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FORWARD Study: Evaluating the Comparative Effectiveness 
of  OnabotulinumtoxinA and Topiramate for Headache 

Prevention in Adults With Chronic Migraine

John F. Rothrock, MD; Aubrey Manack Adams, PhD; Richard B. Lipton, MD; Stephen D. Silberstein, MD;  
Esther Jo, MPH; Xiang Zhao, PhD; Andrew M. Blumenfeld, MD; on behalf  of the FORWARD Study 

investigative group

Objective.—To compare effectiveness of onabotulinumtoxinA and topiramate for chronic migraine (CM) prevention.
Background.—The efficacy* of onabotulinumtoxinA and topiramate has been established in placebo-controlled randomized 

clinical trials (*defined as the benefit of treatment under ideal conditions). The effectiveness* of the 2 preventive treatments, 
however, has not been established (*the benefit of treatment under real-world conditions, representing a blend of efficacy and 
tolerability).

Methods.—In this multicenter, randomized, parallel-group, post-authorization, open-label prospective study (FORWARD; 
Clini calTr ials.gov, NCT02191579), we randomized adults with CM (1:1) to onabotulinumtoxinA 155 U every 12  weeks for 3 
cycles or topiramate “immediate release” 50-100  mg/day to week 36. Primary outcome measure was proportion of patients 
achieving ≥50% reduction in headache days (weeks 29-32). Missing values were imputed using baseline observation carried 
forward (BOCF) methodology. After 12 weeks, patients initially randomized to topiramate could cross over to onabotulinum-
toxinA treatment. We monitored and recorded all adverse events (AEs).

Results.—We enrolled 282 patients (onabotulinumtoxinA, n  =  140; topiramate, n  =  142) and 148 patients completed ran-
domized treatment (onabotulinumtoxinA, n  =  120 [86%]; topiramate, n  =  28 [20%]). Primary reasons for withdrawal were inef-
fective treatment (onabotulinumtoxinA, n  =  7 [5%]; topiramate, n  =  27 [19%]) and AEs (onabotulinumtoxinA, n  =  5 [4%]; 
topiramate, n  =  72 [51%]). Eighty topiramate patients crossed over to onabotulinumtoxinA.

In the BOCF analysis, a significantly higher proportion of patients randomized to onabotulinumtoxinA experienced ≥50% 
reduction in headache frequency compared with those randomized to topiramate (40% [56/140] vs 12% [17/142], respectively; 
adjusted OR, 4.9 [95% CI, 2.7-9.1]; P <  .001). OnabotulinumtoxinA was superior to topiramate in meeting secondary endpoints. 
In a post hoc analysis using observed data, the 50% responder rates at week 12 were 45.6% for onabotulinumtoxinA (n  =  125) 
and 29.4% for topiramate (n = 109) (P = .015). AEs were reported by 48% (105/220) of onabotulinumtoxinA and 79% (112/142) 
of topiramate patients. Results were similar in those who crossed over to onabotulinumtoxinA.
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Conclusions.—While using imputation methods of accounting for differences in discontinuation rates, we found onabotuli-
numtoxinA to have greater clinical utility than topiramate, largely because of tolerability issues associated with the latter and 
a relatively higher number of onabotulinumtoxinA patients remaining on treatment.

Key words: botulinum toxin, topiramate, chronic migraine prevention, safety, clinical utility

Abbreviations:  AE adverse event, ANCOVA analysis of  covariance, BOCF baseline observation carried forward, C-SSRS 
Columbia-Suicide Severity Rating Scale, CM chronic migraine, EM episodic migraine, HIT-6 6-item 
Headache Impact Test, ITT intent-to-treat, mLOCF modified last observation carried forward, OR odds 
ratio, RCT randomized controlled trial

(Headache 2019;59:1700-1713)

INTRODUCTION
OnabotulinumtoxinA (Botox®, Allergan plc, Dub-

lin, Ireland) was the first drug approved specifically 
for chronic migraine (CM) and is currently approved 
worldwide.1-5 In the pivotal phase 3 studies, onabotu-
linumtoxinA was well tolerated and few discontinued 
treatment because of adverse events (AEs).1,6-8 The 
favorable benefit:risk profile of onabotulinumtoxinA 
has been confirmed in a large 2-year open-label study9 
and a real-world study.10

