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IMPORTANCE Fremanezumab, a fully humanized monoclonal antibody that targets calcitonin
gene-related peptide, may be effective for treating episodic migraine.

OBJECTIVE To assess the efficacy of fremanezumab compared with placebo for prevention of
episodic migraine with a monthly dosing regimen or a single higher dose.

DESIGN AND SETTING Randomized, double-blind, placebo-controlled, parallel-group trial
conducted at 123 sites in 9 countries from March 23, 2016 (first patient randomized), to April
10, 2017, consisting of a screening visit, 28-day pretreatment period, 12-week treatment
period, and final evaluation at week 12.

PARTICIPANTS Study participants were aged 18 to 70 years with episodic migraine (6-14
headache days, with at least 4 migraine days, during 28-day pretreatment period). Patients
who had previous treatment failure with 2 classes of migraine-preventive medication
were excluded.

INTERVENTIONS Patients were randomized 1:1:1 to receive subcutaneous monthly dosing of
fremanezumab (n = 290; 225 mg at baseline, week 4, and week 8); a single higher dose of
fremanezumab, as intended to support a quarterly dose regimen (n = 291; 675 mg of
fremanezumab at baseline; placebo at weeks 4 and 8); or placebo (n = 294; at baseline,
week 4, and week 8).

MAIN OUTCOMES AND MEASURES The primary end point was mean change in mean number
of monthly migraine days during the 12-week period after the first dose.

RESULTS Among 875 patients who were randomized (mean age, 41.8 [SD, 12.1] years; 742
women [85%]), 791 (90.4%) completed the trial. From baseline to 12 weeks, mean migraine
days per month decreased from 8.9 days to 4.9 days in the fremanezumab monthly dosing
group, from 9.2 days to 5.3 days in the fremanezumab single-higher-dose group, and from 9.1
days to 6.5 days in the placebo group. This resulted in a difference with monthly dosing vs
placebo of –1.5 days (95% CI, –2.01 to –0.93 days; P < .001) and with single higher dosing vs
placebo of –1.3 days (95% CI, –1.79 to –0.72 days; P < .001). The most common adverse
events that led to discontinuation were injection site erythema (n = 3), injection site
induration (n = 2), diarrhea (n = 2), anxiety (n = 2), and depression (n = 2).

CONCLUSIONS AND RELEVANCE Among patients with episodic migraine in whom multiple
medication classes had not previously failed, subcutaneous fremanezumab, compared with
placebo, resulted in a statistically significant 1.3- to 1.5-day reduction in the mean number of
monthly migraine days over a 12-week period. Further research is needed to assess
effectiveness against other preventive medications and in patients in whom multiple
preventive drug classes have failed and to determine long-term safety and efficacy.
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M igraine is a prevalent disease characterized by head-
aches that are often severe and throbbing and ac-
companied by associated symptoms, such as pho-

tophobia, phonophobia, nausea, vomiting, vertigo, cutaneous
allodynia, and cognitive dysfunction.1-5 Migraine is a leading
cause of neurological disability worldwide and has a substan-
tial effect on society.6-8

Episodic migraine, with headache occurring on fewer than
15 days per month, is the most common form of migraine.6 Al-
though in many instances episodic migraine occurs at low fre-
quency, nearly 30% of people with migraine experience head-
aches more than once per week, and about 8% of people with
episodic migraine experience a high frequency of attacks (at
least 10-14 headache days per month) and are at risk of tran-
sition to chronic migraine (at least 15 headache days per
month).6,8,9 Accordingly, US guidelines recommend initiat-
ing preventive treatment in people who have at least 4 head-
ache days per month.8 Among individuals with episodic mi-
graine who should be considered for preventive treatment, less
than 15% use preventive therapies.8,10 There is a need for ef-
fective preventive therapy that targets the pathophysiology of
migraine and is safe and well tolerated.

Calcitonin gene-related peptide is a 37–amino acid neu-
ropeptide involved in central and peripheral pathophysiologi-
cal events in migraine.11,12 Fremanezumab (TEV-48125) is a fully
humanized monoclonal antibody (immunoglobulin G iso-
type 2a) that potently and selectively binds to both isoforms
of the calcitonin gene-related peptide ligand (not the recep-
tor), has a flexible dosing regimen, and is administered by sub-
cutaneous injection.13,14 In a previous placebo-controlled clini-
cal trial of preventive treatment of episodic migraine,
fremanezumab demonstrated efficacy and had a favorable tol-
erability profile, with no serious treatment-related adverse
events.13

The purpose of this phase 3 trial was to evaluate the effi-
cacy, adverse events, and immunogenicity of 2 dosing regi-
mens of fremanezumab for the preventive treatment of epi-
sodic migraine.

Methods
Study Oversight
The protocol was approved by relevant ethics committees and
institutional review boards. Written informed consent was ob-
tained from each patient before any study procedures or as-
sessments were done. This trial was conducted in accordance
with the protocol (available in Supplement 1; statistical analy-
sis plan available in Supplement 2) and with the International
Conference for Harmonisation Guidelines for Good Clinical
Practice, the Declaration of Helsinki,15 and relevant national
and local regulations.

Study Participants
Patients were recruited from 123 investigative sites in 9 coun-
tries (eTable 1 in Supplement 3) between February 2016 (first
patient was screened and signed consent form on February 22,
2016; first patient was randomized on March 23, 2016) and

January 2017. Study participants included women and men
aged 18 to 70 years with a history of migraine based on Inter-
national Classification of Headache Disorders 3 beta version2

(ICHD-3 beta) diagnostic criteria for at least 12 months prior
to screening and with onset prior to age 50 years. Patients were
required to have episodic migraine based on information col-
lected during a 28-day pretreatment baseline period and de-
fined as a headache occurring on 6 to 14 days, with at least 4
days fulfilling ICHD-3 beta criteria for migraine with aura (code
1.2; B and C) or without aura (code 1.1; C and D), probable mi-
graine, or use of triptans or ergot derivatives.

Patients were excluded if they used onabotulinumtoxinA
during the 4 months before screening, used opioids or barbi-
turates on more than 4 days during the pretreatment baseline
period, or had previous failure of 2 or more of the following
medication clusters after at least 3 months of treatment for epi-
sodic or chronic migraine: divalproex sodium and sodium val-
proate; flunarizine and pizotifen; amitriptyline, nortripty-
line, venlafaxine, and duloxetine; and atenolol, nadolol,
metoprolol, propranolol, and timolol. Patients who received
an intervention or used a device (eg, scheduled nerve blocks,
transcranial magnetic stimulation) for migraine during the 2
months prior to screening were excluded. A subset of pa-
tients was allowed to use 1 concomitant preventive migraine
medication if the dosing was stable for at least 2 months prior
to the beginning of the pretreatment period and without any
change in dose during the study. Acute headache medica-
tions were permitted.

