nebivolol (Appendix Table D164). *°

Metoprolol Versus Aspirin (one RCT of 56 adults, low strength of evidence) (Appendix
Table D164)

Gastrointestinal side effects leading to withdrawal were more common with aspirin than
metoprolol (Table 36).>” However, total adverse effects and autonomic nervous system and
psychizalltSrgc disorders were more common with metoprolol than aspirin (Appendix Table
D165).

Metoprolol Versus Clomipramine (one RCT of 126 adults, low strength of evidence)
(Appendix Table D164)

Treatment discontinuation because of severe adverse reactions was more common with
clomipramine than metoprolol (Table 36).?** Clomipramine caused insomnia and sweating more
often than metoprolol (Appendix Table D1653).7%2

Antidepressants

Clomipramine Versus Metoprolol (one RCT of 126 adults, low strength of evidence)
Clomipramine resulted in greater treatment discontinuation due to bothersome adverse
effects than metoprolol (Table 32).2%

Femoxetine Versus Propranolol (one RCT of 58 adults, low strength of evidence)
Treatment discontinuation due to bothersome adverse effects did not differ between
femoxetine and propranolol (Table 32).1%
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Amitriptyline Versus Spinal Manipulation (one RCT of 147 adults, low strength of
evidence) (Table 37)'®

Treatment discontinuation due to adverse effects occurred less with spinal stimulation than
with amitriptyline.'® Strength of evidence was low due to risk of bias and imprecise estimate
(Appendix Table D166).1%°

Treatment discontinuation due to adverse effects did not differ between combined treatment
using spinal manipulation with amitriptyline and amitriptyline alone (Appendix Table D167).1%°

Ergot Alkaloids
A single RCT of 253 adults (low strength of evidence) found that treatment discontinuation
due to adverse effects was lower with lisuride than with methysergide (Table 33).2%

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

Indirect Bayesian network meta-analyses demonstrated that topiramate, divalproex, off-label
antiepileptics, antidepressants, and ergot alkaloids resulted in bothersome adverse effects leading
to treatment discontinuation more often than placebo (Appendix Table D168). Divalproex and
off-label antiepileptics resulted in bothersome adverse effects leading to treatment
discontinuation more often than beta blockers.

Bothersome adverse effects leading to treatment discontinuation were examined with 28
different drugs from eight drug classes. We analyzed comparative effectiveness of 10 treatments
including placebo, topiramate, valproate, divalproex, propranolol, off-label beta blockers, off-
label antidepressants, off-label antiepileptics, and other off-label drugs (ergot alkaloids or
dopaminergic agents). Topiramate, divalproex, off-label antiepileptics (acetazolamide,
carbamazepin, gabapentin, lamotrigen, levetiracetam, oxcarbazepine), antidepressants, and other
off-label drugs (ergot alkaloids or dopaminergic agents) resulted in bothersome adverse effects
leading to treatment discontinuation more often than placebo (Appendix Table D168).
Divalproex and off-label antiepileptics resulted in bothersome adverse effects leading to
treatment discontinuation more often than beta blockers. Divalproex and off-label antiepileptics
led to the highest rates of treatment discontinuation due to bothersome adverse effects.

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?

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. Adverse effect with botulinum toxin vs. placebo for migraine prevention in adults (magnitude of the effect and strength of
evidence from randomized controlled clinical trials)

Rate, percent Number needed to Attributable events

Sample, Strength of

Adverse effect References with botulinum treat per 1000 treated evidence
toxin [placebo] (95%Cl) (95%Cl)
Any adverse effect 5031782 189,10, 225221 47.5[29.4] 6 (5to 11) 155 (90 to 220) Moderate
Back pain 111277170227 2.2 [0.5] 59 (32 to 333) 17 (3to 31) High
Discontinuations related to adverse effect 13847 %% 3.8[1.1] 38 (23 to 100) 26 (10 to 43) Moderate
Dizziness ggg’" 788l 227 1.7 [0.9] Moderate
Dysphagia 10578170 3.3[0.3] 36 (23 to 83) 28 (12 to 44) High
Eyelid edema 915°% 109,227 3.6 [0.3] High
Headache 22047881169, 110,223,221 5.2 [4.5] High
Hypertonia 142675170227 7.1[1.3] 16 (12 to 24) 62 (42 to 82) High
Neck pain 2233788125227 14.1 [1.4] 9 (610 17) 111 (58 to 164) Moderate
Neck rigidity 146777 & 1022 9.2 [1.8] 13 (9 to 24) 75 (41 to 110) Moderate
Pain 231977 B EL 1022 3.6 [2.1] Moderate
Blepharoptosis 2454778 81,169,110, 223, 228, 221 6.4 [0.8] 20 (14 to 34) 49 (29 to 69) High
Muscle weakness 19688 170.223. 25 15.8 [0.1] 8 (5t0 18) 132 (56 to 209) Moderate
Fever 587/ 81169 5.3 [7.1] Moderate

Cl — confidence interval
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Table 23. Adverse effects with botulinum toxin vs. placebo meta-regression by study level factors (log of relative risk in randomized
controlled clinical trials)

Meta-regression

Contributing factor Adverse effect Contributing variable Lower 95% ClI Upper 95%Cl

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 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 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 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

Bold —significant differences at 95% confidence limit

Cl — confidence interval
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Table 24. Treatment discontinuation due to adverse effects with topiramate in adults

Definition of the outcome Daily dose R Sample Conclusion Strgngth of
eferences evidence

Discontinued due to adverse 100 mg/day  1719% 07 150190, 228230 Topiramate, 100 mg/day, resulted in treatment discontinuation Moderate

events due to adverse effects more often than placebo

Discontinued due to adverse 200 mg/day  586% ¥ 921 Topiramate, 200 mg/day, resulted in treatment discontinuation Low

events due to adverse effects more often than placebo

Discontinuations due to adverse 50 mg/day 310% %1 Topiramate, 50 mg/day, did not result in treatment discontinuation  Low

events due to adverse effects more often than placebo

Discontinued due to lack of 100 mg/day  1669% 8/ 189,190, 228,22 Topiramate, 100 mg/day, did not result in treatment Moderate

efficacy discontinuation due to treatment failure more often than placebo

Discontinued due to lack of Any dose 59284 87. 190, 1%2 Topiramate, 100 mg/day, did not result in treatment Low

efficacy discontinuation due to treatment failure more often than placebo

Discontinued due to lack of 50 mg/day 3199190 Topiramate, 200 mg/day, did not result in treatment Low

efficacy discontinuation due to treatment failure more often than placebo

Dizziness leading to withdrawal 50-200 186777 #0230 Topiramate, 50-200 mg/day, did not result in treatment Moderate
mg/day discontinuation due to dizziness more often than placebo

Fatigue leading to withdrawal 50-200 198277 189,210,230 Topiramate, 50-200 mg/day, resulted in treatment discontinuation  High
mg/day due to fatigue more often than placebo

Insomnia leading to withdrawal 50-200 186777 #0230 Topiramate, 50-200 mg/day, resulted in treatment discontinuation ~ Moderate
mg/day due to insomnia more often than placebo

Language problems leading to 50-200 1630710 =Y Topiramate, 50-200 mg/day, resulted in treatment discontinuation ~ Moderate

withdrawal mg/day due to language problems more often than placebo

Paresthesia leading to withdrawal ~ 50-200 198277 69,210,250 Topiramate, 50-200 mg/day, resulted in treatment discontinuation ~ Moderate
mg/day due to paresthesia more often than placebo

Somnolence leading to withdrawal ~ 50-200 1695189210 Topiramate, 50-200 mg/day, did not result in treatment Moderate
mg/day discontinuation due to somnolence more often than placebo

Taste perversion leading to 50-200 1745189210230 Topiramate, 50-200 mg/day, resulted in treatment discontinuation ~ Moderate

withdrawal mg/day due to taste perversion more often than placebo

Early discontinuation 50-200 326454 5. 88.189.192,210. 228,229 Topiramate, 50-200 mg/day, did not result in treatment Low
mg/day discontinuation more often than placebo

Difficulty with concentration/ 50-200 23677 189,210,229, 230 Topiramate, 50-200mg/day, resulted in treatment discontinuation ~ High

attention leading to withdrawal mg/day due cognitive symptoms more often than placebo

Early discontinuation due to 100 vs. 50 62170 Increase in dose of topiramate from 50 to 100 mg/day resulted in Low

adverse effects mg/day greater rates of treatment discontinuation due to adverse effects

Early discontinuation due to 200 vs. 50 or 490%™ Increase in dose of topiramate to 200 mg/day did not result in Low

adverse effects 100 mg/day greater rates of treatment discontinuation due to adverse effects

when compared to 50 or 100 mg/day
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Table 25. Discontinuation due to adverse effects with topiramate in randomized controlled clinical trials of migraine prevention in adults

. Rate, . . . Number Attributable
oucome - or . Sample, - percent  Relatverisk ol PRIGGgT neededto  eventsper UG
. ererence wi rug (1] rea reate .
topiramate [placebo] (95%Cl) 97.5%) (95%Cl) (95%Cl) evidence

Discontinued 100 mg/day  1719%:81%  126[6.2] 1.6 (1.1t02.2) 0.04(0.01t0 0.06) 1.9 (1.2t0 3.0) 28 (17to 71) 36 (14to 58)  Moderate
due to adverse 190, 228-230
events
Discontinued 200 mg/day 58651221 27 216.6] 2.6 (1.5t04.6) 0.15(0.07t00.22) 3.9(1.9t08.8) 7 (4to 15) 146 (68 to 223) Low
due to adverse
events
Discontinuations 50 mg/day 3105 %1 17.5[10.8] 1.5(0.7t02.9) 0.06 (-0.03t00.15) 1.9 (0.7t05.5) 17 (7t0o-34) 58 (-29 to 145) Low
due to adverse
events
Dizziness 50-200 1867777920 20[1.8] 1.2(0.6t02.5) 0.00 (-0.01to 0.02) 1.0 (0.4 to 2.4) Moderate
leading to mg/day
withdrawal
Fatigue leading  50-200 198277 1892104 1 [1.0] 3.3(1.4t07.7) 0.03(0.01to 0.04) 3.9(1.6to 10.6) 38 (23 to 125) 26 (810 43) High
to withdrawal mg/day 230
Insomnia 50-200 186747020 26[1.2] 2.4(1.1to5.2) 0.02(0.00t0 0.03) 2.3(0.9t06.2) 63 (34 to 250) 16 (4 to 29) Moderate
leading to mg/day
withdrawal
Language 50-200 16304020 1.9[0.4] 3.2(1.0to0 10.6) 0.01 (0.00to 0.02) 5.5 (1.4to 41.1) 71 (42to 333) 14 (3 to 24) Moderate
problems mg/day
leading to
withdrawal
Paresthesia 50-200 1982% 19210 5 9[0.7] 8.6(3.8t0 19.7) 0.06 (0.04 to 0.09) 12.4 (4.9 to 37.4) 17 (12 to 29) 60 (35t0 85)  Moderate
leading to mg/day 230
withdrawal
Somnolence 50-200 16959210 1.8[1.8] 0.9(0.4t01.9) 0.00(-0.02to0 0.01) 1.0 (0.4 to 2.6) Moderate
leading to mg/day
withdrawal
Taste 50-200 1745%92020 1 170.0] 3.0 (0.8t0 11.7) 0.01 (0.00 to 0.02) 100 (56 to 500) 10 (2 to 18) Moderate
perversion mg/day
leading to
withdrawal
Early 50-200 3264% %% 376[322] 1.1(09to1.3) 0.03(-0.03t00.08) 1.1 (0.9to 1.5) Low
discontinuation  mg/day 189, 12, 210,228, 229
Difficulty with 50-200 23677189210 49113] 35(1.7t07.3) 0.04(0.01t0 0.06) 4.1(1.5t09.8) 28 (16to 100) 36 (10 to 63) High
concentration/at mg/day 225,230

tention leading
to withdrawal

Bold — significant at 95% confidence limit
Cl — confidence interval
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Table 26. Adverse effects with topiramate in adults with migraine, significant results from pooled analysis of randomized controlled

clinical trials

QOutcome

Sample, reference

Rate percent with

drug [placebo]

Number needed to treat to
harm 1 patient (95% CI)

Attributable events per
1000 treated (95% ClI)

Any adverse event 30797 -, 721029 77.7[57.7] 8 (5 to 16) 129 (61 to 196)
Anorexia 3390 ¥, 88, 185, 210, 228-230, 232 11.2 [4.9] 19 (12 to 43) 54 (23 to 85)
Anxiety 1620710232 5.4 [2.6] 34 (21 to 111) 29 (9 to 48)
Paresthesia 33428480, 88,189, 192, 210, 228-230 41.1[9.6] 3(3to5) 303 (218 to 388)
Difficulty with concentration 253155 88, 210,228, 2350 7.0[3.2] 28 (16 to 111) 36 (9 to 64)
Diarrhea 2035%2.210.2% 9.9 [3.8] 18 (13 to 29) 57 (34 to 80)
Fatigue 357254 8. 88,187,189, 210, 228-230 14.2 [8.2] 22 (15 to 40) 45 (25 to 66)
Hypoesthesia 2627187410228, 229 7.5[1.3] 17 (13 to 24) 60 (42 to 78)
Cognitive symptoms 24755 % 189,192, 210,228,230 8.9 [3.2] 18 (13 to 32) 56 (31 to 80)
Nausea 30795 % 8, 210,228,229 11.1[6.9] 30 (18 to 125) 33 (810 57)
Somnolence 305885 8 187,189, 210, 225230 7.5 [4.8] 45 (24 to 500) 22 (210 41)
Alteration of taste 12094250 32.8[1.8] 3(2to05) 313 (191 to 435)
Abnormal vision 16207102 5.7 [2.4] 32 (17 to 250) 31 (4 to 59)
Weight loss 251 2% % 189,210, 230, 252 10.6 [3.7] 13 (9 to 25) 77 (40 to 115)

Cl — confidence interval
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Table 27. Treatment discontinuation due to bothersome adverse effects and adverse effects with divalproex vs. placebo for migraine

prevention in adults, results from randomized controlled clinical trials

. Number Attributable
Rate, percent with Strength
. . needed to events per
Outcome Daily dose Reference Sample divalproex treat 1000 treated .of
[placebo] (95%Cl) (95%Cl) evidence

Discontinuations due to  Mean average dose 1087 mg/d Mathew, 1995% 107 12.9 [5.4] NS NS

intolerance

Discontinuations due to  Mean average dose 871 mg/d  Freitag, 2002% 239 8.1[8.6] NS NS

intolerance

Discontinuations due to  Pooled 346 9.8 [7.8] NS NS Low
intolerance

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(5to24) 129 (41 to 216) Low
Any Mean average dose 871 mg/d  Freitag, 2002% 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 (93 to 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 4.719.1] 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 Mean average dose of study: Freitag, 2002% 239 6.5[4.3] NS NS Low

871 mg/d
Flu syndrome Mean average dose of study: Freitag, 2002% 239 8.1[8.6] NS NS Low
871 mg/d

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
Infection Mean average dose of study: Freitag, 2002% 239 14.6 [13.9] NS NS Low

871 mg/d
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Table 27. Treatment discontinuation due to bothersome adverse effects and adverse effects with divalproex vs. placebo for migraine

prevention in adults, results from randomized controlled clinical trials (continued)

Number

Attributable

Rate, percent with Strength
Outcome Daily dose Reference Sample di\F/)aIproex needed to events per ofg
[placebo] treat 1000 treated evidence
(95%Cl) (95%Cl)
Nausea Mean average dose of Mathew, 1995 107 45.7 [13.5] 3(2to 6) 322 (162to Low
divalproex sodium was 1087 482)
mg/d
Nausea 500 mg Klapper, 1997% 60 26.7 [6.8] 5(3to52) 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(2t012) 274 (86 to 463) Low
Nausea Mean average dose of study: Freitag, 2002% 239 14.6 [8.6] NS NS Low
871 mg/d
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 Mean average dose of study: Freitag, 2002% 239 3.3[7.9] NS NS Low
871 mg/d
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, 1997 59 18.2 [4.6] NS NS Low
Somnolence Mean average dose of study: Freitag, 2002% 239 6.5[1.7] NS NS Low
871 mg/d
Tremor Mean average dose 1087 mg/d Mathew, 1995% 107 12.9[0.0] 8(5t024) 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, 19957 59 15.9 [0.0] 6(3t048) 159 (21 to 297) Low
Vomiting Mean average dose 1087 mg/d Mathew, 1995 107 18.6 [0.0] 5(4to11) 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 Mean average dose of study: Freitag, 2002% 239 6.5[1.7] NS NS Low