Topiramate “immediate release” (Topamax®, 
Janssen Pharmaceuticals, Inc., Titusville, NJ) is ap-
proved for prevention of migraine in adults and is com-
monly prescribed.11,12 A first-line preventive treatment 
according to practice guidelines, topiramate is associ-
ated with systemic AEs such as paresthesia, anorexia, 

fatigue, nausea, diarrhea, weight decrease, cognitive 
issues, and mood problems; AE-associated discontin-
uation rates can be substantial.11,13 For example, in an 
episodic migraine (EM) trial, the discontinuation rate 
in topiramate-treated patients was 27% (at the recom-
mended daily dose of 100 mg) compared with 12% in 
placebo-treated patients.11

Both onabotulinumtoxinA and topiramate have 
been demonstrated to be effective in CM in random-
ized controlled trials (RCTs).6-8,12 Results from 2 piv-
otal phase 3 trials (PREEMPT 1/2) indicated that 
onabotulinumtoxinA significantly reduces frequency 
of headache and migraine days compared with pla-
cebo.6,8 Investigators also found that topiramate sig-
nificantly reduced the mean number of migraine/
migrainous days per month compared with placebo.7,12 
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In a pilot study comparing onabotulinumtoxinA and 
topiramate in CM patients, efficacy was similar but 
AE profiles differed qualitatively and quantitatively.14 
In summary, these 2 preventive medications appear to 
have established efficacy for prevention of CM but dif-
ferent tolerability profiles.

In clinical practice, tolerability can be a major con-
tributor to medication adherence and persistence.15,16 
Efficacy, addressing the benefit of a treatment under 
ideal conditions, is best measured in RCTs,17 which al-
ready have been undertaken for onabotulinumtoxinA 
and topiramate. Effectiveness, a blend of efficacy and 
tolerability, refers to the benefit of a treatment under 
“real-world” conditions and is typically assessed in 
studies with broader entry criteria and designs that 
prioritize generalizability once efficacy has been es-
tablished. In 1967, Schwartz and Lellouch first used 
the term “pragmatic” to describe trials that assess an 
intervention in clinical practice to determine which of 
2 treatments should be preferred.18 Pragmatic trials 
are useful for accelerating integration of research out-
comes into policy and clinical practice19 and can serve 
to complement RCTs.20 The National Institutes of 
Health and the Patient-Centered Outcomes Research 
Initiative support and promote pragmatic clinical trial 
methodology to obtain information directly relevant 
for the needs of healthcare providers.21 Such trials have 
been conducted in chronic pain, schizophrenia, depres-
sion, multiple sclerosis, headache, and migraine.22-30

The primary goal of the FORWARD study was to 
compare the effectiveness of onabotulinumtoxinA and 
topiramate in preventive treatment of CM via a prag-
matic design and to explore the clinical utility of onabot-
ulinumtoxinA in those who discontinued topiramate.

METHODS
Study Design.—The FORWARD Study (www.

clini caltr ials.gov, NCT02191579) was a multicenter, 
randomized, parallel-group, post-authorization, 
open-label, prospective study designed to reflect clin-
ical practice. The study was conducted from August 
2014 to September 2017, and the protocol and sta-
tistical analysis plan are available on www.clini caltr 
ials.gov under the trial registration number. Prospec-
tive patients were recruited through a number of 
channels, including identification by study staff, fly-

ers and posters in physicians' offices, advertising, 
physician-to-physician referral, and by an email cam-
paign. We used an interactive web response system to 
obtain unique patient numbers, which were used to 
identify patient electronic diaries (eDiaries, electron-
ic case report forms, and electronic clinical outcome 
assessments), and to randomize (1:1) adult patients 
with CM to receive either onabotulinumtoxinA  
155 U at day 1, week 12  ±7  days, and week 24  ±7 
days or topiramate titrated to 50-100 mg/day (Fig. 1A). 
We administered onabotulinumtoxinA 155  U into  
31 sites including 7 specific head/neck muscle groups 
using the fixed-site, fixed-dose treatment paradigm 
approved by the US Food and Drug Administration. 
Similarly, the treatment paradigm we used for topi-
ramate followed the approved label.13 We instructed 
patients to sequentially escalate their dose of  topi-
ramate by 25 mg/day weekly from an initial dose of 
25 mg/day up to 100 mg/day or the maximum tolera-
ble dose. Beginning at week 2, topiramate 50 mg/day  
was administered as 25  mg twice a day. Between 
weeks 4 and 12, a dose of  topiramate of  ≥50 mg/day 
was required, and at week 12 the investigator could 
adjust the topiramate dose within the 50-100 mg/day 
dose range as tolerated, with the resulting dose to be 
maintained for the remainder of  the study. If  topira-
mate was discontinued, a taper period of  2 weeks was 
recommended.