Study Design and Procedures
This randomized, double-blind, placebo-controlled, parallel-
group study consisted of a screening visit, 28-day pretreat-
ment period, 12-week treatment period, and a final evalua-
tion at week 12. At the screening visit, patients signed 2 consent
forms, one for the current study for individuals with episodic
migraine and one for a concurrent study for chronic mi-
graine. Based on information from the screening visit and daily
headache information captured during the pretreatment pe-
riod, individuals were randomized into the appropriate study
or were excluded if they did not meet eligibility criteria for
either study.

Key Points
Question Is the monoclonal antibody fremanezumab effective in
preventing episodic migraine?

Findings In this randomized clinical trial that included 875 adults
with episodic migraine in whom multiple medication classes had
not previously failed, fremanezumab compared with placebo
resulted in significantly fewer monthly migraine days with monthly
dosing (–1.5 days) and with a single higher dose at baseline
(–1.3 days) over 12 weeks.

Meaning Fremanezumab as a preventive treatment for episodic
migraine reduced the mean number of monthly migraine days
over a 12-week period compared with placebo. Further research is
needed to assess effectiveness against other preventive
medications and in patients in whom multiple preventive drug
classes have failed and to determine long-term safety and efficacy.
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Patients with episodic migraine were randomized 1:1:1
(stratified by sex, country, and baseline preventive migraine
medication use) to receive (1) fremanezumab monthly,
(2) a single higher dose of fremanezumab intended to sup-
port a quarterly dose regimen, or (3) placebo. Block size was
fixed at 3 within each stratum. Monthly dosing consisted of
225 mg of fremanezumab at baseline (one 225-mg/1.5-mL
injection and 2 placebo 1.5-mL injections) and at weeks 4 and
8 (one 225-mg/1.5-mL injection). Single higher dosing con-
sisted of 675 mg of fremanezumab at baseline (three 225-mg/
1.5-mL injections) and placebo (one 1.5-mL injection) at
weeks 4 and 8. Placebo dosing consisted of placebo injections
at baseline (three 1.5-mL injections) and at weeks 4 and 8
(one 1.5-mL injection). Randomization was performed using
electronic interactive response technology. Patients, investi-
gators, the sponsor, and designated personnel were blinded
to treatment assignments.

Patients were seen at 5 scheduled site visits for protocol-
specified evaluations: screening, baseline (dose 1), week 4 (dose
2), week 8 (dose 3), and at the end of treatment (week 12) or
early withdrawal. Patients who withdrew from the study be-
fore the end of the 12-week evaluation period had final visit
procedures and assessments performed as soon as possible af-
ter withdrawal. Headache data (eg, occurrence, duration, and
severity of headache; occurrence of photophobia, phonopho-
bia, nausea, or vomiting; and any migraine medication use)
were captured daily during the study period via an electronic
headache diary device.

Outcomes
The primary end point was the mean change from baseline
(28-day pretreatment period) in the mean number of monthly
migraine days during the 12-week period after the first injec-
tion. A migraine day was defined as a calendar day with either
at least 2 consecutive hours of a headache meeting criteria for
migraine (with or without aura); probable migraine (only 1 mi-
graine criterion absent); or a day, regardless of duration, when
acute migraine-specific medication (triptans or ergots) was
used to treat a headache.

Secondary efficacy end points included the proportion
of patients achieving at least a 50% reduction in the mean
number of monthly migraine days from baseline to week 12,
the mean change from baseline to week 12 in the monthly
mean number of monthly days with use of any acute head-
ache medications, the mean change from baseline to week 4
in the number of migraine days, the mean change from
baseline to week 12 in mean number of monthly migraine
days in patients not receiving concomitant migraine preven-
tive medication, and the mean change in the Migraine Dis-
ability Assessment (MIDAS) score. The MIDAS questionnaire
assesses headache-related disability based on lost days of
activity over the previous 3 months; possible scores range
from 0 to 270, with 0 to 5 indicating little or no disability; 6
to 10, mild disability; 11 to 20, moderate disability; and 21 or
higher, severe disability.16,17

Minimal clinically important differences for the primary
and secondary outcomes have not been established for
patients with episodic migraine.

Adverse events and tolerability were assessed by evaluat-
ing reported adverse events, vital signs (systolic and diastolic
blood pressure, pulse, temperature, and respiratory rate),
12-lead electrocardiogram, clinical laboratory tests (serum
chemistry, hematology, coagulation, and urinalysis), physical
examinations, and concomitant medication use. Suicidal
ideation and behavior were assessed by the electronic
Columbia-Suicide Severity Rating Scale. Systematic assess-
ment of injection sites included examination for pain, ery-
thema, induration, and ecchymosis immediately and 1 hour
after dosing. Serum antidrug antibodies were assessed from
blood samples using a validated method.

Statistical Analysis
Estimations based on the phase 2b fremanezumab study in pa-
tients with episodic migraine13 predicted that a sample of 675
evaluable patients completing the study (225 per treatment
group) would provide 90% power to detect a 1.6-day (SD, 5.2
days) difference in migraine days between an active group and
a placebo group at α = .05. Therefore, 768 patients were
planned for randomization in this study, with an anticipated
12% dropout rate.

Efficacy analyses were conducted in the full analysis set,
which included all randomized patients (intention-to-treat
population) who received at least 1 dose of study drug and had
at least 10 days of postbaseline efficacy assessments for the
primary end point. Analyses of adverse events were per-
formed in all randomized patients who received at least 1 dose
of study drug.

The primary end point was analyzed using an analysis of
covariance method. Treatment, sex, region (US vs non-US),
and baseline preventive medication use were used as fixed
effects, and baseline number of migraine days and years
since onset of migraine were covariates. Ninety-five percent
confidence intervals were constructed for the least-squares
mean (LSM) differences between each fremanezumab group
and the placebo group. The Wilcoxon rank-sum test was per-
formed as the primary analysis if there was deviation from
normality assumption as assessed by the Shapiro-Wilk test.
The same analyses were used for relevant secondary end
points. A mixed-effects repeated-measures analysis model
was implemented as a sensitivity analysis to estimate the
mean change from baseline in the end points for the overall
3-month treatment period and for each month to support the
primary analysis; it included baseline value, treatment, sex,
region (US vs non-US), baseline preventive migraine medica-
tion use, years since onset of migraines, month and treat-
ment × month interaction as fixed effects, and patient in the
repeated statement as a random effect. An additional post
hoc sensitivity analysis using a mixed-effects model that
included country instead of region as a random effect was
also performed.