871 mg/d

Bold — significant difference at 95% confidence limit

Cl — confidence interval
NS — not significant
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Table 28. Treatment discontinuation due to bothersome adverse effects with valproate vs. placebo for migraine prevention in adults,
results from moderate risk of bias randomized controlled clinical trial

Adverse effect that lead Rate, percent Relative risk Absolute risk Strenath of
to treatment Daily dose Reference Sample with valproate difference N9
. : . (95%Cl) evidence
discontinuation [placebo] (95%Cl)
Discontinuations due to 400 mg twice a Hering, 1992%* 64 3.1[6.3] 0.5(0.0t05.2) -0.03(-0.13t0 0.07) Low
adverse effects day

Cl — confidence interval
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Table 29. Treatment discontinuation due to adverse effects with propranolol or timolol for migraine prevention in adults, results from
randomized controlled clinical trials

Rate with Rate with Number Attributable
Active Control Reference Sample active control needed to events Strength of
treatment treatment treatment, treatment, treat (95%Cl) evidence
percent percent (95% Cl)
Treatment Propranolol Placebo Diamond, 1976™* 166 7.2 1.2 Low
discontinuation
due to adverse
Treatment Divalproex Propranolol Kaniecki, 1997*% 74 10.8 2.7 Insufficient
discontinuation
due to adverse
Treatment Propranolol  Nifedipine Albers, 1989 40 25.0 65.0 -3(-8to -1) -400 Insufficient
discontinuation (-682 to -118)
due to adverse
Treatment Propranolol Acetylsalicylic Baldrati, 1983* 36 11.1 16.7 Low
discontinuation acid
due to adverse
Treatment Propranolol Abortive Mathew, 1981"% 89 2.3-6.3 8.9-18.4 Insufficient
discontinuation treatment with
due to adverse ergotamine and
analgesics
(control)
Treatment Propranolol  Abortive Mathew, 1981%% 96 43 18.4 7 -141 Insufficient
discontinuation + treatment with (-55 to -4) (-264 to -18)
due to adverse Amitriptyline ergotamine and
analgesics
(control)
Moderate chest  Timolol Placebo Stellar, 1984™ 94 2.1 0 Not Not significant  Low
pain on day 28 significant
leading to
discontinuation
Discontinued Timolol Placebo Stellar, 1984 94 2.1 0 Not Not significant  Low
therapy because significant
of severe
epigastric
distress and
fecal impaction
Withdrew due to  Timolol Placebo Stellar, 1984 94 4.3 0 Not Not significant  Low
adverse significant

experiences

Bold — significant at 95% confidence limit
Cl — Confidence interval
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Table 30. Treatment discontinuation due to bothersome adverse effects with off label antiepileptic drugs vs. placebo for migraine
prevention in adults, results from randomized controlled clinical trials (low strength of evidence)

Events/ Events/ Rate, Relative Absolute Number Attributable
Active drug, daily Reference Sample randomized randomized percent with risk risk needed to events per
dose Risk of bias with active with active drug (95%Cl) difference treat 1000 treated
drug placebo [placebo] (95%Cl) (95%Cl) (95% Cl)
Acetazolamide Vahedi, 2002%" 53 9/26 2127 34.6 [7.4] 47(1.1to 0.27(0.06t0 4 (2to 16) 272 (64 to
500 mg (250 twice Risk of bias Low 19.6) 0.48) 480)
daily)
Carbamazepine Rompel, 1970™® 96 1/48 0/48 2.1[0.0] 3.0(0.1to0 0.02(-0.04 to NS NS
One tablet 3times a  Risk of bias 71.9) 0.08)
day Moderate
Gabapentin Mathew, 2001 143 16/98 4/45 16.3[8.9] 1.8(0.7t0  0.07 (-0.04 to NS NS
Titrated up to 2400 Risk of bias 5.2) 0.19)
mg daily Moderate
Gabapentin Wessely, 1987%%° 45 2/23 1/22 8.7 [4.5] 1.9(0.2t0 0.04(-0.10 to NS NS
900 mg (300 x 3) Risk of bias Low 19.6) 0.19)
Lamotrigine Steiner, 19977 58 7/18 3/40 38.9[7.5] 52(1.5to0 0.31(0.07to 3(2to 13) 314 (74 to
25 mg/day for 2 Risk of bias Low 17.8) 0.55) 553)
weeks, 50 mg/day
for 2 weeks, then
200 mg/day
Lamotrigine Gupta, 2007%® 120 3/60 3/60 5.0 [5.0] 1.0(0.2to  0.00 (-0.08 to NS NS
25mg BD Risk of bias Low 4.8) 0.08)
Oxcarbazepine Silberstein, 170 8/85 4/85 9.4 [4.7] 20(0.6to 0.05(-0.03to NS NS
Maximum tolerated ~ 2008°* 6.4) 0.12)

dose of 1,200
mg/day

Risk of bias Low

NS — not significant

Bold — significant at 95% confidence limit

Cl — confidence level
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Table 31. Treatment discontinuation due to adverse effects with beta blockers for migraine prevention in adults, evidence from

randomized controlled clinical trials

Rate of Number .
Attributable
Definition of the outcome Drug name Reference Sample outcomg, needed to events per Strgngth of
percent with treat to harm 1000 treated evidence
drug [placebo] 1 patient
Withdrawal due to side effects Atenolol Johannsson, 1987 144 0.0 [4.2] Not significant _ Not significant Low
Withdrawal due to mood Atenolol Forssman, 1982-83 1%%2% 48 4.210.0] Not significant ~ Not significant Low
alternations and increased
tiredness
Withdrawal due to intolerable Atenolol Forssman, 1982-83 1067 48 0.0[4.2] Not significant  Not significant Low
increase of headache attack
Dropped out of the study due to Bisoprolol van de Ven, 19977 111 5.4 [5.3] Not significant  Not significant Low
adverse effects
Discontinued due to side-effects Metoprolol Andersson, 1983'% 71 2.9[2.7] Not significant  Not significant Low
Discontinued due to bradycardia Nadolol Freitag, 1984™" 32 4.2 [0.0] Not significant  Not significant Low
Discontinued due to side-effects Pindolol (LB-46) Sjaastad, 1972 56 10.7 [0.0] Not significant  Not significant Low
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Table 32. Treatment discontinuation due to adverse effects with antidepressants, results from randomized controlled clinical trials,
strength of evidence is low due to risk of bias and imprecision of the estimates

Active Reference Event_s/ Event_s/ Rate, percent . . Abs_olute Number
Outcome drug Control drug Risk of randomged rgndomlzed witryl active Relative risk . risk needed
Daily dc;se bias with active  with control [control] drug (95%Cl) difference  to treat
drug drug (95% Cl) (95% Cl)
Amitriptyline Placebo Couch, 1979 5/55 2/61 9.1[3.3] 2.8 (0.6 to 13.7) 0.06
50 mg to 100 Risk of bias (-0.03 to0 0.15)
mg Moderate
Amitriptyline Placebo Couch, 20117 23/194 13/197 11.9 [6.6] 1.8 (0.9 t0 3.4) 0.05
25-100 mg Risk of bias (0.00 to 0.11)
Moderate
Clomipramine Metoprolol Langohr, 1985°% 18/63 0/63 28.6 [0.0] 37.0 0.29 3(3to6) 286 (173
100 mg/day 100mg/day Risk of bias (2.3 t0 600.9) (0.17 to 0.40) to 399)
Moderate
Femoxetine Placebo Orholm, 19862 4/31 2134 12.9[5.9] 2.2(0.4t011.2) 0.07
200 mg daily Risk of bias (-0.07 to 0.21)
increasing to a Moderate
standard
dosage of 600
mg daily
Fluoxetine, Placebo Steiner, 19987 4127 4126 14.8 [15.4] 1.0 (0.3 to 3.5) -0.01
40 mg Risk of bias High (-0.20t0 0.19)
Tonabersat Placebo Goadsby, 2009™? 2/59 1/65 3.4[1.5] 2.2(0.2to0 23.7) 0.02
20 mg -40 mg Risk of bias Low (-0.04 to 0.07)
Femoxetine Propranolol  Kangasniemi, 3/29 0/29 10.3[0.0] 7.0 0.10
200 mg daily 80 mg daily 1983™2 (0.4 t0 129.7) (-0.02 to 0.23)
1stweek and for 1st Risk of bias
400 mg daily week and Moderate
after 160 mg
daily later

Bold — significant differences at 95% confidence limit

Cl — confidence interval
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Table 33. Treatment discontinuation due to adverse effects with ergot alkaloids, results from randomized controlled clinical trials,

strength of evidence is low due to risk of bias and imprecision of the estimates

Events/ Events/ Rate, . . Number Attributable
. ; ; percent Relative Absolute risk
Outcome Actllve drug, Referenpe randomlged re}ndomlzed with active risk difference needed to events per
Daily dose Risk of bias with active  with control [control] (95%Cl) (95%Cl) treat 1000 treated
drug drug drug (95%Cl) (95%Cl))
Lisuride 0.025 Placebo Somerville, 12/75 5/75 16.0 [6.7] 2.4 0.09
mg three times 1976%* (0.9t06.5)  (-0.01t00.19)
a day Risk of bias
Moderate
Methysergide Placebo Whewell, 1/74 2/74 1.4[2.7] 0.5 -0.01
1 mgq.d.s. 1966% (0.0t05.4)  (-0.06 to 0.03)
Risk of bias
Moderate
Lisuride 25 Methysergide  Hermann, 22/130 48/123 16.9 [39.0] 0.4 -0.22 -5 -221
mcg tid 2 mg tid 1977%% (0.3t00.7) (-0.33t0-0.11) (9to-3)  (-329to -113)
Risk of bias
Moderate

Bold — significant differences at 95% confidence limit
Cl — confidence interval
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Table 34. Treatment discontinuation due to any adverse effects with topiramate vs. other drugs for migraine prevention in adults

Rate, percent

Number

Attributable

. - Strength
Adverse effects leading to . with needed to events per
withdrawal ’ Active Control Reference Sample topiramate treat 1000 tregted .dOf
[control drug]  (95%Cl) (95%Cl) evigence
Aggravation of migraine leading  Topiramate  Amitriptyline Dodick, 2009 347 0.0 [1.8] NS NS Low
to withdrawal
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
Hypoesthesia leading to Topiramate  Amitriptyline Dodick, 2009 347 1.7 [0.0] Low
withdrawal
Somnolence leading to Topiramate  Amitriptyline Dodick, 2009%" 347 0.0 [4.1] 24 -41 Low
withdrawal (-104 to -14) (-73 to -10)
Weight increase leading to Topiramate  Amitriptyline Dodick, 2009%7 347 0.0 [4.7] 21 -A7 Low
withdrawal (-73t0 -12) -81 to -14)
Withdrew due to drowsiness Topiramate Valproate (slow- Bartolini, 44 9.1 [13.6] NS NS Low
release) 20050
Left the study due to impaired Topiramate Zonasamide Mohammadiani 80 0.0 [2.5] NS NS Low
concentration nejad, 2011%°
Left the study due to intolerable  Topiramate Zonasamide Mohammadiani 80 5.0 [0.0] NS NS Low
paresthesia nejad, 2011%*°
Left the study due to unbearable Topiramate Zonasamide Mohammadiani 80 0.0 [2.5] NS NS Low
restless leg syndrome nejad, 2011%*°
Discontinued due to adverse Topiramate  Amitriptyline Dodick, 2009™ 347 19.7 [22.5] NS NS Low
effects 100mg 100mg
Discontinued due to adverse Topiramate + Amitriptyline Keskinbora, 51 4.3 [14.3] NS NS Low
effects Amitriptyline 2008%°
amitriptyline

Discontinued due to adverse Topiramate Amitriptyline Keskinbora, 52 8.3[14.3] NS NS Low
effects 200mg 150mg 2008%°
Discontinued due to adverse Topiramate Topiramate + Keskinbora, 47 8.3[4.3] NS NS Low
effects 200mg) Amitriptyline 2008%°
Discontinued due to adverse Topiramate  Lamotrigine Gupta, 2007 120 5.0 [5.0] NS NS Low
effects 25mg BD 25mg BD
Discontinued due to adverse Topiramate Levetiracetam de Tommaso, 28 7.7 [0.0] NS NS Low
effects 100mg BD  1000mg BD 2007

Bold — significant at 95% confidence limit

Cl — confidence interval
NS — not significant
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Table 35. Treatment discontinuation due to bothersome adverse effects with valproate (600 mg/day) vs. cinnarizine (75 mg/day), low
strength of evidence from low risk of bias randomized controlled clinical trial**®

Rate, percent with

Definition outcomes Events/randomized Events/randomized valproate Relative risk Absolute risk difference
. . . . 0 0
with valproate with cinnarizine [cinnarizine] (95%Cl) (95%Cl)
Adverse effects of treatment 13/67 13/58 19.4 [22.4] 0.9(0.4t01.7) -0.03 (-0.17 t0 0.11)
Discontinuations due to 3/67 2/58 4.5[3.4] 1.3(0.2t0 7.5) 0.01 (-0.06 to 0.08)

adverse effects

Cl — confidence interval
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Table 36. Comparative safety of beta blockers for migraine prevention in adults, treatment discontinuation due to bothersome adverse
effects in randomized controlled clinical trials

Rate of outcome Number .
) . Attributable
Definition of the In active group needed to events per 1000 Strength
Reference Active drug Control drug Sample [Rate of outcome  treatto harm of
outcome / . treated .
in control group], one patient (95%Cl) evidence
percent (95% Cl)

Withdrew because of Louis, 1985™  Metoprolol Clonidine 62 0.0[12.9] -8 (-870to -4) -129 (-257 to -1) Low
side effects and/or
lack of efficacy
Discontinued due to Worz, 1991 Metoprolol Bisoprolol 156 6.4 [10.3] Not significant ~ Not significant Low
side-effects
Patient withdrawal due Schellenberg, Metoprolol Nebivolol 30 7.16.3] Not significant  Not significant Low
to events 2008%¢
Drowsiness leading to Grotemeyer, Metoprolol Acetylsalicylic 56 7.1[0.0] Not significant  Not significant Low
withdrawal 1990%7 acid
Gastrointestinal side- Grotemeyer, Metoprolol Acetylsalicylic 56 0.0 [17.9] -6 (-35t0 -3) -179 (-329 to -28) Low
effects leading to 1990%7 acid
withdrawal
Discontinued Langohr, Clomipramine Metoprolol 126 28.6 [0.0] 3(3to6) 286 (173 to 399) Low
treatment because of 1985%%?

severe adverse
reactions

Bold — significant differences at 95% confidence limit

Cl — confidence interval
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Table 37. Treatment adherence and discontinuation due to adverse effects with antidepressant amitriptyline and spinal manipulation for

migraine prevention in adults, individual moderate risk of bias randomized controlled clinical trial*®

Rate with active, et needed

Attributable

Definition of the . Control percent Strength of
outcome Active treatment treatment Sample [control] é%ﬁ,;)eglt) ter\g;?ésd ‘()geé(;)oglc)) evidence
treatments
Withdrawn due Spinal Amitriptyline 147 0.0[10.0] -10 (-38 to -6) -100 (-174 to -26) Low
to side-effects Manipulation 100mg/day
Withdrawn due to  Spinal Amitriptyline 141 5.6 [10.0] Not significant Not significant Low
side effects Manipulation + 100 mg/days
Amitriptyline
100 mg/day
Withdrawn due to  Spinal Spinal 148 0.0 [5.6] Not significant Not significant Low
side effects Manipulation Manipulation +
Amitriptyline
100 mg/day

Bold — significant differences at 95% confidence limit
Cl — confidence interval

79



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

Muscle Relaxants

Botulinum Toxin

Placebo Responders

Efficacy of botulinum toxin among placebo responders versus nonresponders was examined
in four RCTs."® 227236237 Boylinum toxin was better than placebo in preventing migraine
attacks/month by >50 percent, irrespective of placebo response according to the BOTULINUM
TOXIN CDH Study Group.’® Magnitude of the effect was slightly larger in placebo
nonresponders (RR 2.2, 95 percent ClI, 1.4 to 3.4) than in placebo responders (RR 1.6, 95 percent
Cl, 1.1to 2.4).” The European BoNTA Headache Study Group demonstrated no additional
benefits from increasing botulinum toxin dose, regardless of placebo response.?” The number of
migraine days did not differ by dose (75, 15, or 225U) of botulinum toxin.?*’

Baseline Migraine Frequency

Botulinum toxin 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.??’ Botulinum toxin decreased the likelihood of use of drugs for acute attacks in
patienztzs7with more than 12 migraine days per month at baseline (RR 0.78, 95 percent CI, 0.66 to
0.92).