The study comprised a screening visit, a 28-day base-
line screening period, the treatment period, and post- 
treatment follow-up lasting 12 weeks for those receiving 
onabotulinumtoxinA. For those completing study treat-
ment as randomized, the final exit visit was at week 36.

Patients discontinuing topiramate treatment for 
any reason on or before week 36 could cross over to 
receive onabotulinumtoxinA treatment at their next 
scheduled study visit (ie, week 12, 24, or 36). These pa-
tients received onabotulinumtoxinA every 12 weeks up 
to and including the week 36 visit, for a maximum of 
3 treatment sessions. OnabotulinumtoxinA treatment 
could be initiated during the topiramate taper period. 
For patients crossing over from topiramate to onabot-
ulinumtoxinA, the final exit visit was 12 weeks after the 
last onabotulinumtoxinA treatment; patients who re-
ceived onabotulinumtoxinA treatment at week 36 had 
their final visit at week 48 (Fig. 1B).

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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The study was conducted in accordance with Good 
Clinical Practice regulations and guidelines and was 
approved by participating sites' boards for review of 
clinical research.

Patients.—Adult patients (aged 18-65 years) with 
a diagnosis of CM according to the International 
Classification of Headache Disorders 3β criteria were 
eligible for inclusion.31 During the 28-day baseline 
screening period, patients had to record ≥20 diary days 
indicating headache frequency, duration, and intensity; 
acute headache pain medication use; and Migraine 
Interictal Burden Scale score for days that headache 

was not reported. Patients were included if they reported 
≥15 headache days. Patients taking other preventive 
treatments were eligible for enrollment if the dose had 
been stable and well tolerated for ≥12 weeks before 
screening and the patient was willing to maintain a stable 
dose. Patients were permitted to take prescription or over-
the-counter acute headache pain medication, recording 
use in their daily diary. Patients who had previously 
received botulinum toxin or topiramate for any 
reason, pregnant patients, and those with a significant 
risk of suicide, assessed using the Columbia-Suicide 
Severity Rating Scale (C-SSRS), were excluded. Patients 

Fig. 1.—Study design. (A) The study comprised a 28-day pretreatment (run-in) period followed by randomization to either 
onabotulinumtoxinA or topiramate treatment that lasted up to 36 weeks. (B) Patients who discontinued topiramate treatment between 
weeks 12 and 36 could cross over to onabotulinumtoxinA and remain in the study until week 48. [Color figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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provided written informed consent prior to enrollment. 
Informed consent materials contained details of potential 
AEs of both treatments.

Outcome Measures.—Patients were required to 
maintain daily eDiaries throughout the study. Other 
data were collected via questionnaires at follow-
up office visits. Headache days were assessed every 
day based on eDiary entries. Patient-reported outcome 
evaluations were conducted both at office visits and 
via eDiary, but ample time was provided between these 
evaluations so as not to overburden patients with a need 
to enter long eDiary assessments at any one time point.

Primary Outcome.—The primary outcome was the 
proportion of patients with a ≥50% decrease in head-
ache days from baseline in the 4-week period before 
week 32 (ie, weeks 29-32). A headache day was defined 
as a calendar day with a headache of ≥4 hours' dura-
tion and/or a headache of any duration if  acute mi-
graine medication was taken. The primary time point 
was selected to assess effectiveness when topiramate 
had been fully titrated and after 3 cycles of onabotuli-
numtoxinA had been administered.

Secondary Outcomes.—Secondary outcomes were 
change in headache days from baseline in the 4-week 
period ending at week 32, change in 6-item Headache 
Impact Test (HIT-6) score from baseline for the 4 weeks 
ending at week 30 (ie, weeks 27-30), and proportion of 
patients with a ≥70% decrease in headache days from 
baseline in the 4-week period ending at week 32.