For withdrawals or patients with missing e-diary days
and 10 or more days of data for a month, the monthly num-
ber of days of efficacy variables was prorated to 28 days for
that month. A multiple imputation method was also con-
ducted as a sensitivity analysis using the following steps. For
patients with missing days and fewer than 10 days of e-diary
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data for 1 month, the monthly number of days of efficacy
variables was considered missing before the multiple imputa-
tion procedure. Patients in active treatment groups who dis-
continued because of adverse events or lack of efficacy were
assigned to the placebo group. The statistics were based on
10 sets of imputed data from SAS PROC MI, where the mean
is the average of the means from the 10 data sets and the
standard error of the mean is adjusted based on the within-
imputation variance estimates and the between-imputation

variance. The mean number of monthly migraine days during
the 12-week period after the first dose of study drug was a
mean of month 1, 2, and 3 values.

For the proportion of responders defined as having at
least a 50% reduction in mean number of monthly migraine
days, the Cochran-Mantel-Haenszel test was used with
baseline preventive medication as a stratification variable.
In the primary overall analysis, patients who discontinued
early were considered nonresponders.

Figure 1. Flow of Participants in a Randomized Clinical Trial of Fremanezumab vs Placebo for Prevention of Episodic Migraine

2995 Patients assessed for eligibility

875 Randomized

291 Randomized to receive
fremanezumab single higher dose
291 Received intervention

as randomized

294 Randomized to receive  placebo
294 Received placebo as

randomized

120

2120 Excluded
1036 Had chronic migrainea

2 Adverse events (syncope; peptic ulcer)

916 Did not meet eligibility criteriab

46 Lost to follow-up

Other reasons

27 Discontinued intervention

5 Adverse events

8 Withdrew consent
3 Protocol violations

1 History of possible transient 
ischemic attack

9 Lost to follow-up
1 Pregnancy

29 Discontinued intervention

7 Adverse events

5 Withdrew consent
2 Protocol violations

1 History of pseudotumor of
the optic nerve

12 Lost to follow-up
2 Pregnancy

290 Randomized to receive
fremanezumab monthly dosing
289 Received intervention

as randomized
1 Withdrew consent prior to

 receipt of intervention

28 Discontinued intervention

4 Adverse events

13 Withdrew consent
7 Protocol violations

4 Lost to follow-up

287 Included in primary analysisc

3 Excluded
2 Had <10 d of diary data for

primary end point
1 Did not receive intervention

289 Included in safety analysis
1 Excluded (did not receive

intervention)

288 Included in primary analysisc

3 Excluded (had <10 d of diary
data for primary end point)

291 Included in safety analysis

290 Included in primary analysisc

4 Excluded (had <10 d of diary
data for primary end point)

294 Included in safety analysis

a The 1036 patients with chronic migraine were enrolled in a separate clinical
trial of fremanezumab in patients with chronic migraine.

b Ineligible patients included those who met the following exclusion criteria:
onabotulinumtoxinA use within 4 months of screening (n=6); opioid or
barbiturate use >4 d/mo (n=29); �2 medication clusters previously failed
(n=14); intervention or device use within 2 months of screening (n=4);
clinically significant other disease (at discretion of investigator) (n=31);
evidence or history of significant psychiatric issues (n=46); history of
significant cardiovascular disease (n=21); known infection or history of
infectious disease (n=9); cancer (current or past 5 years) (n=4); pregnant or
nursing (n=5); history of hypersensitivity to injected proteins (n=1);
participation in clinical study within 2 months or 5 half-lives (n=3); prior
exposure to monoclonal antibody targeting calcitonin gene-related peptide
pathway (n=2); clinically significant 12-lead electrocardiogram finding (n=13);
clinically significant laboratory abnormality (n=16); hepatic enzymes >1.5 times
upper limit of normal range or Hy’s law (presence of 3 components: aspartate
aminotransferase or alanine aminotransferase �3 times upper limit of normal;
total bilirubin �2 times upper limit of normal; and no other reason to explain
these increases (eg, viral hepatitis A, B, or C; liver disease; or drug capable of

causing injury) (n=24); serum creatinine >1.5 times upper limit of normal,
clinically significant proteinuria, or renal disease (n=11); alcohol or drug abuse
in past 2 years or dependence in past 5 years (n=14); unable to participate or
complete study (n=16); study center or sponsor employee or relative of such
an employee (n=7). Ineligible patients also included those who did not meet
the following inclusion criteria: male or female aged 18-70 years with migraine
onset at �50 years (n=5); provide written informed consent (n=2); history of
migraine for �12 months (n=32); confirmed episodic migraine during
pretreatment period (n=279); not using preventive medications or one with
stable dose for �2 months (n=38); body mass index 17.5-37.5 and total body
weight 45-120 kg (n=37); nonchildbearing potential (n=22); women of
childbearing potential with negative pregnancy test result (n=3); about 85%
electronic headache diary adherence (n=80); in overall good health (n=36);
willing and able to adhere to study restrictions, remain at clinic during study
period, and return to clinic for follow-up evaluation (n=111).

c The primary analysis included all patients who were randomized, received at
least 1 dose of study drug, and had at least 10 days of postbaseline efficacy
assessments for the primary end point.
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To control the type I statistical error rate at .05, a hierar-
chical testing procedure with a preplanned sequence of com-
parisons was applied. Each comparison was interpreted infer-
entially at α = .05 only if the preceding comparison had a
2-sided P ≤ .05. All data are presented in the order of hierar-
chical testing (eTable 2 in Supplement 3).

SAS software version 9.2 (SAS Institute Inc) was used
to generate all data listings, summaries, and statistical
analyses.

Results
Study Participants
A total of 875 patients were enrolled and randomized at 123
sites (number of patients per site: mean, 7.1; median, 6; range,
1-22) to 1 of 3 treatment groups (fremanezumab monthly,
n = 290; fremanezumab single higher dose, n = 291; placebo,
n = 294) (Figure 1). Baseline demographics and clinical char-
acteristics were similar among all treatment groups; patients
with episodic migraine had an overall mean 9.1 (SD, 2.6) mi-
graine days per month and had severe disability based on the
MIDAS score (mean score, 39 points) (Table 1). Twenty-one per-
cent of patients were allowed to continue treatment with 1 con-
comitant preventive medication (Table 1). A total of 791 pa-
tients (262 receiving fremanezumab monthly, 264 receiving
fremanezumab single higher dose, and 265 receiving pla-
cebo) completed the study. A total of 10 (1%) of 875 patients
in the intention-to-treat population had missing data on the
primary end point.