Concurrent Prophylactic Medication Use

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

Antiepileptics
Topiramate

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 caused a complete cessation of migraine attacks in 37 (95 percent Cl, 8 to 67) and a
reduction of monthly migraine attacks by 50 percent in 249 (95 percent CI, 178 to 320) per 1,000
treated women.'®® In men, topiramate was better than placebo in a reduction of migraine attacks
by 75 percent.'®®
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Gabapentin

Presence of Aura

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

Antidepressants
Amitriptyline

Baseline Migraine Frequency

Amitriptyline was better than placebo in reducing monthly migraine only in patients with
>17 migraine attacks per month (Appendix Table D169).2* Amitriptyline was better than
placebo in reducing monthly migraine only in depressed patients whose baseline migraine was
frequent and severe (Appendix Table D170).2%*

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 percent, Cl 1.45
to 3.8 for every additional day of baseline migraine) (Appendix Table D171).*

Selective Calcium Channel Blockers
Nimodipine
Presence of Aura
A higher dose of nimodipine was not associated with increased response rates regardless of

aura.*® Nimodepin, 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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Discussion

Our report, in accordance with previously published reviews,?* 2* demonstrated that all
approved drugs were better than placebo in reducing monthly migraine frequency by >50
percent. In addition, we found that off-label beta blockers and angiotensin acting drugs are more
effective and safe than approved drugs in 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 moderate 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 high only for topiramate, moderate for timolol and
metoprolol, 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; nor did investigators fully adopt the
recommendations from the Task Force of the International Headache Society Clinical Trials
Subcorzr;mittee 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 with no sufficient 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.” 2%

Applicability of study population was good 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 (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. %>/

A few RCTs reported treatment effects in patient subpopulations. Low strength of evidence
suggested that botulinum toxin?*’ and amitriptyline'’® were more effective in patients with
frequent baseline migraine. Rates of migraine prevention varied from 1 to 50 percent in
examined RCTs. Previous research demonstrated a high placebo response in trials aimed to treat
acute migraine attacks.?® 2*® Our review demonstrated that a relative risk of adverse effects with
botulinum toxin 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
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.
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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 RCTs.
Thus, we conducted Bayesian network meta-analyses, which indicated that angiotensin acting
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 demonstrated significant
increase in rates of bothersome adverse effects leading to treatment discontinuation when
compared to placebo. In contrast, network meta-analysis demonstrated that patients stopped
taking drugs more often with topiramate, divalproex, off-label antiepileptics, antidepressants, and
ergot alkaloids than with placebo.

On average, rates of treatment discontinuation due to bothersome adverse effects were 6
percent with placebo, 6 percent with propranolol, 4 percent with off-label beta blockers, and 7
percent with flunarizine. In contrast, 15 percent of patients stopped taking topiramate, 12 percent
stopped taking divalproex, 12 percent stopped taking antidepressants, and 10 percent stopped
taking off-label antiepileptics. 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
effective and safe drugs should be the first choice in adult migraine prevention. Our review
demonstrated that approved beta blockers and off-label beta blockers and angiotensin acting
drugs have better benefits and harms profiles than other drugs in RCTs. We could not find
published controlled observational studies about preventive drug utilization and comparative
effectiveness of approved versus off-label drugs. A single retrospective administrative database
study found that migraine prophylaxis medications (tricyclic antidepressants, SSRI
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 off-label drug utilization 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 were anticonvulsants (46 percent), gabapentin (83 percent), and amitriptyline
hydrochloride (81 percent).?®! We found that off-label antiepileptics and antidepressants
demonstrated worse benefits and safety profiles than beta blockers or angiotensin acting drugs.
Evidence of off-label drug use and associated adverse effects has been evaluated with
prospective pharmacovigilance surveys in European countries.?** ?* Routine monitoring of
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harms with off-label drugs is needed in the United States in order to collect and analyze the
comparative safety evidence 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 RCTSs 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. 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.

We identified gaps and biases in available evidence that can direct future research (Table 38).
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.

Key Messages

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

Effect of Preventive Pharmacological Treatments on Patient-centered
and Intermediate Outcomes Compared to Placebo or No Active
Treatment
e All approved drugs, off-label beta blockers, and ACE inhibitors were better than placebo
in reducing monthly migraine frequency by >50 percent (clinical response).
e Relative effect of drugs was moderate: drugs resulted in clinical response in 200 to 400
patients per 1,000 treated.
e Only one off-label drug, captopril, resulted in clinical response in more than 500 patients
per 1,000 treated.
e Strength of evidence was high for topiramate, moderate for timolol and metoprolol, and
low for other drugs due to risk of bias and imprecise estimates.
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e Low strength of evidence from individual RCTs suggested a dose-responsive increase in
migraine prevention with higher doses of botulinum toxin, topiramate (from 50-100 mg
with no additional benefits with 200 mg/day), pindolol, nadolol, bisoprolol, and
venlafaxine.

Effect of Preventive Pharmacological Treatments on Patient-centered
and Intermediate Outcomes Compared to Active Pharmacological
Treatments
e Individual RCTs provided low strength of evidence about the comparative effectiveness
of drugs and demonstrated few significant differences.
e Strength of evidence was low for all direct comparisons.
¢ Network Bayesian meta-analysis of 84 RCTs with 41 different drugs from 13 drug
classes demonstrated that ACE inhibitors, angiotensin Il receptor antagonists,
propranolol, and off-label beta blockers are more effective than all other drugs.

Effect of Preventive Pharmacological Treatments on Patient-centered
and Intermediate Outcomes Compared to Active Nonpharmacological
Treatments

e Individual RCTs provided low strength of evidence that reduction of >50 percent in

monthly migraine attacks did not differ with propranolol versus biofeedback or
amitriptyline versus spinal manipulation.

Influence of Approaches to Drug Management (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.

e Cognitive-behavioral minimal contact program improved patient satisfaction with
treatments.

e Headache school decreased overuse of acute drugs and reduced migraine disability.

e Pharmaceutical care improved mental health and self-efficacy.

¢ 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 Bothersome adverse effects leading to treatment discontinuation were examined in 52
RCTs with 28 different drugs from eight drug classes.

e Moderate strength of evidence suggested that topiramate and botulinum toxin resulted in
bothersome adverse effects leading to treatment discontinuation more often than placebo.

e The association was dose responsive for topiramate.
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Among other drugs, acetazolamide and lamotrigine resulted in bothersome adverse
effects leading to treatment discontinuation more often than placebo.

Limited low strength evidence from individual head-to-head RCTs suggested that
propranolol was safer than nifedipine and metoprolol was safer than clomipramine.
Bayesian network meta-analysis suggested that topiramate, divalproex, off-label
antiepileptic, antidepressants, and ergot alkaloids increased the rates of bothersome
adverse effects leading to treatment discontinuation.

Divalproex and off label antiepileptic resulted in bothersome adverse effects leading to
treatment discontinuation more often than beta blockers.

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.

Botulinum toxin was better than placebo in reducing monthly migraine attacks by >50
percent irrespective of placebo response, but magnitude of the effect was slightly larger
in placebo nonresponders. Botulinum toxin was more effective in patients with a higher
mean baseline migraine frequency.

Amitriptyline was better than placebo in reducing monthly migraine only in patients with
>17 migraine attacks per month and in depressed patients with severe migraine at
baseline.
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Table 38. Future research needs

Key Question

Findings

Types of studies needed to answer
guestion

Future research recommendation

KQ1. What are the
efficacy and comparative
effectiveness of
pharmacological
treatments for preventing
migraine attacks in adults?

o All approved drugs, off-label
beta blockers and ACE
inhibitors were better than
placebo in reducing monthly
migraine frequency by 250%
(clinical response)

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

e Network Bayesian meta-
analysis of 84 RCTs with 41
different drugs from 13 drug
classes demonstrated that
ACE inhibitors, angiotensin Il
receptor antagonists,
propranolol, and off label beta
blockers are more effective
than all other drugs.

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.

e Prospective pharmacovigilance
surveys.

Design low risk of bias RCTs following
recommendations from the HIS 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 acting drugs and beta
blockers with approved antiepileptics.

Examine treatment effects in patient subpopulations
by age, gender, 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
pharmacological and self-administrated migraine
management interventions.

KQ2. What are the
comparative harms from
pharmacological
treatments for preventing
migraine attacks in adults?

e Moderate strength of evidence
suggested that topiramate and
botulinum toxin resulted in
bothersome adverse effects
leading to treatment
discontinuation more often
than placebo.

e Among other drugs,
acetazolamide and lamotrigine
resulted in bothersome
adverse effects leading to

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.

e 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
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Table 38. Future research needs (continue)

Key Question

Findings

Types of studies needed to answer
qguestion

Future research recommendation

treatment discontinuation more
often than placebo.

Limited low strength evidence
from individual head-to-head
RCTs suggested that
propranolol was safer than
nifedipine and metoprolol was
safer than clomipramine
Bayesian network meta-
analysis suggested that
topiramate, divalproex, off
label antiepileptic,
antidepressants, and ergot
alkaloids increased the rates of
bothersome adverse effects
leading to treatment
discontinuation.

Divalproex and off label
antiepileptic resulted in
bothersome adverse effects
leading to treatment
discontinuation more often
than beta blockers.

and safe angiotensin acting 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.

KQ3. 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.

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
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Table 38. Future research needs (continue)

Key Question Findings

Types of studies needed to answer
qguestion

Future research recommendation

frequency.

e 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.
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Part B. Preventive Pharmacological Treatments for
Migraine in Children

Structured Abstract

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

Data Sources: We searched major electronic bibliographic databases, including Medline and
Cochrane Central Register of Controlled Trials, and trial registries up to March 29, 2012.

Review Methods: We performed a systematic review of randomized trials published in English
that examined episodic or chronic migraine and rates of complete cessation of or reduction of
monthly migraine frequency by >50 percent, reduction in migraine-related disability, and
improvement in quality of life with off-label drugs (no preventive drugs were approved in
children). Studies that compared drugs with nonpharmacological interventions and drug
management interventions were also eligible. We calculated absolute risk differences and pooled
them with random-effects models, and calculated numbers of outcome events attributable-to-
treatment effects per 1,000 treated.

Results: Episodic migraine prevention in children was examined in 22 publications of 21 RCTs
that enrolled 1,853 children and in 40 nonrandomized studies. Individual RCTs offered low
strength of evidence due to risk of bias and imprecision. Propranolol resulted in complete
cessation of migraine attacks in 713 per 1,000 children treated (95 percent Cl, 452 to 974) (one
RCT). Trazodone (one RCT) and nimodipine (one RCT) decreased migraine days more
effectively than placebo. Topiramate (moderate strength of evidence from two RCTS),
divalproex (two RCTs), and clonidine (one RCT) were no more effective than placebo in
preventing migraine. Sodium valproate versus propranolol (two RCTSs) or topiramate (one RCT)
demonstrated no significant differences in migraine prevention or migraine-related disability.
Metoprolol tended to be less effective than stress management in preventing migraine or
reducing migraine severity (one RCT). Propranolol was less effective than self-hypnosis on
absolute number of migraine attacks (one RCT). Multidisciplinary drug management was more
effective than usual care in preventing migraine in children and adolescents (one RCT), but the
effect did not sustain at 6 months of followup. Topiramate (pooled four RCTs) and divalproex
sodium (two RCTs) resulted in treatment discontinuation due to adverse effects more often than
placebo. Treatment discontinuation due to adverse effects did not differ between trazodone (one
RCT), propranolol (one RCT), clonidine (one RCT), and placebo. No RCTs examined
prevention of chronic migraine in children.

Conclusions: Limited low strength evidence suggested that propranolol was more effective than
placebo for preventing migraine in children, with no bothersome adverse effects that could lead
to treatment discontinuation. Long-term preventive benefits are unknown both for drugs and
nonpharmacological interventions. No studies examined quality of life or provided evidence for
individualized treatment decisions. Future research is needed for identifying effective and safe
treatments to prevent episodic and chronic migraine in children.
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Executive Summary

Introduction

This review of migraine prevention is presented in two parallel reports, one focusing on
children and one on adults. Here we address migraine prevention in children 6 to 18 years old.

According to the International Classification of Headache Disorders (ICHDII), migraine is a
common disabling primary headache disorder manifesting in attacks lasting 4 to 72 hours.* 2
Migraine headaches range from moderate to very severe® and are sometimes debilitating.” In the
United States, migraine affects 5 percent of boys® ® and 7.7 percent of girls.” 8 Childhood
migraine is more prevalent in lower income families.” Among adolescents, migraine is more
prevalent in whites than African Americans.’

Migraine frequency is classified as either episodic or chronic? according to the number of
monthly headache days, with episodic being <15 days, and chronic being >15 days. Sometimes
migraine may be described as chronic simply because the attacks recur over long periods of time.
Chronic migraine affects 2 percent of children and adolescents.®

All migraine types significantly affect children’s physical, psychological, and social well-
being, and can impose serious lifestyle restrictions.’ Indeed, the majority of adolescents with
chronic migraine have some related disability.? Yet, according to the Chronic Daily Headache in
Adolescents Study (C-dAS), fewer than half of adolescents with chronic migraine had visited a
healthcare provider, and fewer than one in five had taken medications to prevent headaches
during the previous month.? Approximately 31 percent of children with migraine had missed at
least 1 day of school in the previous 3 months because of the condition,*® which overall has been
shown to impair learning and school productivity by >50 percent.™

Many children with frequent or severe attacks need treatment, which falls into two categories:
(1) treatment for acute attacks, and (2) migraine prevention. Our review focuses on preventive
treatments for childhood migraine.* ** The Food and Drug Administration has approved no drugs
for migraine prevention in children; therefore, pediatricians prescribe either drugs approved for
adults or off-label drugs (approved for clinical conditions other than migraine prevention).™
These drug classes cause common and serious adverse effects, including metabolic and hormonal
abnormalities.”>* Migraine preventive drug choices are based on efficacy and safety of approved
and off-label drugs.?*’

Preventive treatment aims to eliminate headache pain.?® 2?8 Often, however, some degree of
pain persists; therefore, treatment success is usually defined by a decrease in migraine frequency
of >50 percent after 3 months.? In addition to pain relief, preventive drugs can also decrease
severity of migraine attacks and reduce restrictions in daily activities and schooling.?® *

Our review focuses on the comparative effectiveness and safety of drugs for preventing
migraine attacks in children in ambulatory care settings; our results may help inform treatment
recommendations.

After discussions with key informants and the Technical Expert Panel,** we formulated a list
of eligible pharmacological classes. We specifically opted not to synthesize studies of flunarizine
because the FDA has not approved it. 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 (EPC) Program®* * and the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for systematic reviews
(registration number CRD42011001858).%*
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Key Questions

Key Question 1

What are the efficacy and comparative effectiveness of pharmacological treatments for

preventing migraine attacks in children?

f. How do preventive pharmacological treatments affect patient-centered and intermediate
outcomes when compared to placebo or no active treatment?

g. How do preventive pharmacological treatments affect patient-centered and intermediate
outcomes when compared to active pharmacological treatments?

h. How do preventive pharmacological treatments affect patient-centered and intermediate
outcomes when compared to active nonpharmacological treatments?