Exploratory Outcome Measure.—For patients who 
discontinued topiramate for any reason and crossed 
over to onabotulinumtoxinA, effectiveness was 
assessed as the proportion of patients with a ≥50% 
decrease in headache days from baseline for each  
28-day interval of the study.

Other Efficacy Outcome Measure.—The change 
from baseline in the number of acute headache pain 
medication usage days was evaluated based on patient 
diary records.

Safety and Tolerability.—We monitored AEs, 
including relationship to study treatment, severity, and 
seriousness. At each office visit, C-SSRS and pregnancy 
testing was completed. Because both medications are 
FDA-approved for migraine, a data safety monitoring 
board was not convened, and the study was designed in 
accordance with FDA labeling.

If  an AE occurred before treatment with onabotu-
linumtoxinA in patients crossing over from topiramate, 
we assigned the AE to topiramate. We assigned AEs 
occurring after treatment with onabotulinumtoxinA to 
either topiramate or onabotulinumtoxinA depending 
on the AE's apparent relationship to study treatment 
(“related,” “not related,” or “unknown”), as deter-
mined by the site investigator. If  the investigator de-
termined the AE was related to one of the treatments, 
that AE was attributed to that treatment only. If  the 
relationship of the AE to a study treatment was un-
known or considered to be related to both study treat-
ments, that AE was included in both treatment groups, 
but only once in the total number of AEs for the treat-
ments when combined.

Statistical Analyses.—All statistical analyses were 
conducted using SAS software (SAS Institute, Inc, 
Cary, NC), version 9.3. Baseline demographics, char-
acteristics, and AEs are reported descriptively. No in-
terim analysis was planned or conducted.

A sample size of  approximately 400 patients 
(200 patients per group) was required to provide 
90% power to detect a treatment difference of  16%; 
280 patients provided 80% power. The enrollment 
target was not met despite a 6-month extension to 
24 months; therefore, 80% power was deemed suf-
ficient. The FDA was notified that enrollment was 
stopped because of  recruitment challenges and not 
safety issues and that there would be a reduced sam-
ple size with reduced power to detect significant be-
tween-group differences.

The intent-to-treat (ITT) population, including all 
randomized patients, was used to assess primary and 
secondary endpoints. Any patient receiving ≥1 dose of 
study treatment was included in the safety population. 
We included patients who crossed over to onabotuli-
numtoxinA in the safety population for both topira-
mate and onabotulinumtoxinA.

The primary outcome was a dichotomous variable 
(responder/nonresponder), defined as the proportion 
of patients with ≥50% reduction in headache days 
during the 28-day period before week 32. The primary 
comparison between treatment groups was performed 
using a logistic regression model, adjusted by the base-
line number of headache days as a covariate. The treat-
ment effect was summarized using an adjusted odds 
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ratio and 95% Wald confidence limits. The P value 
from the Wald Chi-square test was also reported.

If  a patient recorded ≥20 days of diary data for 
any 28-day period, the headache day counts were pro-
rated accordingly and rounded to the nearest whole 
number; patients with <20 days of data were set to 
missing for the time period. A baseline observation 
carried forward (BOCF) imputation method was used 
to impute missing values for all primary and second-
ary outcomes; missing values were replaced with the 
baseline value (eg, frequency of headache days during 
the 28-day baseline period). If  a patient had a missing 
value for any reason (eg, discontinuation due to AEs, 
lost to follow-up, lack of efficacy), baseline data were 
used and the patient was considered a nonresponder. 
Sensitivity analyses for the primary outcome were un-
dertaken using pro-rated observed data (for patients 
with <28 and ≥20 days' diary data) and modified last 
observation carried forward (mLOCF) (see Appendix 
I in Supporting Information).

We used analysis of covariance (ANCOVA) to 
compare the change in headache days from baseline 
between treatment groups, with missing data handled 
as described for the primary outcome. Differences in 
HIT-6 scores between treatment groups were com-
pared using nonparametric rank ANCOVA with 
treatment as a factor and adjusting for the baseline 
HIT-6 score. The ≥70% decrease in headache days 
was analyzed similar to the approach for the primary 
endpoint.

For all 2-sided tests, P  ≤  .05 was considered sta-
tistically significant. We used a hierarchical testing 
gatekeeping procedure to control for Type I error for 
multiple secondary endpoints. We ranked secondary 
outcomes in hierarchical order of clinical importance: 
(1) change in headache days, (2) change in HIT-6 score, 
and (3) ≥70% headache day responder rates.