Efficacy
The baseline mean numbers of monthly migraine days were
8.9, 9.2, and 9.1 days in the monthly dosing, single-higher-
dose, and placebo groups, respectively. During the 12-week pe-
riod after the first dose, the mean numbers of migraine days
per month were 4.9 days for the monthly fremanezumab dos-
ing group (LSM change from baseline, –3.7 days) and 5.3 days
for the fremanezumab single-higher-dose group (LSM change
from baseline, –3.4 days) compared with 6.5 days for the pla-
cebo group (LSM change from baseline, –2.2 days). There was
a statistically significant difference with monthly dosing vs pla-
cebo of –1.5 days (95% CI, –2.01 to –0.93 days; P < .001) and with
the single higher dose vs placebo of –1.3 days (95% CI, –1.79 to
–0.72 days; P < .001) (Table 2 and Figure 2A).

The proportion of patients with response rates of at least
a 50% reduction in mean number of monthly migraine days
during the 12-week treatment period were 47.7% for the fre-
manezumab monthly dosing group (difference vs placebo,
19.8%; 95% CI, 12.0%-27.6%; P < .001) and 44.4% for the fre-
manezumab single-higher-dose group (difference vs pla-
cebo, 16.5%; 95% CI, 8.9%-24.1%; P < .001) compared with
27.9% for the placebo group (Table 2 and Figure 2B).

The baseline mean numbers of monthly days with any
acute headache medication use were 7.7, 7.9, and 7.7 days in
the fremanezumab monthly dosing, fremanezumab single-
higher-dose, and placebo groups, respectively. The mean num-
bers of monthly days with any acute headache medication use
during the 12-week treatment period were 4.4 days for the fre-
manezumab monthly dosing group (LSM change from base-
line, –3.0 days; LSM difference from placebo, –1.4 days [95%

Table 1. Baseline Participant Characteristics

Characteristics
Fremanezumab Monthly Dosing
(n = 290)

Fremanezumab Single
Higher Dose (n = 291) Placebo (n = 294)

Age, mean (SD), y 42.9 (12.7) 41.1 (11.4) 41.3 (12.0)

Female, No. (%) 244 (84.1) 251 (86.3) 247 (84.0)

Body mass index, mean (SD)a 26.2 (5.2) 27.0 (5.1) 27.2 (4.9)

Disease history

Time since initial migraine diagnosis, mean (SD), y 20.7 (12.9) 20.0 (12.1) 19.9 (11.9)

Current preventive medication use, No. (%) 62 (21.4) 58 (19.9) 62 (21.1)

Current acute headache medication use, No. (%) 279 (96.2) 281 (96.6) 280 (95.2)

Prior topiramate use, No. (%)b 64 (22.1) 51 (17.5) 53 (18.0)

Disease characteristics during 28-d pretreatment period,
mean (SD)

Migraine daysc 8.9 (2.6) 9.3 (2.7) 9.1 (2.7)

Headache days of at least moderate severityd 6.8 (2.9) 7.2 (3.1) 6.9 (3.1)

Days with use of any acute headache medications 7.7 (3.4) 7.8 (3.7) 7.7 (3.6)

Days with use of migraine-specific acute headache
medications

6.1 (3.1) 6.6 (3.1) 7.1 (3.0)

MIDAS score, mean (SD)e 38.0 (33.2) 41.7 (33.0) 37.3 (27.6)
a Calculated as weight in kilograms divided by height in meters squared.
b One of the US Food and Drug Administration–approved preventive

medications for episodic migraine.
c A migraine day was defined as a calendar day in which a patient reported

either a headache that lasted at least 2 consecutive hours and met criteria for
migraine (with or without aura) or probable migraine (subtype in which only 1
migraine criterion is absent), or a day when a headache of any duration was
treated with migraine-specific medications (triptans or ergots).

d A headache day of at least moderate severity was defined as a calendar day in
which a patient reported either headache pain that lasted at least 4 hours with
a peak of at least moderate severity or a day when an acute migraine-specific
medication (triptans or ergots) was used to treat a headache of any severity
or duration.

e For the Migraine Disability Assessment (MIDAS), the score ranges from 0 to
270, with 0 to 5 indicating little or no disability; 6 to 10, mild disability; 11 to 20,
moderate disability; and 21 or higher, severe disability.
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CI, –1.84 to –0.89 days]; P < .001) and 4.6 days for the single-
higher-dose group (LSM change from baseline, –2.9 days; LSM
difference from placebo, –1.3 days [95% CI, –1.76 to –0.82 days];
P < .001) compared with 5.8 days for the placebo group
(LSM change from baseline, –1.6 days) (Table 2).

During the 4-week period after the first dose, monthly mi-
graine days were 5.3 days for the fremanezumab monthly dos-
ing group (LSM change from baseline, –3.5 days; LSM differ-
ence from placebo, –1.8 days [95% CI, –2.43 to –1.18 days];
P < .001) and 5.7 days for the fremanezumab single-higher-
dose group (LSM change from baseline, –3.3 days; LSM differ-
ence from placebo, –1.6 days [95% CI, –2.22 to –0.97 days];
P < .001) compared with 7.2 days for the placebo group
(LSM change from baseline, –1.7 days).

Among patients not receiving concomitant preventive mi-
graine medications, the baseline mean numbers of monthly
migraine days were 8.9, 9.3, and 9.1 days in the freman-
ezumab monthly dosing, fremanezumab single-higher-dose,
and placebo groups, respectively. Among these patients, the
monthly mean numbers of migraine days were 4.8 days for the
fremanezumab monthly dosing group (LSM change from base-
line, –3.7 days; LSM difference from placebo, –1.3 days
[95% CI, –1.92 to –0.70 days]; P < .001) and 5.3 days for the
fremanezumab single-higher-dose group (LSM change from
baseline, –3.5 days; LSM difference from placebo, –1.1 days
[95% CI, –1.75 to –0.54 days]; P < .001) compared with 6.4 days
for the placebo group (LSM change from baseline,
–2.4 days) (Table 2).