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

j.  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?

Key Question 2

What are the comparative harms from pharmacological treatments for preventing migraine
attacks in children?

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

e. What are the harms from preventive pharmacologic treatments when compared to active
pharmacological treatments?

f.  How might approaches to drug management (such as patient care teams, integrated care,
coordinated care, patient education, drug surveillance, or interactive drug monitoring)
improve safety of the treatments?

Key Question 3

Which characteristics of children predict the effectiveness and safety of pharmacological
treatments for preventing migraine attacks?

Methods

Search Strategy

We used the standard methods developed by the AHRQ EPC program.®* * We searched
several bibliographic databases, including MEDLINE® (via Ovid and PubMed®), the Cochrane
Library, SCIRUS, the FDA Web site, clinical trial registries, and reference lists of published
reviews to find ongoing, completed, and published trials of migraine prevention in children.
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Eligibility

Three investigators independently determined study eligibility.*> *® We defined the target
population as community-dwelling children with episodic migraine, chronic daily headache, or
chronic migraine defined according to criteria set by the International Headache Society.”* We
formulated a list of eligible interventions after discussions with key informants and technical
experts, and after consideration of public comments. To assess benefits, we included randomized
controlled trials (RCTs) published in English up to March 29, 2012. We defined eligible
intermediate and patient-centered outcomes as listed in the analytical framework (Figure 1 in the
full report). We reviewed original clinical studies that included children with migraine, comorbid
headache disorders, or tension headache as long as migraine prevention was examined. To assess
harms of treatments we included published and unpublished evidence of the adverse effects of
drugs in children with migraine.® 3" We defined harms as the totality of all possible adverse
consequences of an intervention.®” We analyzed harms regardless of how authors perceived the
causality of treatments.

We excluded studies of treatments aimed at acute migraine attacks, studies that involved
patients with migraine variants (such as basilar migraine, childhood periodic syndromes, retinal
migraine, complicated migraines, and ophthalmoplegic migraine), and patients who were
hospitalized or in emergency rooms.” * *° We also excluded hemiplegic migraine, a
pathophysiologically distinct disorder with its own classification.** We excluded studies that
included some pediatric patients with migraine without separately reporting those outcomes,
studies that involved surgical treatments for migraine; preclinical pharmacokinetic studies of
eligible drugs, studies that examined the pathophysiology of migraine and reported instrumental
measurements or biochemical outcomes, studies that did not test the associative hypotheses and
did not provide adequate information on tested hypotheses (e.g., least square means, relative
risk), and studies that examined eligible drugs on populations with other diseases. Studies
evaluating the efficacy of nonpharmacological treatments or economic outcomes were beyond
the scope of this review.

Risk of Bias Assessment

We evaluated the risk of bias in individual studies according to study design*® using criteria
from the Cochrane tool for bias in interventional studies:*

1. Random allocation of the subjects to treatment groups.

2. Masking of the treatment status.

3. Adequacy of allocation concealment.

4. Adequacy of randomization according to baseline similarity of the subjects in
treatment groups by demographics, migraine frequency and severity, and response to
previous treatments.

5. Intention-to-treat principles.

6. Selective outcome reporting when compared to the posted protocols (when trials were
registered) or methods section in the articles.

We assumed a low risk of bias when RCTs met all the risk of bias criteria, a moderate 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. Masking of treatment status was not feasible for RCTs that
examined nondrug therapies as comparators. We evaluated risk of bias in such RCTs using the
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four other criteria described above. We appraised risk of bias in nonrandomized studies
according to selection, attrition, and detection biases.*

Since all outcomes in the review are self-reported, masking of outcome assessment was not
essential in evaluating risk of bias, but masking of treatment was. 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.

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 and assessed treatment discontinuation due to
harms.*? When evidence was available, we also included dose-response association, strength of
association, and reporting bias. We evaluated the strength of the association, defining a priori a
large effect when relative risk is >2 and a very large effect when relative risk is >5.% We defined
low magnitude of effect when the relative risk was significant but <2. We defined treatment
effect estimates as precise when pooled estimates had reasonably narrow 95 percent Cls, and
pooled sample had >400 events.*® 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 the biases.*

We defined high level of evidence on the basis of consistent findings from well-designed
RCTs. We downgraded strength of evidence to moderate if at least one of the four criteria for
strength of evidence (risk of bias, directness, consistency, and precision) was not met. We
downgraded strength of evidence to low if two or more criteria were not met. We defined
evidence as insufficient when a single study with high risk of bias examined treatment effects or
associations.

Assessing Applicability

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

Data Extraction

Researchers used standardized forms to extract data (available at
https://netfiles.umn.edu/xythoswfs/webui/ xy-21041370 1-t yA|BY2Cn). We conducted a
double independent quality control for the data extracted from RCTs; one reviewer abstracted an
article 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. 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. Means and standard deviations of
continuous variables were abstracted to calculate mean differences with a 95 percent confidence
interval (CI).
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For RCTs in the quantitative analysis set we abstracted the number randomized to each
treatment group as the denominator to calculate estimates by applying intention-to-treat
principles. We abstracted the time when the outcomes were assessed as weeks from
randomization and time of followup after treatments.

We abstracted inclusion and exclusion criteria, drug regimen and doses, and patient
characteristics that can modify treatment effects, including demographics, migraine definition,
baseline frequency, severity, and prior treatment status. We abstracted sponsorship of the studies
and conflict of interest by the authors.

Data Synthesis

We summarized the results into evidence tables. We focused on patient-centered outcomes,
such as reduction in migraine attack rate by >50 percent from baseline, quality of life, patient
satisfaction, and composite outcomes that included migraine frequency and severity. 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.*® *’

Using Meta-Analyst*® and STATA®* software at a 95 percent Cl, 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.

Pooling criteria for Key Questions 1 and 2 included the same active drug treatments and
comparators and the same definitions of the outcomes. Standardized mean differences were
calculated for different continuous measures of the same outcome. We did not pool RCTs with
nonrandomized studies or studies of different pharmacological drug classes with each other.

We tested consistency in the results by comparing the direction and strength of the
association*? and assessed heterogeneity in results with Chi-square and I-square tests.>® ** Using
the random effects model, we incorporated into the pooled analysis any differences between
trials in patient populations, baseline rates of the outcomes, dosage of drugs, and other factors.>

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

We focused on direct comparisons and synthesized evidence from head-to-head comparative
effectiveness studies.

Results

We retrieved 507 references, excluded 349 references, and included 22 references for 21 RCTs
and 40 publications of nonrandomized studies (Figure 2 in the full report). Trials aimed to examine
prevention of episodic migraine and adverse effects but rarely reported statistical power to detect
statistically significant differences in outcomes.

Applicability

The applicability of the enrolled subjects to the target population was good. Most trials were
conducted in Western countries and recruited children and adolescents in clinics. Only two trials
recruited participants from the community. Caucasian girls constituted more than half of all
enrolled subjects. Many enrolled subjects were overweight according to their mean age, with
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average body mass index being 23+1.6. Children had migraines for an average 3.5 years and
suffered from eight migraine attacks per month. Most trials defined migraine according to the
International Headache Society diagnostic criteria. Reporting of other characteristics of children
was poor. More than half the trials did not report family history of migraine, children’s socio-
economic status, baseline comorbidity, prior treatments, overuse of drugs for acute migraine, or
adherence to assigned treatments. The trials lasted an average 20 weeks (ranging 6 to 52 weeks).
Attrition rates averaged 9 percent.

Risk of Bias

We concluded low risk of bias in 50 percent, moderate risk of bias in 25 percent, and unclear
risk of bias in 25 percent of all included trials. Most trials were double blinded; however,
randomization was adequate in just nine trials. Trials lasted an average of 21 weeks after a run-in
period of 5 weeks. We concluded high risk of bias in 40 nonrandomized studies that failed to
address selection bias in analyses that provided crude rates of the outcomes.

Key Question 1. What are the efficacy and comparative effectiveness of
pharmacological treatments for preventing migraine attacks in children?

a. How do preventive pharmacological treatments affect patient-
centered and intermediate outcomes when compared to placebo or
no active treatment?

Nine randomized placebo-controlled RCTs examined efficacy of drugs for migraine
prevention in children.>®®® The trials included 1,077 children ages 9 to 14. Sample size of RCTs
averaged 112.5+109 children, with boys constituting 51 percent. Tables A and B present
information on benefits and treatment discontinuation due to adverse effects from included
RCTs, strength of evidence, and number of attributable to drug administration events per 1,000
treated children. Table C presents our conclusions about effectiveness and safety of episodic
migraine preventive treatments in children. Eligible trials defined clinically important migraine
prevention as a complete cessation of migraine attacks and a reduction in monthly migraine
frequency by >50 or 75 percent.

Off-Label Pharmacological Agents
Antiepileptic Drugs

Topiramate

Topiramate, 100 to 200 mg/day, was no more effective than placebo in reducing monthly
migraine attacks by >50 percent (two RCTs of 298 children, moderate strength of evidence).®
Topiramate increased the likelihood of >75 percent reduction in migraine days more often than
placebo in a single double-blind RCT.% Using this statistically significant risk difference, we
estimated that 181 children (95 percent Cl, 52 to 311) per 1,000 treated experienced a reduction
of at least 75 percent in migraine days due to topiramate, 200 mg/day.®®

2, 65

ES-6



Divalproex

Divalproex sodium, 250 to 1,000 mg/day, was no more effective than placebo in reducing
monthly migraine attacks by >50 percent in one low risk of bias RCT (305 children, low strength
of evidence).” Divalproex sodium in doses of 250, 500, or 1,000 mg/day was no better than
pIaceb(g |6r411 preventing migraine attacks, decreasing migraine days, or decreasing use of acute
drugs.™

Antidepressants

Trazodone was more effective than placebo in reducing frequency and duration of migraine
attacks by 1.6 per month and at reducing duration of migraine attacks by 8.2 hours per attack
(one RCT of 40 children, low strength of evidence).®*

Beta blockers

Propranolol resulted in a complete cessation of migraine attacks more often than placebo
(one RCT of 32 children, low strength of evidence).>® We estimated that 713 children per 1,000
(95 percent Cl, 452 to 974) treated would have no migraine attacks with propranolol.

Antiadrenergic Drugs

Clonidine was no more effective than placebo in preventing migraine, reducing migraine
duration or severity, or reducing use of drugs for acute migraine attacks (one RCT of 57 children,
low strength of evidence).*®

Magnesium Oxide

A single RCT demonstrated no significant differences with magnesium oxide and placebo in
migraine frequency.®® Magnesium oxide reduced severity of migraine attacks relative to the
placebo group.®®

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

Limited evidence from individual RCTs suggested no differences in migraine prevention
with examined drugs, including propranolol, valproate, and topiramate.

Three RCTs examined comparative effectiveness of drugs for migraine prevention in
children.®”®® The trials included 231 children, averaging 9 to 11 years old. The sample size of
RCTs averaged 77+38 children; 60 percent of subjects were boys. The trials had moderate® or
unclear risk of bias.

Two RCTs of 183 children examined comparative effectiveness of sodium valproate versus
propranolol and found no significant differences between the drugs for achieving complete
cessation of headache attacks or reduction by >50 percent from baseline in frequency of migraine
attack (low strength of evidence).®”®® One RCT of 48 children examined comparative
effectiveness of topiramate versus sodium valproate (low strength of evidence) and found no
differences in their effects on migraine frequency, intensity, duration, or Pediatric Migraine
Disability Assessment Score.*®
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c. How do preventive pharmacological treatments affect patient-
centered and intermediate outcomes when compared to active
nonpharmacological treatments?

Limited evidence from individual RCTs suggested that nonpharmacological treatments
including self-administered stress management and relaxation techniques more effectively
prevented migraine in children than beta blockers. Two small RCTs compared drugs with active
nonpharmacological treatments.”® " We concluded unclear risk of bias in both trials because the
authors provided insufficient details about methodology.

One RCT of 43 children examined comparative effectiveness of metoprolol versus stress
management combined with either progressive relaxation training or cephalic vasomotor
feedback and found no significant differences in the percentage of children who improved by
>50 percent in the headache index (low strength of evidence).”® In fact, metoprolol tended to less
effectively prevent migraine or reduce migraine severity than stress management combined with
either progressive relaxation training or cephalic vasomotor feedback.”

Comparative effectiveness of propranolol versus nonpharmacological treatments was
examined in one RCT of 33 children (low strength of evidence) that found more frequent
migraine with the drug than with self-hypnosis.®®

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

No studies compared combined treatments for migraine prevention with drugs alone.

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

Four RCTs published in five articles®®® "' "2 and one pooled analysis of three RCTs"®
examined the dose response effects of preventive antiepileptic drugs in children. All RCTs were
double blind with low risk of bias. Higher doses of topiramate (100 to 200 mg/day) ® ™ or
higher doses of divalproex sodium (500 to 1,000 versus 250 mg/day) resulted in no significantly
better migraine prevention in a single RCT that examined this association.®*

e2. 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?
Multidisciplinary drug management, including cognitive-behavioral training, prevented
migraine in children and adolescents more effectively than usual care combined with an
educational intervention (one RCT of 68 children, low strength of evidence).”* We estimated that
310 children per 1,000 treated with multimodal cognitive-behavioral training would experience
>50 percent reduction in migraine frequency (95 percent CI, 70 to 550). The effect, however, did
not last at 6 months of followup.” Migraine frequency and quality of life did not differ with
internet-based self-management versus an education program.”

ES-8



Key Question 2. What are the comparative harms from pharmacological
treatments for preventing migraine attacks in children?

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

Topiramate and divalproex sodium resulted in treatment discontinuation due to adverse
effects (Table A). Topiramate significantly increased risk of anorexia, weight loss, paresthesia,
and upper respiratory tract infection. Antiepileptic drugs had unfavorable safety in contrast with
antidepressant trazodone, propranolol, or clonidine. Eleven randomized trials® °" 61-66.72.75.76
and one pooled analysis of three RCTs" examined the safety of drugs for migraine prevention in
children. The trials included 1,418 children. Sample size averaged 11894 children, with boys
constituting 45 percent of participants. All RCTs were double blind. Based on all risk of bias
criteria, we concluded that eight RCTs had low risk of bias and three had moderate risk of bias.®*
%76 Forty nonrandomized studies reported harms with migraine preventive drugs in children.

Adverse Effects with Antiepileptic Drugs

Topiramate

Treatment discontinuation due to adverse effects was greater with topiramate than with
placebo in a pooled analysis of four RCTs (low strength of evidence).®? ®* 7 3 \We estimated
that 55 children per 1,000 treated with topiramate would discontinue treatment because of
adverse effects.®> " Nonrandomized studies suggested that 19 percent of children discontinued
topiramate treatments due to bothersome adverse effects.’’

A single RCT reported that 260 children per 1,000 treated with topiramate (95 percent ClI, 30
to 480) would experience adverse effects.®® Our pooled analysis of individual adverse effects
demonstrated significant increase in risk of anorexia, weight loss, paresthesia, and upper
respiratory tract infection with topiramate. We estimated that for every 1,000 children treated
with topiramate, 87 would experience unintended weight loss (95 percent Cl, 24 to 150), and 105
would be diagnosed with upper respiratory tract infection (95 percent Cl, 29 to 182).5% %> 73

Divalproex Sodium

Treatment discontinuation due to adverse effects was greater with 1,000 mg/day but not with
250 mg/day of divalproex sodium in pooled analysis of two RCTs (low level of evidence).®® ©
The analyses demonstrated that 140 children per 1,000 treated with divalproex sodium would
experience adverse effects (95 percent Cl, 30 to 250).%* * Nonrandomized studies suggested that
84 percent of children would experience adverse effects with divalproex’® and 17 percent
discontinued treatment due to bothersome adverse effects.”

Treatment discontinuation did not differ between the antidepressants trazodone (one RCT),*
propranolol (one RCT),” clonidine (one RCT),*® and placebo.

b. What are the harms from preventive pharmacologic treatments when
compared to pharmacological treatments?