RESULTS
Patient Disposition and Demographics.—We enrolled 

a total of 282 patients at 35 sites (onabotulinumtoxinA, 
n = 140; topiramate, n = 142). Across both treatment 
groups, patients were primarily female (n  =  239 
[85%]) and white (n  =  229 [81%]; Table 1). Baseline 
demographics and headache characteristics were 
similar across treatment groups, including concurrent 

use of other preventive treatments as well as common 
comorbidities of patients with CM such as anxiety, 
depression, and insomnia.

A greater proportion (n  =  120, 86%) of patients 
randomized to onabotulinumtoxinA completed 
study treatment versus those randomized to the topi-
ramate treatment group (n  =  28, 20%; (Fig. 2). The 
mean (SD) highest dose of topiramate achieved was 
90.8 (36.4) mg/day. The mean (SD) dose for patients 
who remained on topiramate was 70 (30.1)  mg/day; 
for those who switched, the mean (SD) dose was 56.1 
(22.2) mg/day, which could include the recommended 
2-week taper. Of the topiramate patients who did 
not complete their randomized treatment regimen,  
80 patients (56%) crossed over to onabotulinumtox-
inA treatment; 71 of these 80 patients received their 
first onabotulinumtoxinA treatment at week 12. The 
mean (SD) time interval for topiramate administra-
tion was 156.8 (107.9) days for those who remained on 
topiramate and 60.1 (45.5) days for those who switched 
to onabotulinumtoxinA.

Treatment discontinuations occurred in 11 (8%) 
patients who were initially randomized to onabotuli-
numtoxinA and 89 (63%) patients were randomized 
to topiramate. Lack of efficacy and AEs were the 
most frequently reported reasons for discontinuation 
(Fig. 2).

Primary and Secondary Outcomes.—In the BOCF 
analysis, the proportion of the onabotulinumtoxinA 
treatment group achieving the primary endpoint at week 
32 (n = 56/140, 40%) was significantly greater than that 
in the topiramate group (n  =  17/142, 12%; Fig. 3A). 
The odds of being a 50% responder were 4.9 times 
greater for onabotulinumtoxinA than for topiramate 
(OR  =  4.9 [95% CI: 2.7, 9.1]; P  <  .001, Fig. 3B). In 
this BOCF analysis, the 50% responder rates at week 
12 were 40.7% (57/140) for the onabotulinumtoxinA 
treatment group and 22.5% (32/142) for the topiramate 
group, a statistically significant difference (P <  .001). 
Based on a post hoc analysis of observed data at week 
12, the respective onabotulinumtoxinA and topiramate 
50% responder rates were 45.6% (n = 125) and 29.4% 
(n = 109), which differed significantly (P = .015).

The frequency of headache days per 28-day period 
was lower with onabotulinumtoxinA than with topira-
mate at weeks 12, 24, and 32. At week 32, mean (SD) 
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reduction from baseline in headache days was 8.3 (8.9) 
compared with 2.1 (5.6) for topiramate, with a signifi-
cant between-group difference favoring onabotulinum-
toxinA (mean difference: −6.2, 95% CI: −7.9 to −4.5; 
P < .001; Fig. 4A).

At week 30, onabotulinumtoxinA resulted in a 
mean (SD) reduction in HIT-6 scores from baseline of 
5.6 (7.2) compared with 1.3 (3.9) for topiramate, with a 
significant between-group difference favoring onabotu-
linumtoxinA (estimated between-treatment difference, 
−4.2 [95% CI: −5.8 to −2.7]; P < .001; Fig. 4B).

OnabotulinumtoxinA treatment resulted in a 
higher proportion of patients (27%) with a ≥70% re-
sponder rate at week 32 compared with 8% of patients 
in the topiramate group (Fig. 5A). The odds of being a 
70% responder were 4.1-fold greater for onabotulinum-
toxinA (OR = 4.1 [95% CI: 2.0, 8.2]; P < .001; Fig. 5B).

In the exploratory analysis of patients who 
crossed over to onabotulinumtoxinA from topiramate,  

31 (39%) patients were ≥50% headache day responders 
at week 32 compared with baseline (Fig. 6).