Baseline mean MIDAS scores were 38.0, 41.7, and 37.3
points in the fremanezumab monthly dosing, fremanezumab

single-higher-dose, and placebo groups, respectively. At 4
weeks after administration of the last (third) dose of the study
drug, mean MIDAS scores were 12.6 points for the freman-
ezumab monthly dosing group (LSM change from baseline,
–24.6 points; LSM difference from placebo, –7.0 points
[95% CI, –10.51 to –3.53 points]; P < .001) and 14.6 points for
the single-higher-dose group (LSM change from baseline,
–23.0 points; LSM difference from placebo, –5.4 points
[95% CI, –8.90 to –1.93 points]; P = .002) compared with
19.4 points for the placebo group (LSM change from baseline,
–17.5 points) (Table 2).

Sensitivity and Additional Analyses
Prespecified mixed-effects repeated-measures and multiple
imputation sensitivity analyses of the efficacy end points
yielded results similar to the primary analyses (Table 2 and
eTable 3 in Supplement 3). A post hoc mixed-effects repeated-
measures sensitivity analysis using country as a random ef-
fect of the primary end point yielded results similar to those
of the primary analysis (eTable 4 in Supplement 3). The dis-
tribution of monthly migraine days over the treatment pe-
riod in the full analysis set is shown in the eFigure in
Supplement 3.

Adverse Events and Tolerability
Adverse Events
A total of 192 patients (66%) who received fremanezumab
monthly dosing and 193 patients (66%) who received a single
higher dose of fremanezumab reported at least 1 adverse event,
compared with 171 patients (58%) who received placebo

Figure 2. Effect of Fremanezumab vs Placebo on Migraine Outcomes
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Panel A shows the change in mean number of monthly migraine days from
baseline to week 12, analyzed via mixed-effects repeated measures. Error bars
represent 95% confidence intervals. LSM indicates least-squares mean.
Differences from placebo were significant for both fremanezumab treatment
groups at each time point. For the primary analysis (analysis of covariance) of
mean migraine days per month from baseline to week 12, the difference vs
placebo for the fremanezumab monthly dosing group was –1.5 days (95% CI,
–2.01 to –0.93 days; P<.001) and for the fremanezumab single-higher-dose

group was –1.3 days (95% CI, –1.79 to –0.72 days; P<.001). Panel B shows the
percentage of patients with at least a 50% reduction in mean number of
monthly migraine days during the 12 weeks following the first administration of
the study drug. The overall difference vs placebo for the fremanezumab
monthly dosing group was 19.8% (95% CI, 12.0%-27.6%; P<.001) and for the
fremanezumab single-higher-dose group was 16.5% (95% CI, 8.9%-24.1%;
P<.001).
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(Table 3). Severe adverse events, serious adverse events, and
adverse events leading to discontinuation were infrequent and
had similar incidences (≤2%) across the treatment groups.
Treatment-related adverse events were higher in the freman-
ezumab treatment groups (48% in the monthly group and 47%
in the single-higher-dose group) compared with placebo (37%).
The most common adverse events in patients treated with
fremanezumab were injection site reactions: pain (freman-
ezumab monthly dosing: 87/290 [30.0%]; fremanezumab
single higher dose: 86/291 [29.6%]), induration (freman-
ezumab monthly dosing: 71/290 [24.5%]; fremanezumab single
higher dose: 57/291 [19.6%]), and erythema (fremanezumab
monthly dosing: 52/290 [17.9%]; fremanezumab single higher
dose: 55/291 [18.9%]). The proportion of patients with injec-
tion site pain, induration, and erythema was higher with fre-
manezumab than with placebo (76/293 [25.9%], 45/293
[15.4%], and 41/293 [14.0%], respectively). Injection site hem-
orrhage occurred infrequently and at similar rates among treat-
ment groups (fremanezumab monthly dosing: 3/290 [1.0%];
fremanezumab single higher dose: 9/291 [3.1%]; placebo: 6/293
[2.0%]). One patient who withdrew consent (not study re-

lated) was subsequently reported as deceased by a family mem-
ber. The event occurred 109 days after receiving a single higher
dose of fremanezumab. The patient had withdrawn from the
study 38 days earlier because of a family emergency. Cause of
death per autopsy report was diphenhydramine overdose
(suicide). Assessment by the investigator determined that the
death was unrelated to treatment.

The proportion of patients who discontinued because of
adverse events was similar in each treatment group (2%). The
most common adverse events leading to discontinuation from
the fremanezumab treatment groups included injection site
erythema (n = 3), injection site induration (n = 2), diarrhea
(n = 2), anxiety (n = 2), and depression (n = 2). No other ad-
verse events leading to discontinuation from the study oc-
curred in more than 1 patient.

Tolerability Measurements
No relevant changes in vital signs (blood pressure, pulse, tem-
perature, and respiratory rate), physical examination mea-
surements (including weight), or electrocardiogram findings
were noted in patients in any of the treatment groups. There

Table 3. Adverse Events in the Safety Populationa

Adverse Events

No. (%) of Patients
Fremanezumab Monthly
Dosing (n = 290)

Fremanezumab Single
Higher Dose (n = 291) Placebo (n = 293)

All events

≥1 Adverse event 192 (66.2) 193 (66.3) 171 (58.4)

≥1 Treatment-related adverse event 138 (47.6) 137 (47.1) 109 (37.2)

≥1 Serious adverse event 3 (1.0) 3 (1.0) 7 (2.4)

Any adverse event leading to study
discontinuation

5 (1.7) 5 (1.7) 5 (1.7)

Death 0 1 (0.3) 0

Adverse event typeb

General disorders and administration
site conditions

Injection site pain 87 (30.0) 86 (29.6) 76 (25.9)

Injection site induration 71 (24.5) 57 (19.6) 45 (15.4)

Injection site erythema 52 (17.9) 55 (18.9) 41 (14.0)

Injection site hemorrhage 3 (1.0) 9 (3.1) 6 (2.0)

Fatigue 2 (0.7) 6 (2.1) 4 (1.4)

Infections and infestations

Upper respiratory tract infection 16 (5.5) 11 (3.8) 15 (5.1)

Nasopharyngitis 11 (3.8) 11 (3.8) 9 (3.1)

Urinary tract infection 7 (2.4) 10 (3.4) 4 (1.4)

Bronchitis 6 (2.1) 4 (1.4) 3 (1.0)

Sinusitis 4 (1.4) 2 (0.7) 8 (2.7)

Gastrointestinal disorders

Nausea 4 (1.4) 7 (2.4) 5 (1.7)