Comparative Safety of Topiramate Versus Sodium Valproate

A single RCT found no differences in adverse effects with topiramate and sodium valproate
for 12 weeks in 40 children with migraine.®®
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c. How might approaches to drug management (such as patient care
teams, integrated care, coordinated care, patient education, drug
surveillance, or interactive drug monitoring) improve safety of the
treatments?

We found no studies that examined how drug management can improve safety of migraine
preventive medications in children.

Key Question 3. Which characteristics of children predict the effectiveness
and safety of pharmacological treatments for preventing migraine attacks?

We found no studies that provided evidence for individualized treatment decisions for
migraine prevention in children. No studies examined which characteristics of children might
modify effectiveness or safety with preventive drugs.

Discussion

Limited evidence from individual RCTs suggested that only one drug, the beta blocker
propranolol, prevented migraine more effectively than placebo (Table B).* The antiepileptic
drugs clonidine, trazodone, and magnesium oxide failed to prevent migraine in children.
Moreover, two other antiepileptic drugs, topiramate and divalproex sodium, both resulted in
treatment discontinuation due to adverse effects.

Previously published reviews also reported bothersome adverse effects with antiepileptic
drugs in children with migraine®" ® or epilepsy.®® Off-label use of the antidepressant trazodone
did not prevent migraine in children. We could not conclude the effectiveness of other
antidepressants for preventing migraine in children. Nor could we determine whether adverse
effects of antidepressants are similar when used for children with migraine compared to children
with depression. We do know that antidepressants may increase risk of suicidal behavior in
children and adolescents.®* Use of off-label psychotropic drugs for migraine prevention could be
justified in children with psychiatric comorbidity;® however, trials available for review did not
report the presence of comorbid illnesses in enrolled patients.

In fact, few available trials examined the seriousness or bothersomeness of harms with drugs.
Clinicians considering off-label drugs for children with migraine must therefore base decisions
on strong evidence of effectiveness. Few clinical trials followed the recommendations from the
Task Force on Adverse Events in Migraine Trials of the International Headache Society® when
examining the potential harms of these drugs when used in children.

No studies examined specific characteristics of children that may predict the effectiveness or
long-term safety of drugs for migraine prevention. Treatment effects may differ between children
and adolescents, but published trials did not separately report results for age subgroups.

In head-to-head RCTs, nonpharmacological treatments demonstrated better benefit-to-harm
ratios than drugs.®® "*# Individualized multimodal drug management showed promising
results.”* School-based psychological and drug management have both demonstrated positive
results for treating acute headache attacks but have yet to be examined for migraine
prevention.®® 8 RCTs have also yet to examine other drug management interventions, including
integrated care, coordinated care, patient education, drug surveillance, and interactive drug
monitoring.

Strength of evidence of drug benefits and harms was low in most cases due to risk of bias and
imprecise estimates from underpowered RCTs. Reporting quality of trials was poor; few trials
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provided detailed information about prior or concomitant treatments, comorbidities, family
history, socioeconomic status, acute drug overuse, or other important characteristics of the
children studied. On average, the trials lasted 20 weeks and therefore did not provide sufficiently
long-term evidence for the benefits and harms of drugs that could be recommended for
preventive use over very long periods.

Our review has limitations. We did not synthesize the evidence for flunarizine, a drug shown
in RCTs to be effective in preventing migraines in children, because the FDA has not approved
this drug. One low risk of bias RCT suggested that flunarizine resulted in >50 percent reduction
in migraine attacks in 500 children per 1,000 treated (95 percent Cl, 260 to 740).”

Our comprehensive literature search of several databases, trial registries, and the FDA
reviews detected a very low publication rate of registered completed clinical trials involving
children. We assumed publication bias, but did not contact the investigators of completed trials
for unpublished data. We did request additional data from the sponsors of completed trials, and
received few responses. Thus, we know neither the results from unpublished trials, nor how
many unregistered studies have been conducted and never published. We relied on reported
information and did not contact study authors for additional details about trials (such as design,
execution, or poorly reported results we could not reproduce).

Key Messages

Propranolol was more effective than placebo for preventing migraine in children, with no
bothersome adverse effects that could lead to treatment discontinuation.

Antiepileptics were no more effective than placebo in preventing migraine but resulted in
increased risk of treatment discontinuation due to adverse effects.

Internet-based self-management with multimodal CBT was better than education in
preventing migraine in children and adolescents at 6 weeks but not 6 months of followup.

Reporting quality of studies involving children is poor.

Our report offers insights for future research. Future randomized trials should examine
comparative effectiveness of multimodal drug and disease management, long-term benefits,
safety, and adherence with preventive treatments, and the role of children’s characteristics that
could modify benefits and harms with preventive drugs. Randomized trials examined few
pharmacological agents, while practicing clinicians use many off-label drugs to treat children.
Large observational studies, including the American Migraine Prevalence and Prevention study,
relied on self-reported use of preventive medications, and did not assess exact drug use or
effectiveness.” The few available studies of off-label drug use in children show that 5 percent of
all prescribed antiepileptic drugs were prescribed for migraine.”® The National Ambulatory
Medical Care Surveys (NAMCS) from 2001 to 2004 demonstrated that 62 percent of outpatient
pediatric visits included off-label prescribing; 86 percent of those prescriptions were for pain.**
European studies demonstrated that about 30 percent of hospitalized children® and 40 percent of
children in outpatient settings received off-label drug prescriptions.®® European observational
studies found a significantly higher risk of adverse effects with off-label drugs and concluded
improper balance of benefits and risks with off-label drugs in pediatric patients.* %

Little is known about the use of off-label drug utilization for migraine prevention in children
or about the comparative effectiveness of the drug classes used. As a first step, these issues
should be examined by analyzing administrative databases. Such analyses of Medicaid data
could, for example, shed light on practice patterns in migraine prevention and provide insight
into the comparative effectiveness of preventive drugs for reducing visits to emergency rooms.

ES-11



Based on these analyses, RCTs could then be designed to examine the drugs for which benefits
and harms ratios were most favorable.
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Table A. Effects of preventive pharmacological treatments on reduction in monthly migraine attacks

RCTs Rate Rate Relative Absolute risk l;]lgg:jbeedr Aét\:ggtj;%tgre Strength
Outcome Active Control Children active, control, risk difference of
Reference % o o o to treat 1000 treated .
() ( (95%Cl) (95%Cl) (95%Cl) (95%Cl) evidence
Complete Propranolol Placebo 1> 28 84.6 13.0 6.3 0.71 1(1to2) 713 Low
cessation (1.7 to 23.5) (0.45t0 0.97) (452 to 974)
of Clonidine Placebo 1% 57 10.7 24.1 0.4 -0.13 Low
headache (0.1to1.5) (-0.33t0 0.06)
attacks Sodium Propranolol 26788 183 17.1 15.4 1.2 0.02 Low
valproate (0.6t02.2) (-0.091t00.12)
Reduction  Topiramate  Placebo 2028 298 58.2 457 1.3 0.15 Moderate
by 50% in (0.9t01.8) (-0.06 to 0.37)
migraine Divalproex  Placebo 1% 305 49.0 45.0 1.1 0.04 Low
attack sodium (0.8t01.5) (-0.12t0 0.20)
frequency  Propranolol  Placebo 1°° 28 7.7 0.0 3.4 0.08 Low
(0.2t0 77.6) (-0.11to0 0.26)
Clonidine Placebo 1°° 57 32.1 27.6 1.2 0.05 Low
(0.5t02.6) (-0.19t0 0.28)
Sodium Propranolol 2% 183 69.5 74.3 0.9 -0.07 Low
valproate (0.7t01.2) (-0.30t0 0.15)
Metoprolol ~ Progressive 17 28 38.5 80.0 0.5 -0.42 -2 -415 Low
relaxation (0.2t01.0) (-0.75t0-0.08) (-12to-1) (-7481t0 -82)
training +
stress
management
Metoprolol  Cephalic 17 28 385 53.3 0.7 -0.15 Low
vasomotor (0.3t01.7) (-0.51t00.22)
feedback +
stress
management
Applied Educational 17 41 40.9 26.3 1.6 0.15 Low
relaxation intervention (0.6t03.8) (-0.141t0 0.43)
Multimodal ~ Educational 1" 43 29.2 26.3 1.1 0.03 Low
cognitive- intervention (0.4t02.9) (-0.24t0 0.30)
behavioral
training
(CBT)
Multimodal  Applied 17 46 29.2 40.9 0.7 -0.12 Low
cognitive- relaxation (0.3t01.6) (-0.391t0 0.16)
behavioral

training (CBT)
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Table A. Effects of preventive pharmacological treatments on reduction in monthly migraine attacks (continued)

Number

Attributable

Rate Rate Relative Absolute risk Strength
Outcome Active Control RCTs Children active, control, risk difference needed events per of
Reference % % (95%Cl) (95%Cl) to treat 1000 treated evidence
(95% CI) (95% CI)
Reduction  Clonidine Placebo 1>° 57 50.0 34.5 1.5 0.16 Low
for need for (0.8t02.7) (-0.10to0 0.41)
temporary
drug
therapy for
single
attacks
Improvement Topiramate  Sodium 1% 48 NA NA -0.9 0.00 Low
in Pediatric valproate (-5.6t03.8) (0.00to 0.00)

Migraine
Disability
Assessment
Score

ES-14



Table B. Treatment discontinuation due to adverse effects with migraine preventive drugs versus placebo in children

. . . . Absolute risk Number Attributable
Drug RCTs Children Rate with Rate with Relative risk difference needed to events per Stre_ngth of
Reference drug, % placebo, % (95%Cl) (95%Cl) treat 1000 treated evidence
(95%Cl) (95%Cl)

Divalproex 2004 296 9.3 1.4 6.8 (1.6t0 29.5) 0.08 (0.03 to 0.13) 13 (8 to 34) 80 (29 to 130) Low
sodium,
1000 mg
Divalproex 2% 312 2.4 1.4 1.8(0.3t09.5) 0.01 (-0.02 to 0.04) Low
sodium, 250
mg
Divalproex 2% 755 4.6 1.4 2.9(1.0t08.3) 0.02 (-0.01 to 0.06) Low
sodium, all
doses
Topiramate, 20%72 136 8.6 3 2.8(0.6to0 13.5) 0.06 (-0.02 to 0.13) Low
100 mg
Topiramate, 20572 272 8.6 3 2.8(0.9t08.6) 0.06 (0.00t0 0.11) 18 (9to 1000) 55 (1to 110) Low
50-100 mg
Clonidine 1°° 57 35 0 3.1(0.1t073.1) 0.04 (-0.06 to 0.13) Insufficient

Bold - significant differences at 95% confidence level
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Table C. Evidence of migraine prevention in children, results from randomized controlled clinical trials

RCTs

Strength of

Outcome Active Control Conclusion -
Reference Evidence
Complete cessation of Propranolol Placebo 1> Propranolol was better than placebo in achieving Low
headache attacks complete cessation of migraine attacks.
Clonidine Placebo 1°° Clonidine was not better than placebo in Low
achieving complete cessation of migraine
attacks.
Sodium valproate  Propranolol 28788 Sodium valproate and propranolol had no Low
significant differences in complete cessation of
headache attacks.
Reduction by 50% in migraine  Topiramate Placebo 20485 Topiramate, 100-200 mg/day, did not increase Moderate
attack frequency rate of reduction in migraine by 50%.
Divalproex Placebo 1% Divalproex sodium, 250-100 mg/day did not Low
sodium increase rate of reduction in migraine by 50%.
Propranolol Placebo 1°° Propranolol did not increase rate of reduction in Low
migraine by 50%.
Clonidine Placebo 1°° Clonidine did not increase rate of reduction in Low
migraine by 50%.
Reduction in frequency of Sodium valproate  Propranolol 207,68 Sodium valproate and propranolol had no Low
migraine attack by 250% from significant differences in reduction of migraine
baseline attack by =50% from baseline with both drugs.
Reduction by 250% in Metoprolol Cephalic vasomotor 17 Metoprolol and cephalic vasomotor feedback + Low
migraine attack frequency feedback +stress stress management had no significant
management differences in reduction of migraine attacks by
250%.
Applied relaxation Educational 17 Applied relaxation and educational intervention Low
intervention had no significant differences in reduction of
migraine attacks by 250%.
Multimodal Educational 1" Multimodal CBT was better than Educational Low
cognitive- intervention intervention at 6 weeks but not 6 month in
behavioral reduction of migraine attacks by 250%.
training (CBT)
Multimodal CBT Applied relaxation 17 Multimodal CBT and applied relaxation had no Low
significant differences in reduction of migraine
attacks by 250%.
Reduction in drug therapy for  Clonidine Placebo 1°° Clonidine did not decrease drug utilization for Low
acute attacks acute migraine attacks.
Improvement in Pediatric Topiramate Sodium valproate 1% Topiramate and sodium valproate had no Low

Migraine Disability
Assessment Score

significant differences in Pediatric Migraine
Disability Assessment Score.
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Glossary

AHRQ Agency for Healthcare Research and Quality

ARD Absolute risk difference

C-dAS Chronic Daily Headache in Adolescents Study

CBT Cognitive behavioral training

Cl Confidence interval

NAMCS National Ambulatory Medical Care Surveys

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCTs Randomized controlled trials
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Introduction

In the United States, migraine affects a significant number of children: 5 percent of boys® ©
and 7.7 percent of girls.” ® Childhood migraine is more prevalent in lower income families.’
Among adolescents, migraine is more prevalent in whites than African Americans.’

According to the International Classification of Headache Disorders (ICHDII), migraine is a
common disabling primary headache disorder manifesting in attacks that last from 4 to 72
hours.? Migraine headaches range from moderate to very severe® and are sometimes
debilitating.* Childhood migraine is more prevalent in lower income families.” Among
adolescents, migraine is more prevalent in whites than African Americans.”

Migraine frequency is divided into episodic and chronic.? Episodic migraine is characterized
by <15 and chronic migraine by >15 headache days per month. Chronic migraine affects 2
percent of children and adolescents.® Migraine significantly affects children’s physical,
psychological, and social well-being and can impose serious lifestyle restrictions.® Indeed, the
majority of adolescents with chronic migraine have migraine-related disability.® Yet, according
to the Chronic Daily Headache in Adolescents Study (C-dAS), fewer than half of adolescents
with chronic migraine had visited a healthcare provider, and fewer than one in five had taken
medications to prevent headaches during the previous month.’

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, including children,
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.®

Prospective epidemiologic studies that followed children with migraine for decades
demonstrated that around 20 percent became migraine-free before the age of 25; boys
significantly more often than girls.> ® However, for more than half of children with migraine,
the attacks continued to middle and older age.”

Childhood migraine, whether chronic or episodic, can have a serious detrimental impact on
daily life. Approximately 31 percent of children with migraine missed at least 1 day of school in
the previous 3 months because of the condition,'® which overall has been shown to impair
learning and school productivity by >50 percent.’® Many children with frequent or severe attacks
need treatment, which falls into two categories: (1) treatment for acute attacks and (2) migraine
prevention. Symptomatic treatment for acute migraine in children includes nonsteroid anti-
inflammatory agents, triptans, or antiepileptics.”” Our review focuses on preventive treatments
for childhood migraine.

Preventive medications are presumed to address the pathophysiology of migraine.**** The
four drugs approved by the U.S. Food and Drug Administration (FDA) for migraine prevention
in adults come from different drug classes and include propranolol, timolol, topiramate, and
divalproex sodium.*®* The FDA has approved no drugs for migraine prevention in children:
therefore, pediatricians prescribe either drugs approved for adults, or off-label drugs (approved
for clinical conditions other than migraine prevention).™ * These drug classes cause common
and serious adverse effects, including metabolic and hormonal abnormalities.*>® Therefore,
migraizrg)e2 7preventive drug choices are based on efficacy and safety of approved and off-label
drugs.©”

Some 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.?* % % Researchers have yet to fully examine long-term migraine



frequency and adverse effects with preventive treatments.® Preventive treatment aims to
eliminate headache pain.?® 2> % Often, however, some degree of pain persists; therefore,
treatment success is usually defined by a decrease in migraine frequency by >50 percent after 3
months.? In addition to pain relief, preventive drugs can also decrease severity of migraine
attacks and reduce restrictions in daily activities and schooling.?® *

Gaps remain in the published literature on preventive treatments for migraines in children.
Published systematic reviews have focused on efficacy of specific drugs rather than comparative
effectiveness of all available pharmacological and nonpharmacological treatments, including
multidisciplinary migraine management programs. Furthermore, syntheses of evidence have
neither consistently assessed risk of bias in individual studies nor evaluated strength of evidence
about benefits and harms with available treatments.