Other Efficacy Outcome Measure.—During weeks 29 
to 32, the mean (SD) change from baseline in the num-
ber of acute headache pain medication usage days was 
−5.5 (6.7) for onabotulinumtoxinA-treated patients and 
−1.7 (5.2) for patients treated with topiramate, a statis-
tically significant mean treatment difference of −4.039 
(95% CI, −5.387 to −2.691; P  <  .001). For all other 
study intervals, mean reductions from baseline in acute 
headache pain medication usage days were greater with 
onabotulinumtoxinA treatment than with topiramate.

Safety and Tolerability.—AEs were experienced by 
48% of onabotulinumtoxinA patients (randomized or 
cross-over populations, n = 220 patients) and 79% of 
topiramate patients (Table 2). The most common AE 
among onabotulinumtoxinA patients was sinusitis 
(6%), whereas for topiramate patients it was paresthesia 
(31%). One percent of onabotulinumtoxinA 

Table 1.—Patient Demographics and Medical History at Baseline

OnabotulinumtoxinA 
(n = 140)

Topiramate 
(n = 142)

Total  
(N = 282)

Switched to OnabotulinumtoxinA 
(n = 80)

Age, years, mean (SD) 40.2 (11.7) 39.4 (12.6) 39.8 (12.1) 39.0 (12.2)
Female, n (%) 117 (84) 122 (86) 239 (85) 68 (85)
Race, n (%)

White 111 (79) 118 (83) 229 (81) 72 (90)
Black 13 (9) 8 (6) 21 (7) 3 (4)
Asian 4 (3) 2 (1) 6 (2) 2 (3)
Hispanic 11 (8) 12 (8) 23 (8) 3 (4)
Other 1 (1) 2 (1) 3 (1) 0 (0)

Use of headache preventive  
treatments, n (%)

26 (18.6) 25 (17.6) 51 (18.1) 16 (20.0)

BMI, kg/m2, mean (SD) 28.9 (7.1) 28.8 (6.5) 28.8 (6.8) 27.7 (6.5)
Patients with any medical history 

other than migraine*
122 (87) 127 (89.4) 249 (88) 77 (96)

Anxiety 26 (19) 33 (23) 59 (21) 21 (26)
Depression 36 (26) 30 (21) 66 (23) 19 (24)
Insomnia 23 (16) 25 (18) 48 (17) 15 (19)
Drug hypersensitivity 19 (14) 27 (19) 46 (16) 17 (21)
Seasonal allergy 26 (19) 37 (26) 63 (22) 19 (24)
Back pain 17 (12) 11 (8) 28 (10) 6 (8)
Neck pain 6 (4) 10 (7) 16 (6) 8 (10)
Gastroesophageal reflux  
disease

15 (11) 19 (13) 34 (12) 13 (16)

Asthma 18 (13) 12 (8) 30 (11) 7 (9)
Hypertension 19 (14) 19 (13) 38 (13) 10 (13)
Hypothyroidism 17 (12) 7 (5) 24 (9) 3 (4)

*Medical history as reported in ≥10% of patients in either treatment group.
BMI = body mass index.
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patients and 42% of topiramate patients discontinued 
treatment due to an AE. One patient (receiving 
topiramate) discontinued because of pregnancy. No 
patients who crossed over to onabotulinumtoxinA 
discontinued treatment due to an AE.

Treatment-related AEs were reported in 17% of 
onabotulinumtoxinA patients and 70% of topiramate 
patients; 15% of patients who crossed over to onabotuli-
numtoxinA reported a treatment-related AE. The most 
common treatment-related AEs in patients receiving 

Fig. 2.—Patient disposition. *80 patients randomized to topiramate discontinued and switched to onabotulinumtoxinA treatment; 55 
of the 80 (69%) completed the study and 6 (8%) discontinued: treatment ineffective, n = 3 (4%) and other reasons, n = 3 (4%).