Protocol-defined adverse events of special
interest

Hepatic enzyme increasedc 2 (0.7) 1 (0.3) 0

Blood bilirubin increasedd 1 (0.3) 0 1 (0.3)

Ophthalmic events of at least moderate
intensity

0 0 0

Hy’s law eventse 0 0 0

Anaphylaxis 0 0 0

Severe hypersensitivity reactionsf 0 0 1 (0.3)

a Adverse events were collected at
each visit via inquiry and clinical
laboratory tests. The safety
population included all patients who
were randomized and received at
least 1 dose of study drug. If a
patient had multiple types of
adverse events, he/she was counted
once for each type. One patient
randomized to receive placebo
inadvertently received 1 dose of
fremanezumab, 225 mg.

b Adverse events shown include
those reported in more than 2% of
patients in any group.

c Aspartate aminotransferase or
alanine aminotransferase at least 3
times the upper limit of normal.

d Total bilirubin at least 2 times the
upper limit of normal.

e Presence of 3 components:
aspartate aminotransferase or
alanine aminotransferase at least 3
times the upper limit of normal;
total bilirubin at least 2 times the
upper limit of normal; and no other
reason to explain these increases
(eg, viral hepatitis A, B, or C; liver
disease; or drug capable of causing
injury).

f One patient in the placebo group
had a serious adverse event of drug
hypersensitivity that was assessed
as severe; the event was considered
to be a generalized allergic reaction
to ceftriaxone.
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were no clinically significant changes in any laboratory pa-
rameter (serum chemistry, hematology, coagulation, and uri-
nalysis), including liver function tests (Table 3). Four patients
in the fremanezumab monthly dosing group developed anti-
drug antibodies against fremanezumab without any signifi-
cant adverse events (eTable 5 in Supplement 3).

Discussion
Among patients with episodic migraine in whom multiple
medication classes had not previously failed, subcutaneous fre-
manezumab, compared with placebo, significantly reduced the
mean number of migraine days per month over the 12-week
treatment period. In this phase 3 study, both monthly dosing
and a single higher dose of fremanezumab intended to sup-
port a quarterly dosing regimen led to statistically significant
improvements in the primary and secondary end points. A
clinical response to fremanezumab, compared with placebo,
was suggested by the greater proportion of patients who
achieved a 50% or greater reduction in the mean number of
migraine days per month.10

The low percentage of patients in this study who had prior
use of topiramate (19%), one of the US Food and Drug Admin-
istration–approved preventive medications for episodic mi-
graine, highlights the limited use of preventive medications
for episodic migraine.8,10,18 The adverse event profile of fre-
manezumab in this trial is consistent with previous clinical
trials, with no clinically significant pattern of adverse events
or drug-related serious adverse events.13,19 As expected from
prior studies, the most common adverse event reported was
injection site pain, which occurred with greater incidence with
fremanezumab than with placebo. Injection sites were sys-
tematically assessed for pain, erythema, induration, and ec-
chymosis, immediately and 1 hour after dosing, and these care-
ful assessments may explain the higher proportion of reported
injection site adverse events with both fremanezumab and pla-
cebo compared with the previous phase 2 studies.13,19

This study has several strengths, including the inclusion
of a single higher subcutaneous dose. This study also allowed
for inclusion of individuals taking monotherapy or those using
preventive medications after proper stratification. To our
knowledge, this program is the first to use this strategy in the
development of drugs for episodic migraine.13

Limitations
This study has several limitations. First, the study was pow-
ered to detect a 1.6-day difference in the mean number of
monthly migraine days between the fremanezumab and pla-
cebo groups, yet the observed effect sizes were a 1.5-day

reduction for the fremanezumab monthly dosing group and a
1.3-day reduction for the fremanezumab single-higher-
dosing group. However, no minimal clinically important dif-
ference has been established for this outcome measure in epi-
sodic or chronic migraine.

Second, although the trial included patients with a long
history of disease (about 20 years) and those who were cur-
rently taking preventive medications or in whom preventive
medications had previously failed, it did not include treatment-
refractory patients with more than 2 failed preventive drug
clusters or those who had continuous headache. Nonethe-
less, the trial was less restrictive in inclusion criteria than other
trials and allowed patients currently taking other preventive
medication.20-23 In addition, the results of a recently pub-
lished chronic migraine clinical study support use of freman-
ezumab for the subset of patients who are more severely af-
fected as well.24 However, further studies are needed to define
the full spectrum of efficacy and tolerability of freman-
ezumab, including in patients who are treatment refractory and
who have a range of coexistent diseases.

Third, this trial was limited to the evaluation of end points
at a short-term follow-up of 3 months after randomization. An
ongoing extension of this study is evaluating the long-term
safety and efficacy of fremanezumab via blinded assessment
over an additional 12 months. Fourth, the response of post-
randomization attacks to acute treatment was also not as-
sessed, although consumption of acute medication was sig-
nificantly decreased. Fifth, the effect of fremanezumab on
frequency of migraine aura was also not evaluated in this trial.
Sixth, this study did not compare fremanezumab with other
active treatments, although active comparators are usually not
included in pivotal trials for migraine prevention. Seventh, this
study did not include certain patient populations, such as those
who are pregnant, who have acute coronary syndrome or is-
chemic stroke, or who may have a compromised blood-brain
barrier. Further studies are needed to inform the use of
fremanezumab in these populations.

Conclusions
Among patients with episodic migraine in whom multiple
medication classes had not previously failed, subcutaneous fre-
manezumab, compared with placebo, resulted in a statisti-
cally significant 1.3- to 1.5-day reduction in the mean number
of monthly migraine days over a 12-week period. Further re-
search is needed to assess effectiveness against other preven-
tive medications and in patients in whom multiple preven-
tive drug classes have failed and to determine long-term safety
and efficacy.

ARTICLE INFORMATION

Accepted for Publication: April 16, 2018.

Author Contributions: Dr Dodick had full access to
all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of the
data analysis.
Concept and design: Silberstein, Bigal, Yeung,

Goadsby, Yang.
Acquisition, analysis, or interpretation of data:
Dodick, Silberstein, Bigal, Yeung, Goadsby,
Grozinski-Wolff, Yang, Ma.
Drafting of the manuscript: Dodick, Silberstein,
Bigal, Yeung.
Critical revision of the manuscript for important
intellectual content: Dodick, Silberstein, Bigal,

Yeung, Goadsby, Grozinski-Wolff, Yang, Ma.
Statistical analysis: Dodick, Bigal, Yang, Ma.
Obtained funding: Bigal.
Administrative, technical, or material support:
Yeung.
Supervision: Silberstein, Bigal, Yeung, Goadsby.