Our review focuses on the comparative effectiveness and safety of drugs for preventing
migraine attacks in children in ambulatory care settings; our results will help inform related
treatment recommendations.

After discussion with key informants and the Technical Experts Panel,** we formulated a list
of eligible pharmacological classes. We specifically opted not to synthesize studies of
flunarizine, because it lacks FDA approval. 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 (EPC) Program*®® * and PRISMA guidelines
(registration number is CRD42011001858)*

Key Questions

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

a. How do preventive pharmacological treatments affect patient-centered and intermediate
outcomes when compared to placebo or no active treatment?

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

c. How do preventive pharmacological treatments affect patient-centered and intermediate
outcomes when compared to active nonpharmacological treatments?

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

Question 2. What are the comparative harms from pharmacological
treatments for preventing migraine attacks in children?
a. What are the harms from preventive pharmacologic treatments when compared to
placebo or no active treatment?

b. What are the harms from preventive pharmacologic treatments when compared to active
pharmacological 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)
improve safety of the treatments?

Question 3. Which characteristics of children predict the effectiveness and
safety of pharmacological treatments for preventing migraine attacks?



Methods
Search Strategy

We searched for published studies in several databases, including MEDLINE® (via Ovid and
PubMed®), the Cochrane Library, and the SCIRUS bibliographic database. We searched the
FDA Web site to find medical and statistical reviews of the 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.
We requested Scientific Information Packets from appropriate manufacturers (shown in
Appendix A) per usual procedures. We searched for the studies published in English up to March
29, 2012. We did not contact the investigators of the primary studies for missing data or
clarifications.

The EPC developed a search strategy based on relevant medical subject heading (MeSH®)
terms, text words, and weighted word-frequency algorithms to identify related articles. Exact
search strategies can be found in Appendix A. Ongoing completed studies are shown in
Appendix B.

Searches for relevant literature involved several steps: (1) evaluating previously published
systematic reviews,'® (2) conducting a comprehensive literature search in the above databases 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.

Eligibility

We followed the AHRQ Methods Guide to select evidence from controlled trials and
observational studies.®® Three investigators independently determined study eligibility according
to recommendations from the Cochrane Handbook for Systematic Reviews of Interventions.*® To
assess treatment benefits, we included randomized controlled trials (RCTs). To assess treatment
harms, we included all available evidence from RCTs and observational studies.® ¥ We defined
harms as a totality of all possible adverse consequences of an intervention.*” We analyzed harms
regardless of how authors perceived causality of treatments.

We defined the target population, eligible preventive treatments, outcomes, time, and setting
following the PICOTS framework (Population, Intervention, Comparator, Outcome, Timing, and
Setting) (Appendix C Analytical framework). We formulated a list of eligible interventions after
discussions with key informants and technical experts, and after consideration of public
comments.

Inclusion Criteria

1. Original epidemiologic studies that aimed to examine preventive pharmacological
treatments for migraine.

2. Publication in English.

3. Target population of community-dwelling children with episodic migraine, chronic
daily headache, or chronic migraine defined according to International Headache
Society criteria for chronic migraine.?

4. Eligible intermediate and patient-centered outcomes as listed in the analytical
framework (Figure 1).

5. Drugs examined in clinical trials.



Figure 1. Analytical framework (developed by following the AHRQ Methods Guide and the methods of
the U.S. Preventive Services Task Force)'*'®
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We reviewed original clinical studies that included children with migraine, comorbid
headache disorders, or tension headache as long as they examined prevention of migraine.
Episodic or chronic migraine as defined by the Headache Classification Committee of the
International Headache Society?® does not include migraine variants or migraine equivalents with
atypical symptomatic pain in regions other than the head.? *® Therefore, we exclude these

studies.

Exclusion Criteria

1. Studies of treatments aimed at acute migraine attacks.

2. Studies that involved patients with migraine variants, such as basilar migraine, childhood
periodic syndromes, retinal migraine, complicated migraines, and ophthalmoplegic
migraine; hospitalized patients; or patients in emergency rooms.? ***° Studies of short-
term prevention of migraine, including menstrual migraines. We also excluded
hemiplegic migraine, a pathophysiologically distinct disorder with its own

classification.*

3. Studies that included some pediatric patients with migraine but did not separately report

those outcomes.

4. Studies that involved surgical treatments for migraine.




5. Preclinical pharmacokinetic studies of eligible drugs; studies that examined the
pathophysiology of migraine reporting instrumental measurements or biochemical
outcomes.

6. Studies that did not test the associative hypotheses and did not provide adequate

information on tested hypotheses (e.g., least square means, relative risk).

Studies that examined eligible drugs on populations with other diseases.

8. Studies evaluating the efficacy of nonpharmacological treatments or economic outcomes
that are beyond the scope of this review.

~

Risk of Bias Assessment

We evaluated the risk of bias in individual studies according to recommendations from the
Cochrane Handbook for Systematic Reviews of Interventions.®® First, we classified the study
design as interventional (an RCT, a nonrandomized controlled clinical trial, or a nonrandomized
uncontrolled clinical trial) or observational (cohort or case-control studies, cross-sectional
studies, or case series).

Then, using the criteria from the Cochrane tool for bias in interventional studies,*® we

evaluated:

Random allocation of the subjects to the treatment groups.

Masking of the treatment status.

Adequacy of allocation concealment.

Adequacy of randomization according to baseline similarity of the subjects in treatment
groups by demographics, migraine frequency and severity, and response to previous
treatments.

Intention-to-treat principles.

Selective outcome reporting when compared to the posted protocols (when trials were
registered) or methods section in the articles.

We assumed a low risk of bias when RCTs met all the risk of bias criteria; a moderate 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. Masking of treatment status was not feasible for RCTs that
examined nondrug therapies as comparators. We evaluated risk of bias in such RCTs using four
other criteria described above. We appraised risk of bias in nonrandomized studies according to
selection, attrition, and detection biases.*!

Since all outcomes in the review are self-reported, masking of outcome assessment was not
essential in evaluating risk of bias, but masking of treatment was. 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.

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, and treatment discontinuation due to harms.** As
part of our strength of evidence assessment we also looked at dose-response association, strength
of association, and reporting bias. We evaluated the strength of the association, defining a priori
a large effect when relative risk is >2 or <0.5 and a very large effect when relative risk is >5 or
<0.2.%® We defined low magnitude of effect when the 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 the biases.**

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 (risk of bias, directness, consistency, and precision) was not met; for
example, the studies had moderate 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 defined
evidence as insufficient when a single study with high risk of bias examined treatment effects or
associations.

Table 1. Criteria to rank strength of evidence

Grade Definition
High High confidence that the evidence reflects the true effect. Further research is very unlikely to
change our confidence in the estimate of effect.
Moderate Moderate confidence that the evidence reflects the true effect. Further research may change our
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 sample by evaluating the selection of children with
migraine in observational studies and clinical trials.”® Studies of community-dwelling children
with 6 months or more followup with drug treatments had high applicability, as did large
observational cohorts based on national registries, population-based effectiveness trials, and
nationally representative administrative and clinical databases.

Data Extraction

Researchers used standardized forms to extract data (available at
https://netfiles.umn.edu/xythoswfs/webui/ xy-21041370 1-t yAjBY2Cn). We conducted a
double independent quality control for the data extracted from RCTSs; one reviewer abstracted an
article and a second reviewer checked the abstracted data for accuracy. We assessed errors by
comparing established ranges for each variable with data charts from the original articles. Any
detected discrepancies were discussed. 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. Means and standard deviations of
continuous variables were abstracted to calculate mean differences with a 95 percent confidence
interval (CI).

For RCTs in the quantitative analysis set, we abstracted the number randomized to each
treatment group as the denominator to calculate estimates by applying intention-to-treat
principles. 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 regime and doses, and patient
characteristics including demographics, migraine definition, baseline frequency, severity, and
prior treatment status as factors that could modify treatment effects. We abstracted sponsorship
of the studies and conflict of interest by the authors.



https://netfiles.umn.edu/xythoswfs/webui/_xy-21041370_1-t_yAjBY2Cn

Data Synthesis

We summarized the results into evidence tables. We focused on patient-centered outcomes,
such as reduction in migraine attacks by >50 percent from baseline, quality of life, patient
satisfaction, and composite outcomes that included migraine frequency and severity. 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 risk of bias.?

We synthesized the evidence according to population characteristics that could modify
treatment effects, including age, sex, and race; duration of migraine; baseline frequency and
severity of acute migraine attacks; presence of aura; previous drug treatments; history of drug
overuse; and other patient characteristics 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.

Using Meta-Analyst*® and STATA®* software at a 95 percent Cl, 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 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 and intention to treat
as recommended calculations for missing data.®® We synthesized sparse data defined as rates less
than 2 percent, and calculated fixed Mantel-Haenszel relative risk and Peto odds ratio.>* When
studies had no events with active, control, or both treatments, we used correction coefficients and
calculated double arcsine transformation for comparing two proportions and odds ratios from
random-effects generalized nonlinear mixed-effect models.*® 104197

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 standardized mean
differences for different continuous measures of the same outcome.

We tested consistency in the results by comparing the direction and strength of the
association*? and assessed heterogeneity in results with Chi-square and I-square tests.”® ** We
explored heterogeneity with meta-regression and sensitivity analysis, reporting the results from
random effects models only.*® Using the random effects model we incorporated 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 focused on direct comparisons and
synthesized evidence from head-to-head comparative effectiveness studies.

The number needed to treat to achieve one event of a patient-centered outcome was calculated
as the reciprocal of statistically significant absolute risk differences (ARD) in rates of outcome
events in the active and control groups.*®** We calculated means and 95 percent Cls for the
number needed to treat as reciprocal of pooled ARD when ARD is significant.>* The number of
avoided or excess events (respectively) per population of 1,000 is the difference between the two
events rates multiplied by 1,000. We calculated Bayesian odds ratios*® %" with 95 percent credible
intervals. All calculations were performed at a 95 percent confidence level.



Results

We retrieved 507 references, excluded 353 references, and included 22 references for 20 RCTs
and 40 publications of nonrandomized studies (Figure 2). We found one FDA review that
evaluated a clinical trial of divalproex sodium in the prophylactic treatment of migraine headache
in adolescents.®* Of 16 completed clinical trials registered in ClinicalTrials.gov, three were
published. Appendix D provides evidence tables with the results from the included studies.
Appendix E presents all excluded studies with exact reasons for exclusion.

Figure 2 Study Flow

Retrieved from bibliographical databases Retrieved from other sources

Medline = 353 Manual search =51
Cochrane library = 101 FDA reviews = 1

SIP=1

=

Total Retrieved = 507 Guidelines = 3
| Reviews = 72
Reviews of adverse drug effects in

children with eligible drugs = 19

Excluded at screening = 104

Y

Excluded after reviewing full texts = 245

Included = 62 -
(22 publications of 21 Not eligible exposure = 112
Not eligible target population = 116
RCTs and 40

Not eligible outcomes = 17

nonrandomized studies) Flunarizine = 2 RCTs (not FDA approved)

Study Overview

Characteristics

The applicability of the enrolled subjects to the target population was good. Most trials were
conducted in Western countries and recruited children and adolescents in clinics. Only two trials
recruited participants from the community. We analyzed baseline characteristics of included
children and concluded that enrolled patients represent epidemiology of migraine in the target
population (Appendix Table D1). Caucasian girls constituted more than half of all enrolled
subjects. Many enrolled subjects were overweight according to the mean age, with the average
body mass index being 23+1.6. Children had migraine for an average 3.5 years, and suffered
from eight migraine attacks per month. Most trials defined migraine according to diagnostic
criteria of the International Headache Society (Appendix Table D2). Reporting other
characteristics of children was poor. More than half the trials failed to report family history of



migraine, children’s socioeconomic status, baseline comorbidity, prior treatments, overuse drugs
for acute migraine, or adherence to assigned treatments.

Based on infrequently reported trial flows, we estimated that investigators had to screen two
to four children to enroll one (Appendix Table D3). The trials lasted in average 20 weeks
(ranging 6 to 52 weeks). Attrition rates averaged around 9 percent.

Risk of Bias

We concluded low risk of bias in 50 percent, moderate risk of bias in 25 percent, and unclear
risk of bias in 25 percent of all included trials (Appendix Table D4). Most trials were double
blind; however, randomization was adequate in just nine trials. Trials lasted an average of 21
weeks after a run-in period of 5 weeks (Appendix Table D1). We concluded high risk of bias in
nonrandomized studies that did not address selection bias in study design and analyses.

Risk of bias was associated with journals of the publication. Some journals published RCTs
with poorly reported trial design and conduct (Appendix Table D5). Most RCTs were published
in the journal Headache; only 60 percent of all published RCTs had low risk of bias.

Risk of bias was associated with funding of the trials (Appendix Table D5). Industry-funded
RCTs had lower risk of bias than trials funded by grants, combined, or other sources. Most well-
designed RCTs failed to report sponsorship of studies.

Trials aimed to examine prevention of episodic migraine and adverse effects but rarely
reported statistical power to detect statistically significant differences in outcomes.

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

a. How do preventive pharmacological treatments affect patient-
centered and intermediate outcomes when compared to placebo or
no active treatment?

Ten randomized placebo-controlled RCTs examined efficacy of drugs for migraine
prevention in children (Appendix Table D6).%>® The trials included 1,125 children ages 9 to14.
Sample size of RCTs averaged 112.5+109 children, with boys constituting 51 percent. Half of
the RCTs did not report ethical approval by institutional review boards or consent of the
participants (Appendix Table D7). RCTs had low risk of bias, with double-blind design and low
risk of bias in eight of 10 trials (Appendix Table D8). Eligible trials defined clinically important
migraine prevention as a complete cessation of migraine attacks and a reduction in monthly
migraine frequency by >50 or 75 percent.

Off Label Pharmacological Agents
Table 2 summarizes the effectiveness of off label pharmacological agents.

Antiepileptic Drugs
Topiramate

Topiramate, 100 to 200 mg/day, was no more effective than placebo in reducing monthly
migraine attacks by >50 percent (two RCTs of 298 children, moderate strength of evidence)
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(Appendix Tables D9-10).%* ® Topiramate increased the likelihood of >75 percent reduction in
migraine days more often than placebo in a single double-blind RCT (Appendix Table D11).%2

Using this statistically significant risk difference, we estimated that 181 children (95 percent
CI, 52 to 311) per 1,000 treated experienced >75 percent reduction in migraine days due to
topiramate, 200 mg/day.®? Absolute reduction in migraine days with topiramate, 50 to 200
mg/day, was not better than with placebo in pooled analysis of two double-blind RCTs
(Appendix Table D12).

Divalproex

Divalproex sodium, 250 to 1000 mg/day, was no more effective than placebo in reducing
monthly migraine by >50 percent in one low risk of bias RCT (305 children, low strength of
evidence) (Appendix Table D13).%®

The efficacy of divalproex sodium was examined in two low risk of bias RCTs of 610
children.®® 1% Divalproex sodium in doses of 250, 500, or 1,000 mg/day was not better than
placebo in preventing migraine attacks, decreasing migraine days, or decreasing acute drug use
(Appendix Tables D14-D16).%% %

Antidepressants

Trazodone was more effective than placebo in reducing frequency and duration of migraine
attacks by 1.6 per month, and at reducing duration of migraine attacks by 8.2 hours per attack
(one RCT of 40 children, low strength of evidence).®* A single small double-blind crossover
RCT examined the efficacy of trazodone versus placebo (Appendix Table D17).®* Trazodone in a
dose 1mg/kg/day significantly decreased frequency of migraine attacks by 1.6 per month and
duration of migraine attacks by 8.2 hours per attack (Appendix Table D17).%!