Fig. 3.—(A) Responder rates (≥50% decrease in frequency of headache from baseline) in patients receiving onabotulinumtoxinA and 
topiramate and (B) detailed at week 32. *Odds ratio = 2.4 (95% CI: 1.4-4.1), P < .001; estimated using Fisher's exact test adjusted 
by baseline headache days for the 28-day period between weeks 9-12. Missing data imputed using baseline last observation carried 
forward imputation method. †Odds ratio = 4.9 (95% CI: 2.7-9.1), P < .001; estimated using a logistic regression model adjusted by 
baseline headache days for the 28-day period between weeks 29-32. Missing data imputed using baseline last observation carried 
forward imputation method. [Color figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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onabotulinumtoxinA were neck pain (4%), musculoskel-
etal pain (2%), migraine (1%), and blurred vision (1%). 
The most common treatment-related AEs in patients 
receiving topiramate were paresthesia (29%), cognitive 
disorder, fatigue, nausea (all 12%), decreased appetite, 
dizziness (both 11%), and attention disturbance (8%). 
The only serious treatment-related AE was nephrolithia-
sis in a patient receiving topiramate; no deaths occurred.

DISCUSSION
The results of this study provide new data on the 

comparative effectiveness of onabotulinumtoxinA and 

topiramate in the management of CM. Using a prag-
matic approach and prespecified analytical methods, 
we found differences that were statistically significant 
in favor of onabotulinumtoxinA for the primary and 
secondary outcomes. In particular, our results from 
the observed data conducted as sensitivity analyses 
(Appendix I) suggest that although topiramate may 
be beneficial in reducing headache burden for patients 
who can tolerate the medication, patients receiving 
onabotulinumtoxinA are more likely to remain on 
treatment, an effect that yields greater overall clinical 
utility.

Fig. 4.—(A) Headache day frequency per 28-day period for onabotulinumtoxinA and topiramate at weeks 12, 24, and 32 and  
(B) HIT-6 scores for onabotulinumtoxinA and topiramate at week 30. HIT-6  =  6-item Headache Impact Test. *Change from 
baseline at week 32 assessment (weeks 29-32); P value compares the change from baseline, assessed using analysis of covariance 
and adjusting for baseline headache days. Other time points were not tested for statistical significance. †Change from baseline for 
onabotulinumtoxinA vs topiramate at week 30; P value compares the change from baseline, assessed using analysis of covariance and 
adjusting for baseline headache days. [Color figure can be viewed at wileyonlinelibrary.com]

Fig. 5.—Responder rates (≥70% decrease in frequency of headache from baseline) in patients receiving onabotulinumtoxinA and 
topiramate (A) for the duration of the study and (B) detailed at 32 weeks. *Odds ratio = 4.1 (95% CI: 2.0-8.2), P < .001; estimated 
using a logistic regression model adjusted by baseline headache days for the 28-day period between weeks 29-32. Other time points 
were not tested for statistical significance. [Color figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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For a given treatment to be effective, patients obvi-
ously must adhere to their treatment regimens. Overall 
adherence rates associated with traditional oral mi-
graine preventive treatments are relatively low, with 
more than two-thirds of individuals in one large claims 
database analysis designated non-adherent.32 The 
sensitivity analyses we used in the FORWARD study 
support our conclusion that the 2 treatments evaluated 
have similar efficacy, as has been demonstrated in other 
published clinical trials, but have a marked difference 
in effectiveness that is largely a function of tolerability. 
This difference is likely to result in a high real-world 
discontinuation rate for topiramate.

Patients in the FORWARD study who discontin-
ued topiramate and crossed over to onabotulinumtox-
inA experienced effectiveness comparable to that for 
those initially randomized to onabotulinumtoxinA, a 
finding that suggests treatment failure with topiramate 
does not predict treatment failure with onabotulinum-
toxinA. Because patients could receive onabotulinum-
toxinA during the topiramate taper period, it is possible 
that some portion of the efficacy results we observed in 
this cross-over group were due to topiramate. Despite 
this limitation, our results may be relevant for clinicians 
whose patients wish to discontinue topiramate in favor 
of treatment with onabotulinumtoxinA. The incidence 
and nature of AEs were similar in those who crossed 
over to onabotulinumtoxinA and the overall onabot-
ulinumtoxinA group. There were no apparent AEs as-
sociated with switching a patient from topiramate to 

onabotulinumtoxinA, even when onabotulinumtoxinA 
was initiated during the topiramate taper period.