Effect of Fremanezumab vs Placebo on Prevention of Episodic Migraine Original Investigation Research

jama.com (Reprinted) JAMA May 15, 2018 Volume 319, Number 19 2007

© 2018 American Medical Association. All rights reserved.

Downloaded From:  by a Infotrieve Inc User  on 05/15/2018

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.4853&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.4853
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.4853


Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest.
Dr Dodick has received compensation from serving
on advisory boards and/or consulting within the
past 5 years for Allergan, Amgen, Novartis, Alder,
Arteaus, Pfizer, Colucid, Merck, NuPathe, Eli Lilly &
Company, Autonomic Technologies, Ethicon
Johnson & Johnson, Zogenix, Supernus, Labrys,
Boston Scientific, Medtronic, St Jude, Bristol-Myers
Squibb, Lundbeck, Impax, MAP, Electrocore, Tonix,
Teva, Alcobra, Zosano, ZP Opco, Insys, Ipsen,
Acorda, eNeura, Charleston Laboratories, Core,
Biohaven, Biocentric, Magellan, Theranica, Xenon,
Dr Reddy’s/Promius Pharma, Vedanta, CC Ford
West Group, and Foresite Capital. Dr Dodick also
owns equity in Epien, GBS/Nocira, Second Opinion,
Healint, and Theranica and has received funding for
travel, speaking, editorial activities, or royalty
payments from Intramed, SAGE Publishing,
Sun Pharma, Allergan, Oxford University Press,
American Academy of Neurology, American
Headache Society, West Virginia University
Foundation, Canadian Headache Society,
Healthlogix, Universal Meeting Management,
WebMD, UptoDate, Medscape/WebMD, Albert
Einstein University, University of Toronto, Starr
Clinical, Decision Resources, Synergy, MedNet LLC,
Peer View Institute for Medical Education,
Medicom, Medlogix, Wolters Kluwer Health,
Chameleon Communications, Academy for
Continued Healthcare Learning, Haymarket Medical
Education, Global Scientific Communications, Miller
Medical Communications, MeetingLogiX, and Wiley
Blackwell. Through his employer, Dr Dodick has
consulting use agreements with Neuro Assessment
Systems and Myndshft. Dr Dodick also holds board
of director positions with King-Devick
Technologies, and Epien Inc and holds patent
17189376.1-1466 on a botulinum toxin dosage
regimen for chronic migraine prophylaxis.
Dr Silberstein provides consultation to Alder,
Allergan, Amgen, Avanir, Curelater Inc, Depomed,
Dr Reddy’s Laboratories, Ensured Inc, ElectroCore
Medical LLC, INSYS Therapeutics, Lilly USA LLC,
Supernus Pharmaceuticals Inc, Teva
Pharmaceuticals, Theranica, and Trigemina Inc.
Dr Goadsby reports grants and personal fees from
Amgen and Eli Lilly and Company and personal fees
from Alder Biopharmaceuticals, Allergan,
Autonomic Technologies Inc, Dr Reddy’s
Laboratories, Electrocore LLC, eNeura, Novartis,
Scion, Teva Pharmaceuticals, and Trigemina Inc,
personal fees from medicolegal work, Journal
Watch, UptoDate, Oxford University Press,
Massachusetts Medical Society, and Wolters
Kluwer, and a patent on magnetic stimulation for
headache assigned to eNeura without fee. Dr Bigal,
Dr Yeung, Ms Blankenbiller, Ms Grozinski-Wolff,
Dr Yang, Ms Ma, and Dr Aycardi are employees of
Teva Pharmaceuticals. No other disclosures
were reported.

Funding/Support: This study was funded by Teva
Pharmaceuticals, Petach Tikva, Israel.

Role of the Funder/Sponsor: The trial sponsor,
Teva Pharmaceuticals, provided the trial medication
for trial conduct and manuscript preparation.

Teva Pharmaceuticals was involved in the design
and conduct of the study; collection, management,
analysis, and interpretation of the data;
preparation, review, and approval of the
manuscript; and decision to submit the manuscript
for publication.

Additional Contributions: We thank the study
participants and their families; all site personnel and
investigators, including the coordinating
investigators; and Kristen Hokenson, PhD
(Chameleon Communications International with
funding from Teva Pharmaceuticals) for editorial
assistance in the preparation of the manuscript.

REFERENCES

1. Burstein R, Noseda R, Borsook D. Migraine:
multiple processes, complex pathophysiology.
J Neurosci. 2015;35(17):6619-6629.

2. Headache Classification Committee of the
International Headache Society. The International
Classification of Headache Disorders, 3rd edition
(beta version). Cephalalgia. 2013;33(9):629-808.

3. Lipton RB, Silberstein SD. Episodic and chronic
migraine headache: breaking down barriers to
optimal treatment and prevention. Headache.
2015;55(suppl 2):103-122.

4. Lipton RB, Stewart WF, Diamond S, Diamond
ML, Reed M. Prevalence and burden of migraine in
the United States: data from the American Migraine
Study II. Headache. 2001;41(7):646-657.

5. Goadsby PJ, Holland PR, Martins-Oliveira M,
Hoffmann J, Schankin C, Akerman S.
Pathophysiology of migraine: a disorder of sensory
processing. Physiol Rev. 2017;97(2):553-622.

6. Buse DC, Scher AI, Dodick DW, et al. Impact of
migraine on the family: perspectives of people with
migraine and their spouse/domestic partner in the
CaMEO study [published online April 25, 2016].
Mayo Clin Proc. doi:10.1016/j.mayocp.2016.02.013

7. GBD 2016 Disease and Injury Incidence and
Prevalence Collaborators. Global, regional, and
national incidence, prevalence, and years lived with
disability for 328 diseases and injuries for 195
countries, 1990-2016: a systematic analysis for the
Global Burden of Disease Study 2016. Lancet. 2017;
390(10100):1211-1259.

8. Lipton RB, Bigal ME, Diamond M, Freitag F, Reed
ML, Stewart WF; AMPP Advisory Group. Migraine
prevalence, disease burden, and the need for
preventive therapy. Neurology. 2007;68(5):343-349.

9. Bigal ME, Lipton RB. Clinical course in migraine:
conceptualizing migraine transformation. Neurology.
2008;71(11):848-855.