Beta blockers

Propranolol resulted in a complete cessation of migraine attacks more often than placebo
(one RCT of 28 children, low strength of evidence) (Appendix Table D18).>

Two small RCTs examined the efficacy of propranolol. One small double-blind low risk of
bias RCT demonstrated that children experienced a complete cessation of migraine attacks more
often with propranolol than with placebo (Appendix Table D19).>®> We estimated that 713
children per 1,000 treated would have no migraine attacks with propranolol.”® In a second small
crossover RCT, propranolol failed to show a significant reduction in migraine days compared
with placebo (Appendix Table D20).

Calcium Channel Antagonists

Nimodipine was better than placebo in decreasing migraine days (one RCT of 37 children,
low strength of evidence).

Nimodipine was better than placebo in decreasing migraine days (mean difference 0.9, 95
percent Cl, 0.5 to 1.3) (Appendix Table D21), but not duration of migraine attacks.>®

Antiadrenergic Drugs

Clonidine was no more effective than placebo in preventing migraine, reducing migraine
duration or severity, or reducing use of drugs for acute treatment (one RCT of 57 children, low
strength of evidence) (Appendix Table D22). The efficacy of antiadrenergic drug clonidine was
examined in one small double-blind low risk of bias RCT.>® Clonidine performed no better than
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placebo in achieving complete cessation of migraine or in decreasing migraine days, severity, or
need for acute drug therapy for single attacks (Appendix Table D23).>

Magnesium Oxide

A single RCT demonstrated no significant differences with magnesium oxide and placebo in
migraine frequency.®® Magnesium oxide reduced severity of migraine attacks relative to the
placebo group.®®

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

Limited evidence from individual RCTs suggested no differences in migraine prevention
with examined drugs including propranolol, valproate, and topiramate.

Three RCTs examined comparative effectiveness of drugs for migraine prevention in
children (Appendix Tables D24 and D25).°" The trials included 231 children, averaging 9 to 11
years old. The sample size of RCTs averaged 7738 children; boys constituted 60 percent of
subjects. The trials had moderate® or unclear risk of bias (Appendix Table D26).

Two RCTs of 183 children examined comparative effectiveness of sodium valproate versus
propranolol, and found no significant differences between the drugs for achieving complete
cessation of headache attacks or reduction by >50 percent from baseline in frequency of migraine
attack (low strength of evidence). (Appendix Table D27).%” ® Sodium valproate, 15 to 30
mg/kg/day, was more effective than propranolol, 2 to 3 mg/kg/day, in reducing baseline
headache frequency by >70 percent in a single RCT (Appendix Table D28).% The drugs did not
differ in effects on reduction in migraine severity or response to acute drugs for migraine attacks.

One RCT of 48 children examined comparative effectiveness of topiramate versus sodium
valproate (low strength of evidence). The two drugs did not differ in their effects on migraine
frequency, intensity, duration, or Pediatric Migraine Disability Assessment Score (Appendix
Table D29).%°

c. How do preventive pharmacological treatments affect patient-
centered and intermediate outcomes when compared to active
nonpharmacological treatments?

Limited evidence from individual RCTs suggested better effectiveness of
nonpharmacological treatments than beta blockers for preventing migraine in children. Two
small RCTs compared drugs with active nonpharmacological treatments (Appendix Tables D30
and D31).%® ™ We concluded unclear risk of bias in both trials because the authors provided
insufficient details about methodology (Appendix Table D32).

One RCT of 43 children examined comparative effectiveness of metoprolol versus
nonpharmacological treatments, including stress management combined with either progressive
relaxation training or cephalic vasomotor feedback, and found no significant differences in the
percentage of children who improved by >50 percent in the headache index (low strength of
evidence) (Appendix Table D33). In fact, metoprolol tended to be less effective in preventing
migraine or reducing migraine severity than stress management combined with either
progressive relaxation training or cephalic vasomotor feedback (Appendix Table D34).”° The
differences, however, did not achieve statistical significance.
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Comparative effectiveness of propranolol versus nonpharmacological treatments was
examined in one RCT of 33 children (low strength of evidence) (Appendix Table D35).® The
trial found more frequent migraine with the drug than with self-hypnosis (mean difference of
nine monthly migraine attacks, 95 percent Cl, 4 to 14) (Appendix Table D35).%

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

No studies compared combined pharmacological and nondrug preventive treatments with
mono-drug therapy in children.

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

Four RCTs published in five articles®®®> "2 and one pooled analysis of three RCTs"
examined the dose-response effects of preventive antiepileptic drugs in children (Appendix
Tables D36 and D37). All RCTs were double blind with low risk of bias (Appendix Table D38).

Topiramate

A higher dose of topiramate compared to a lower dose (100 versus 25 mg) demonstrated no
consistent significant difference in migraine prevention (Appendix Table D39).%> "

Two small RCTs examined a higher and lower dose of topiramate (100 versus 25 mg) for
reducing migraine frequency by 50 percent in children. The smaller RCT found no differences in
a response rate,’* while the larger RCT found that more children experienced >50 percent
reduction in migraine attack with the larger dose of the drug.®

Higher doses of topiramate (100 to 200 mg/day) resulted in no greater reduction in disability
score or migraine duration (Appendix Table D40).®> ™

Divalproex Sodium

Higher doses of divalproex sodium (500 to 1,000 versus 250 mg/day) resulted in no
significantly better migraine prevention in a single RCT that examined this association
(Appendix Table D41). Higher doses of divalproex sodium resulted in no greater reduction in
migraine days or acute drug use (Appendix Table D42).%% %

e2. 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?

Multidisciplinary drug management including cognitive-behavioral training was more
effective than usual care combined with an educational intervention in preventing migraine in
children and adolescents (one RCT of 68 children, low strength of evidence).”

A single RCT of 68 children and adolescents 10 to 18 years old examined internet-based
multimodal drug management including cognitive-behavioral training (CBT) or applied
relaxation compared to usual care (Appendix Table D43).”

A multimodal CBT focused on stress management (perception of own stress symptoms,
coping with stress), progressive relaxation techniques, cognitive restructuring (identification of
dysfunctional cognitions regarding headache and self-assurance strategies such as being
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proactive and sensitive to one’s own needs), and problem solving. The participants
communicated through email with a multidisciplinary team of trial coordinators.”* The applied
relaxation included progressive relaxation, cue-controlled (triggered by key word or an image)
relaxation, and differential relaxation.”* Multimodal CBT was more effective than education in
reducing migraine frequency by >50 percent (relative risk 4.0, 95 percent Cl 1.0 to 16.0)
(Appendix Table D44).” We estimated that 310 children per 1,000 treated with multimodal CBT
would experience >50 percent reduction in migraine frequency (95 percent Cl, 70 to 550). The
effect, however, did not last at 6 months of followup.™ Migraine frequency (Appendix Table
D45) and quality of life did not differ with internet-based self-management versus an education
program (Appendix Table D46)."

Question 2. What are the comparative harms from pharmacological
treatments for preventing migraine attacks in adults and children?

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

Topiramate and divalproex sodium resulted in treatment discontinuation due to adverse
effects (Table 3). Topiramate significantly increased risk of anorexia, weight loss, paresthesia,
and upper respiratory tract infection.

Ten randomized trials®® >" 616 72.7%.7 and one pooled analysis of three RCTs" examined the
safety of drugs for migraine prevention in children (Appendix Table D47). The trials included
1,418 children. Sample size averaged 118+94 children, with boys constituting 45 percent of
participants. All RCTs were double blind. Based on all risk of bias criteria, we concluded that all
RCTs had low risk of bias except three with moderate risk of bias.®? ® "® Forty nonrandomized
studies reported harms with migraine preventive drugs in children (Appendix Table D48).

Adverse Effects of Antiepileptic Drugs

Topiramate

Treatment discontinuation due to adverse effects was greater with topiramate than placebo
in a pooled analysis of four RCTs (low strength of evidence) (Appendix Tables D49 and
D50).%% % 7273 \We estimated that 55 children per 1,000 treated with topiramate would
discontinue treatment because of adverse effects (Table 4).> 2

Nonrandomized studies suggested that 19 percent of children discontinued topiramate
treatments due to bothersome adverse effects.”’

A single RCT reported that 260 children per 1,000 treated with topiramate (95 percent ClI, 30
to 480) would experience adverse effects (Appendix Table D51).% Our pooled analysis of
individual adverse effects (Appendix Table D52) demonstrated a significant increase in risk of
anorexia, weight loss, paresthesia, and upper respiratory tract infection with topiramate. We
estimated that 87 children per 1,000 treated with topiramate would experience unintended weight
loss (95 percent Cl, 24 to 150) and upper respiratory tract infection would be diagnosed in 105
children per 1,000 (95 percent CI, 29 to 182) (Table 5).6% %73

A single case report described development of the “Alice in Wonderland syndrome, in
which the treated girl described a distortion of the body image and perception of disproportional
body, arms, and head size, with a dose of 75 mg/day, but not on lower doses of topiramate
(Appendix Table D48).**

1110
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Divalproex Sodium

Treatment discontinuation due to adverse effects with divalproex sodium compared to
placebo was greater with 1,000 mg/day but not with 250 mg/day in pooled analysis of two RCTs
(low level of evidence) (Table 4).% %

Treatment discontinuation due to treatment failure did not differ between divalproex sodium
and placebo (Appendix Table D53).%® Pooled analyses of two RCTs demonstrated that 140
children per 1,000 treated with divalproex sodium would experience adverse effects (95 percent
Cl, 30 to 250) (Appendix Table D54).6%

Nonrandomized studies suggested that 84 percent of children would experience adverse
effects ;/gith divalproex,” and 17 percent discontinued treatment due to bothersome adverse
effects.

A single RCT examined risk of individual adverse effects and found no significant
differences with active drug versus placebo (Appendix Table D55).% This double-blind trial had
low risk of bias, but not enough power to detect significant differences in rare adverse events
with the drug versus placebo (sparse data).®®

Antidepressants

A single low risk of bias RCT found that treatment discontinuation did not differ between the
antidepressant trazodone and placebo in 40 children with migraine (Appendix Table D56).%* One
retrospective chart review demonstrated that of 14 patients taking amitriptyline, 36 percent
discontinued it due to side effects at 16 weeks. **

Beta Blockers

A single RCT demonstrated that risk of adverse effects did not differ between propranolol
and placebo (Appendix Table D57).”

Antiadrenergic Drugs

A single RCT demonstrated that risk of treatment discontinuation due to adverse effects did
not differ between the antiadrenergic drug clonidine and placebo (Table 4).%° This double-blind
RCT demonstrated that clonidine significantly increased risk of fatigue (Appendix Table D 58).%
We estimated that 220 children of 1,000 treated would become fatigued (95 percent CI, 30 to
410) with clonidine.>® Other adverse effects, including drowsiness or difficulty in reading, did
not differ between clonidine and placebo.*?

Magnesium Oxide

A single RCT demonstrated no difference between magnesium oxide and placebo for risk of
treatment discontinuation, or for treatment discontinuation due to treatment failure or adverse
effects (Appendix Table D59).%

Botulinum Toxin

One small nonrandomized study demonstrated that 8 percent of adolescents treated with
botox 100U every 3 months experienced blurred vision and ptosis, and burning sensations at all
injection sites'*? (Appendix Table D48).
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b. What are the harms from preventive pharmacologic treatments when
compared to active pharmacological treatments?

Comparative Safety of Topiramate Versus Sodium Valproate

A single RCT found no differences in adverse effects with topiramate and sodium valproate
for 12 weeks in 40 children with migraine (Appendix Table D60).%

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?

We found no studies that examined how drug management can improve safety of migraine
preventive medications in children.

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

We found no studies that examined how specific characteristics of children can predict
effectiveness or safety of migraine preventive medications. No studies examined which
characteristics of children might modify effectiveness or safety with preventive drugs.
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Table 2. Migraine prevention in children

Number

Attributable

RCTs Rate Rate Relative Absolute risk needed events per Strength
Outcome Active Control Children active, control, risk difference of
Reference % % (95%Cl) (95%Cl) (g%f,;eglt) 10((;%;?)“ evidence
0 0
Complete Propranolol Placebo 1°° 28 84.6 13.0 6.3 0.71 1(1to2) 713 Low
cessation (1.7 to 23.5) (0.451t0 0.97) (452 to 974)
of Clonidine Placebo 1% 57 10.7 24.1 0.4 -0.13 Low
headache (0.1t0o 1.5) (-0.33t0 0.06)
attacks Sodium Propranolol 20758 183 17.1 15.4 1.2 0.02 Low
valproate (0.6t02.2) (-0.091t00.12)
Reduction  Topiramate  Placebo 2828 298 58.2 457 1.3 0.15 Moderate
by 50% in (0.9t01.8) (-0.06 to 0.37)
migraine Divalproex  Placebo 1% 305 49.0 45.0 1.1 0.04 Low
attack sodium (0.8to1.5) (-0.12t0 0.20)
frequency  Propranolol  Placebo 1> 28 7.7 0.0 3.4 0.08 Low
(0.2t0 77.6) (-0.11to 0.26)
Clonidine Placebo 1% 57 32.1 27.6 1.2 0.05 Low
(0.5t02.6) (-0.191t00.28)
Sodium Propranolol 257 183 69.5 74.3 0.9 -0.07 Low
valproate (0.7t01.2) (-0.30to 0.15)
Metoprolol Progressive 17 28 385 80.0 0.5 -0.42 -2 -415 Low
relaxation (0.2t01.0) (-0.75t0-0.08) (-12to-1) (-7481t0 -82)
training +
stress
management
Metoprolol  Cephalic 17 28 38.5 53.3 0.7 -0.15 Low
vasomotor (0.3t01.7) (-0.51t00.22)
feedback +
stress
management
Applied Educational 1" 41 40.9 26.3 1.6 0.15 Low
relaxation intervention (0.6t03.8) (-0.14t0 0.43)
Multimodal ~ Educational 1" 43 29.2 26.3 1.1 0.03 Low
cognitive- intervention (0.4t02.9) (-0.24 t0 0.30)
behavioral
training
(CBT)
Multimodal ~ Applied 1" 46 29.2 40.9 0.7 -0.12 Low
cognitive- relaxation (0.3t01.6) (-0.391t00.16)
behavioral

training (CBT)
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Table 2. Migraine prevention in children (continued)

Number Attributable

Rate Rate Relative Absolute risk Strength
Outcome Active Control RCTs Children active, control, risk difference needed events per of
Reference % % o o to treat 1000 treated .
o o (95%Cl) (95%Cl) (95%Cl) (95%Cl) evidence

Reduction  Clonidine Placebo 1 57 50.0 34.5 1.5 0.16 Low
for need for (0.8t02.7) (-0.10t00.41)
temporary
drug
therapy for
single
attacks
Improvement Topiramate  Sodium 1% 48 NA NA -0.9 0.00 Low
in Pediatric valproate (-5.6t03.8) (0.00to 0.00)
Migraine
Disability
Assessment
Score

Bold - significant differences at 95% confidence level
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Table 3. Evidence of treatment discontinuation due to adverse effects with migraine preventive drugs versus placebo in children

RCTs

Strength of

Drug Reference Children Conclusion Evidence
Divalproex sodium, 2048 296 Divalproex sodium 1000 mg resulted in greater treatment discontinuation Low
1000 mg rates vs. placebo
Divalproex sodium, 250 2% 312 Divalproex sodium 250 mg did not result in greater treatment Low
mg discontinuation rates vs. placebo
Divalproex sodium, all 20488 755 Divalproex sodium resulted in greater treatment discontinuation rates vs. Low
doses placebo
Topiramate, 100 mg 20572 136 Topiramate 100 mg did not result in greater treatment discontinuation rates Low
vs. placebo

Topiramate, 50-100 mg 20572 272 Topiramate 50-100 mg, resulted in greater treatment discontinuation rates Low
vs. placebo

Clonidine 1% 57 Clonidine 25-50 ug did not result in greater rates of treatment Insufficient

discontinuation vs. placebo; the data is sparse
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Table 4. Treatment discontinuation due to adverse effects with migraine preventive drugs versus placebo in children

Absolute risk Number Attributable
Dru RCTs Children Rate with Rate with Relative risk difference needed to events per Strength of
9 Reference drug, % placebo, % (95%Cl) (95%Cl) treat 1000 treated evidence
(95%CI) (95%CI)

Divalproex 203.64 296 9.3 1.4 6.8 (1.6t0 29.5) 0.08 (0.03 to 0.13) 13 (8 to 34) 80 (29 to 130) Low
sodium,
1000 mg
Divalproex 28354 312 2.4 1.4 1.8 (0.3t09.5) 0.01 (-0.02 to 0.04) Low
sodium, 250
mg
Divalproex 203,64 755 4.6 1.4 2.9(1.0t08.3) 0.02 (-0.01 to 0.06) Low
sodium, all
doses
Topiramate, 2% 72 136 8.6 3 2.8(0.61t013.5) 0.06 (-0.02 to 0.13) Low
100mg
Topiramate, 2% 72 272 8.6 3 2.8(0.9t08.6) 0.06 (0.00to 0.11) 18 (9to 1000) 55 (1to 110) Low
50-100 mg
Clonidine 1°° 57 35 0 3.1(0.1t073.1) 0.04 (-0.06 to 0.13) Insufficient

Bold - significant differences at 95% confidence level
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Table 5. Adverse effects with antiepileptic drugs for migraine prevention in children

_ _ _ _ Absolute risk Number Attributable
Adverse Drug RCTs Children Rate with Rate with Relative risk difference needed to events per 1000
effect Reference drug, % placebo, % (95%Cl) (95%Cl) treat to harm treated
(95%Cl) (95%Cl)
Any adverse Divalproex 28318 902 66.6 57.8 1.2 (1.0to 1.3) 0.09 (0.03 to 0.16) 11 (6 to 34) 92 (29 to 155)
event sodium
Abdominal Topiramate 257 373 10.4 9.9 1.0(0.6t01.9)  0.00 (-0.06 to 0.06)
pain
Anorexia Topiramate  4%%% 773 509 11.3 5.0 2.0(1.0to0 3.9) 0.06 (0.01to 0.11) 17 (10 to 83) 58 (12 to 105)
Dizziness Topiramate 3% 7273 667 5.6 1.2 1.8 (0.3t010.2)  0.03 (-0.04 to 0.09)
Fatigue Topiramate  4°2% 7273 509 6.9 7.8 0.8(0.5t0 1.6)  -0.01 (-0.06 to 0.04)
Injury Topiramate 30273 373 8.1 8.6 0.9(0.5t01.8)  0.00 (-0.06 to 0.06)
Insomnia Topiramate 272 272 5.7 3.0 1.8(0.5t06.2)  0.02 (-0.03 to 0.06)
Nausea Topiramate 26465 298 6.0 6.0 1.0(0.4t02.6)  0.00 (-0.06 to 0.06)
Nervousness  Topiramate 20572 272 4.3 0.0 3.7(0.8t017.3)  0.04 (0.00 to 0.08)
Paresthesia Topiramate 38273 373 14.5 5.3 2.6 (1.2t0 5.6) 0.09 (0.05 to 0.14) 11 (7 to 22) 92 (45 to 140)
Pharyngitis Topiramate 2048 298 8.8 13.8 0.6 (0.3t01.1) -0.06 (-0.13 to 0.02)
Sinusitis Topiramate 3020573 373 8.1 5.3 1.2 (0.5t02.5)  0.02 (-0.03 to 0.07)
Somnolence Topiramate  4°4%>7273 373 7.7 3.9 1.6 (0.7t03.8)  0.04 (-0.01 to 0.09)
Treatment Topiramate  4%%% 7273 509 18.6 23.4 0.8(0.6t01.1)  -0.04 (-0.11 to 0.03)
discontinuation
Upper Topiramate ~ 3%%73 373 21.7 11.2 1.8 (1.1to0 3.1) 0.11 (0.03to 0.18) 10 (5 to 34) 105 (29 to 182)
respiratory
tract infection
Weight Topiramate ~ 3%%7 373 20.8 12.5 2.0(1.2t03.2) 0.09 (0.02 to 0.15) 11 (7 to 42) 87 (24 to 150)
decrease

Bold - significant differences at 95% confidence level
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Discussion

Migraine prevention in children was examined in 22 publications of 20 RCTs that enrolled
1,920 children. Only one drug, the beta blocker propranolol, prevented migraine more effectively
than placebo (Table 6). Propranolol 60 to 120 mg/day resulted in complete cessation of migraine
attacks in 713 per 1,000 treated children (95 percent Cl, 452 to 974) (low strength of evidence
from a single RCT).* The antiepileptic drugs clonidine, trazodone, and magnesium oxide failed
to prevent migraine in children. Other antiepileptic drugs, including topiramate and divalproex
sodium, not only failed to benefit children with migraine but also resulted in treatment
discontinuation due to adverse effects (Table 4). Topiramate significantly increased risk of
anorexia, weight decrease, paresthesia, and upper respiratory tract infection (Table 5).

No studies examined whether specific characteristics of children modify the effectiveness or
safety with preventive drugs. Treatment effects may differ for children and adolescents.
Published trials did not provide treatment effects among age subgroups.

Clinical decisions about drugs and nonpharmacological treatment for migraine prevention in
children should include a careful estimation of the balance of benefits and harms. Our review
confirmed previously published conclusions about the efficacy of propranolol for migraine
prevention in children.2’ Nonpharmacological treatments demonstrated better benefit to harm
ratios than drugs in head-to-head RCTs.>® ™ #" Individualized multimodal drug management
showed promising results.” School-based psychological and drug management have both
demonstrated positive results in treating acute headache attacks, but have yet to be examined for
migraine prevention.®® 8 RCTs have also not yet examined other drug management
interventions, including integrated care, coordinated care, patient education, drug surveillance,
and interactive drug monitoring.

The off-label antiepileptic drugs clonidine and trazodone failed to demonstrate efficacy for
migraine prevention but resulted in bothersome adverse effects. Previously published reviews
reported bothersome adverse effects with antiepileptic drugs in children with migraine®" % or
epilepsy.® Off-label use of the antidepressant trazodone in children with migraine was not
effective. We could not conclude the effectiveness of other antidepressants for preventing
migraine in children, nor could we determine whether adverse effects of antidepressants are
similar when used for children with migraine compared to children with depression. We do know
that antidepressants may increase risk of suicidal behavior in children and adolescents.®* Use of
off-label psychotropic drugs for migraine prevention could be justified in children with
psychiatric comorbidity;®® however, trials available for review did not report presence of
comorbid illnesses in enrolled patients.

In fact, few available trials examined the seriousness or bothersomeness of harms with drugs.
Clinicians considering off-label drugs for children with migraine must therefore base decisions
on strong effectiveness evidence. Few clinical trials followed the recommendations from the
Task Force on Adverse Events in Migraine Trials of the International Headache Society® when
testing safety of the drugs in children.

Strength of evidence of drug benefits and harms was low in most cases due to risk of bias and
imprecise estimates from underpowered RCTs. Reporting quality of trials was poor with few
trials providing detailed information about prior or concomitant treatments, comorbidities, family
history, socioeconomic status, drug overuse, and other important characteristics of children. On
average, the trials lasted 20 weeks, and therefore did not provide sufficiently long-term evidence
for benefits and harms with drugs that could be recommended for preventive use over very long
time periods.
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Our review has limitations. We did not conclude strength of evidence for flunarizine, which
has been reported to be effective in preventing migraines in children, because this drug has not
approved by the FDA. One low risk of bias Italian RCT suggested that flunarizine resulted in
>50 percent reduction in migraine attacks in 500 children per 1,000 treated (95 percent CI, 260 to
740).>" Our comprehensive literature search in several databases, trial registries, and the FDA
reviews detected a very low publication rate of registered completed clinical trials involving
children. We assume publication bias but did not contact the investigators of completed trials for
unpublished data. We did request additional data from the sponsors of completed trials but
received few responses. Thus, we know neither the results from unpublished trials nor how many
unregistered studies have been conducted and never published. We relied on reported
information and did not contact study authors for additional details about the trials, including
design, execution, or poorly reported results that we could not reproduce.

Key Messages

Propranolol was more effective than placebo for preventing migraine in children, with no
bothersome adverse effects that could lead to treatment discontinuation.

Antiepileptics were no more effective than placebo in preventing migraine but resulted in
increased risk of treatment discontinuation due to adverse effects.

Internet-based self-management with multimodal CBT was better than education in
preventing migraine in children and adolescents at 6 weeks but not at 6 months of
followup.

Reporting quality of studies involving children is poor.

Our report offers insights for future research (Table 7). Future randomized trials should
examine the comparative effectiveness of multimodal drug and disease management, long-term
benefits, safety, and adherence with preventive treatments, and the role of specific characteristics
of children that could modify benefits and harms with preventive drugs.

Randomized trials have examined few pharmacological agents, while practicing clinicians
treat children with many off-label drugs; these should be formally tested. Large observational
studies, including the American Migraine Prevalence and Prevention study, have relied on self-
reported use of preventive medications without assessing exact drug use or effectiveness.” The
few available studies of off-label drug use in children show that 5 percent of all prescribed
antiepileptic drugs were prescribed for migraine.” European studies demonstrated that about 30
percent of children who are hospitalized® and 40 percent of children in outpatient settings
received off-label drug prescriptions.”

European observational studies found significantly higher risk of adverse effects with off-
label drugs, and concluded improper balance of benefits and risks with off-label drugs in
pediatric patients.®® %

Little is known about the use of off-label drugs for migraine prevention in children or about
the comparative effectiveness of the drug classes used. Initial descriptive data could be culled
from administrative databases. For example, analyses of Medicaid may shed light on practice
patterns in migraine prevention and offer insight into the comparative effectiveness of preventive
drugs on reducing visits to emergency rooms. Based on these analyses, RCTs could then be
designed to examine the drugs for which the benefits and harms ratio was most favorable. Future
studies should assess the efficacy and comparative effectiveness of multidisciplinary migraine
drug management interventions based in the community, family, or school.
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Trials should examine treatment effectiveness based on patient-centered outcomes, including:
complete cessation of migraine attack or reduction in monthly migraine attacks by >50 percent,
quality of life, migraine-related disability, and success with schooling. Researchers should use
interaction models to examine how children’s age, sex, race, ethnicity, and puberty affect the
benefits and harms of preventive drugs. Studies should examine subgroups of children identified
by age, sex, race, ethnicity, puberty, socioeconomic status, family history, and comorbid
psychiatric conditions and other diseases. Studies should also examine the effectiveness and
safety of preventive drugs and multidisciplinary interventions in children with chronic migraine,
migraine with versus without aura, and those who failed previous preventive treatments.
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Table 6. Evidence of migraine prevention in children

RCTs

Strength of

Outcome Active Control Conclusion :
Reference evidence
Complete cessation of headache  Propranolol Placebo 1> Propranolol was better than placebo in achieving Low
attacks complete cessation of migraine attacks.
Clonidine Placebo 1%° Clonidine was not better than placebo in achieving Low
complete cessation of migraine attacks.
Sodium valproate  Propranolol 207,08 Sodium valproate and propranolol had no Low
significant differences in complete cessation of
headache attacks.
Reduction by 50% in migraine Topiramate Placebo 20205 Topiramate, 100-200 mg/day, did not increase rate Moderate
attack frequency of reduction in migraine by 50%.
Divalproex Placebo 1% Divalproex sodium, 250-10 Omg/day did not Low
sodium increase rate of reduction in migraine by 50%.
Propranolol Placebo 1% Propranolol did not increase rate of reduction in Low
migraine by 50%.
Clonidine Placebo 1°° Clonidine did not increase rate of reduction in Low
migraine by 50%.
Reduction in frequency of Sodium valproate  Propranolol 208788 Sodium valproate and propranolol had no Low
migraine attack by 250% from significant differences in reduction of migraine
baseline attack by 250% from baseline with both drugs.
Reduction by 50% in migraine Metoprolol Progressive 17 Low
attack frequency relaxation training
+stress
management
Metoprolol Cephalic 17 Metoprolol and cephalic vasomotor feedback + Low
vasomotor stress management had no significant differences
feedback +stress in reduction of migraine attacks by 250%.
management
Applied relaxation  Educational 17 Applied relaxation and educational intervention had Low
intervention no significant differences in reduction of migraine
attacks by 50%.
Multimodal CBT Educational 1" Multimodal cognitive-behavioral training (CBT) was Low
intervention better than Educational intervention at 6 weeks but
not 6 month in reduction of migraine attacks by 50%.
Multimodal CBT Applied relaxation 1" Multimodal CBT and applied relaxation had no Low
significant differences in reduction of migraine
attacks by 50%.
Reduction for need for temporary  Clonidine Placebo 1°° Clonidine did not decrease drug utilization for acute Low
drug therapy for single attacks migraine attacks.
Improvement in Pediatric Topiramate Sodium valproate 1% Topiramate and sodium valproate had no Low

Migraine Disability Assessment
Score

significant differences in Pediatric Migraine
Disability Assessment Score.
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Table 7. Future research needs

Key question

Results of literature review

Types of studies needed to
answer question

Future research recommendation

What are the efficacy
and comparative
effectiveness of
pharmacological
treatments for
preventing migraine
attacks in children?

Only one drug, beta blocker propranolol
prevented migraine more effectively than
placebo in a single RCT.

Multidisciplinary drug management including
cognitive-behavioral training was more
effective than usual care with educational
intervention in preventing migraine in
children and adolescents

Randomized trials; analysis of
administrative databases to
examine practice patterns
of off label drug use and
comparative effectiveness
on health care utilization

Analyze efficacy of drugs that were effective for
migraine prevention in children and adults:
a. Beta blockers including
-Propranolol
-Timolol
- Metoprolol
- Atenolol
- Nadolol
- Pindolol
- Bisoprolol
- Nebivolol
b. ACE inhibitor, Lisinopril
c. Angiotensin Il Antagonists including
-Candesartan
-Telmisartan

Analyze efficacy and comparative effectiveness of
multidisciplinary community, family, or school based
migraine drug management interventions

Analyze administrative databases (Medicaid, health
insurance databases) to examine preventive drug
utilization and effectiveness of preventive drugs on
emergency room utilization.

Trials should examine long-term treatment
effectiveness based on patient centered outcomes
including complete cessation of migraine attack or
reduction in monthly migraine attacks by =250%;
quality of life; migraine related disability; success with
schooling.

What are the
comparative harms
from
pharmacological
treatments for
preventing migraine
attacks in children?

Topiramate and divalproex sodium resulted in
treatment discontinuation due to adverse
effects

Randomized trials; analysis of
administrative databases;
Case-series and case reports
about harms with
preventive drugs.

Creation of the registry with
adverse effects form
preventive drugs in children
with migraine

Analyze long-term safety of drugs with good
benefits/harms profile in adults:
a. Beta blockers
b. ACE inhibitor, Lisinopril
c. Angiotensin Il Antagonists including
-Candesartan
-Telmisartan
Analyze administrative databases (Medicaid, health
insurance databases) to examine preventive drug
utilization and comparative safety of preventive drugs
on diagnosed adverse effects that lead to treatment
discontinuation or additional health care utilization
(emergency room visits, hospitalization)
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Table 7. Future research needs (continued)

Key question

Results of literature review

Types of studies needed to

; Future research recommendation
answer question

Which characteristics
of children predict
the effectiveness
and safety of
pharmacological
treatments for
preventing migraine
attacks?

No studies examined how childrens’
characteristics can improve effectiveness or
safety of migraine preventive medications
in children

Randomized trials; analysis of Examine with interaction models how children age, sex,
administrative databases race, ethnicity, puberty, socioeconomic status, family
history, comorbid psychiatric and other diseases can

modify benefits and harms with preventive drugs.

Examine benefits and harms with preventive drugs in
subgroups by children age, sex, race, ethnicity,
puberty, socioeconomic status, family history,
comorbid psychiatric and other diseases.

Examine effectiveness and safety of preventive drugs
and multidisciplinary interventions in children with
chronic migraine, migraine with vs. without aura, and
those who failed previous preventive treatments.
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