10. Blumenfeld AM, Bloudek LM, Becker WJ, et al.
Patterns of use and reasons for discontinuation of
prophylactic medications for episodic migraine and
chronic migraine: results from the second
international burden of migraine study (IBMS-II).
Headache. 2013;53(4):644-655.

11. Goadsby PJ, Edvinsson L, Ekman R. Vasoactive
peptide release in the extracerebral circulation of
humans during migraine headache. Ann Neurol.
1990;28(2):183-187.

12. Ho TW, Edvinsson L, Goadsby PJ. CGRP and its
receptors provide new insights into migraine
pathophysiology. Nat Rev Neurol. 2010;6(10):
573-582.

13. Bigal ME, Dodick DW, Rapoport AM, et al.
Safety, tolerability, and efficacy of TEV-48125 for
preventive treatment of high-frequency episodic
migraine: a multicentre, randomised, double-blind,
placebo-controlled, phase 2b study. Lancet Neurol.
2015;14(11):1081-1090.

14. Walter S, Bigal ME. TEV-48125: a review of a
monoclonal CGRP antibody in development for the
preventive treatment of migraine. Curr Pain
Headache Rep. 2015;19(3):6.

15. World Medical Association. World Medical
Association Declaration of Helsinki: ethical
principles for medical research involving human
subjects. JAMA. 2013;310(20):2191-2194. doi:10
.1001/jama.2013.281053

16. Lipton RB, Stewart WF, Sawyer J, Edmeads JG.
Clinical utility of an instrument assessing migraine
disability: the Migraine Disability Assessment
(MIDAS) questionnaire. Headache. 2001;41(9):
854-861.

17. Peng KP, Wang SJ. Migraine diagnosis:
screening items, instruments, and scales. Acta
Anaesthesiol Taiwan. 2012;50(2):69-73.

18. Estemalik E, Tepper S. Preventive treatment in
migraine and the new US guidelines.
Neuropsychiatr Dis Treat. 2013;9:709-720.

19. Bigal ME, Edvinsson L, Rapoport AM, et al.
Safety, tolerability, and efficacy of TEV-48125 for
preventive treatment of chronic migraine:
a multicentre, randomised, double-blind,
placebo-controlled, phase 2b study. Lancet Neurol.
2015;14(11):1091-1100.

20. Dodick DW, Goadsby PJ, Silberstein SD, et al;
ALD403 Study Investigators. Safety and efficacy of
ALD403, an antibody to calcitonin gene-related
peptide, for the prevention of frequent episodic
migraine: a randomised, double-blind,
placebo-controlled, exploratory phase 2 trial.
Lancet Neurol. 2014;13(11):1100-1107.

21. Dodick DW, Goadsby PJ, Spierings EL, Scherer
JC, Sweeney SP, Grayzel DS. Safety and efficacy of
LY2951742, a monoclonal antibody to calcitonin
gene-related peptide, for the prevention of
migraine: a phase 2, randomised, double-blind,
placebo-controlled study. Lancet Neurol. 2014;13
(9):885-892.

22. Goadsby PJ, Reuter U, Hallström Y, et al.
A controlled trial of erenumab for episodic
migraine. N Engl J Med. 2017;377(22):2123-2132.

23. Sun H, Dodick DW, Silberstein S, et al. Safety
and efficacy of AMG 334 for prevention of episodic
migraine: a randomised, double-blind,
placebo-controlled, phase 2 trial. Lancet Neurol.
2016;15(4):382-390.

24. Silberstein SD, Dodick DW, Bigal ME, et al.
Fremanezumab for the preventive treatment of
chronic migraine. N Engl J Med. 2017;377(22):
2113-2122.

Research Original Investigation Effect of Fremanezumab vs Placebo on Prevention of Episodic Migraine

2008 JAMA May 15, 2018 Volume 319, Number 19 (Reprinted) jama.com

© 2018 American Medical Association. All rights reserved.

Downloaded From:  by a Infotrieve Inc User  on 05/15/2018

https://www.ncbi.nlm.nih.gov/pubmed/25926442
https://www.ncbi.nlm.nih.gov/pubmed/23771276
https://www.ncbi.nlm.nih.gov/pubmed/25662743
https://www.ncbi.nlm.nih.gov/pubmed/25662743
https://www.ncbi.nlm.nih.gov/pubmed/11554952
https://www.ncbi.nlm.nih.gov/pubmed/28179394
https://dx.doi.org/10.1016/j.mayocp.2016.02.013
https://www.ncbi.nlm.nih.gov/pubmed/28919117
https://www.ncbi.nlm.nih.gov/pubmed/28919117
https://www.ncbi.nlm.nih.gov/pubmed/17261680
https://www.ncbi.nlm.nih.gov/pubmed/18779513
https://www.ncbi.nlm.nih.gov/pubmed/18779513
https://www.ncbi.nlm.nih.gov/pubmed/23458496
https://www.ncbi.nlm.nih.gov/pubmed/1699472
https://www.ncbi.nlm.nih.gov/pubmed/1699472
https://www.ncbi.nlm.nih.gov/pubmed/20820195
https://www.ncbi.nlm.nih.gov/pubmed/20820195
https://www.ncbi.nlm.nih.gov/pubmed/26432182
https://www.ncbi.nlm.nih.gov/pubmed/26432182
https://www.ncbi.nlm.nih.gov/pubmed/25754596
https://www.ncbi.nlm.nih.gov/pubmed/25754596
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2013.281053&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.4853
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2013.281053&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.4853
https://www.ncbi.nlm.nih.gov/pubmed/11703471
https://www.ncbi.nlm.nih.gov/pubmed/11703471
https://www.ncbi.nlm.nih.gov/pubmed/22769861
https://www.ncbi.nlm.nih.gov/pubmed/22769861
https://www.ncbi.nlm.nih.gov/pubmed/23717045
https://www.ncbi.nlm.nih.gov/pubmed/26432181
https://www.ncbi.nlm.nih.gov/pubmed/26432181
https://www.ncbi.nlm.nih.gov/pubmed/25297013
https://www.ncbi.nlm.nih.gov/pubmed/25127173
https://www.ncbi.nlm.nih.gov/pubmed/25127173
https://www.ncbi.nlm.nih.gov/pubmed/29171821
https://www.ncbi.nlm.nih.gov/pubmed/26879279
https://www.ncbi.nlm.nih.gov/pubmed/26879279
https://www.ncbi.nlm.nih.gov/pubmed/29171818
https://www.ncbi.nlm.nih.gov/pubmed/29171818
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2018.4853