The demographics, headache characteristics, and 
common comorbidities in the FORWARD patient 
population were consistent with those in other clin-
ical trials and epidemiological studies of  CM.33-35 
Additionally, 18.1% of  patients (onabotulinumtox-
inA, 18.6%; topiramate, 17.6%) was receiving a sta-
ble dose of  preventive treatment prior to enrolling, 
reflecting current management of  CM in the clinical 
setting. Given the similarities between the 2 treat-
ment groups in this study, it is unlikely that the use 
of  concomitant preventive medications influenced 
our results in a manner detracting from their clinical 
relevance.

The FORWARD study has its limitations. One 
was the possible bias introduced by awareness among 
patients who were randomized to topiramate that 
they could cross over to onabotulinumtoxinA, po-
tentially inflating topiramate discontinuation rates. 
Awareness of the potential AEs could also have influ-
enced results. While such biases cannot be excluded, 
topiramate patients could not cross over to onabotuli-
numtoxinA until week 12 (16 weeks after enrollment). 
Given this time restriction, the inherent burden im-
posed by CM, and the sufficient opportunity for pa-
tients and their physicians to determine the dose of 
topiramate that was optimal for them, it seems plau-
sible that patients would have been reasonably moti-
vated to give topiramate an adequate trial. Indeed, the 

Fig. 6.—Responder rates (≥50% decrease in frequency of headache from baseline) in patients who crossed over to onabotulinumtoxinA. 
Missing data were imputed using baseline last observation carried forward imputation method. [Color figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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mean highest dose of topiramate achieved during the 
study was 90.8 mg/day, suggesting that most patients 
did, in fact, give topiramate a reasonable trial. The 
discontinuation rates reported in RCTs with topira-
mate were lower than those rates in our study.7,12 At a 
dose of approximately 100 mg per day, the discontin-
uation rate with topiramate was 33.6% in the larger of 
the 2 trials and 25% in the smaller trial.7,12 Our data, 
however, are consistent with previously reported re-
al-world discontinuation rates for antiepilepsy medi-
cations.15 It should be noted that the discontinuation 
rate for onabotulinumtoxinA in this trial was also 
higher than that in prior RCTs.9

In this study, when patients discontinued treat-
ment, we carried the baseline observation forward. 
This approach assumes that a treatment that cannot 
be tolerated is unlikely to be effective. For a real-world 

study, this assumption is justified although it arguably 
conflates lack of efficacy with tolerability.

Other limitations of this study are the lack of a 
placebo arm and lack of blinding of both the inves-
tigator and the patients. A number of alternative 
design options were considered, including a 3-arm 
double-dummy design, the addition of 2 placebo arms, 
and blinding of the investigator by having a third party 
allocate and administer treatments. We felt it unlikely, 
however, that a placebo control would be approvable 
by an IRB given the availability of 2 evidence-based, 
FDA-approved treatments. The design, however, was 
intended to approximate clinical practice, which pre-
cluded these alternatives.

The FORWARD study was designed on the prem-
ise that the efficacy of both treatments already had 
been established in double-blind placebo-controlled 

Table 2.—Overview of  Adverse Events

Patients with AE,  
n (%)*

OnabotulinumtoxinA 
(n = 220)

Topiramate 
(n = 142)

Total  
(N = 282)

Switched to OnabotulinumtoxinA 
(n = 80)†

Any AE 105 (48) 112 (79) 179 (63) 38 (48)
Serious AE 4 (2) 6 (4) 8 (3) 2 (3)
AE leading to 

discontinuation of 
treatment

3 (1) 60 (42) 63 (22) 0

AE leading to with-
drawal from study

3 (1) 7 (5) 10 (4) 0

AE leading to death 0 0 0 0
Treatment-related AE 38 (17) 99 (70) 126 (45) 12 (15)
Serious treatment-

related AE
0 1 (1) 1 (<1) 0

AEs occurring in ≥5% in any treatment group
Cognitive disorder 1 (<1) 18 (13) 18 (6) 1 (1)
Disturbance in 

attention
0 12 (8) 12 (4) 0

Dizziness 6 (3) 18 (13) 23 (8) 1 (1)
Migraine 6 (3) 2 (2) 7 (2) 4 (5)
Paresthesia 1 (<1) 44 (31) 45 (16) 0
Sinusitis 13 (6) 10 (7) 17 (6) 6 (8)
Nausea 1 (<1) 19 (13) 20 (7) 0
Neck pain 10 (4) 3 (2) 12 (4) 5 (6)
Fatigue 1 (<1) 19 (13) 20 (7) 0
Depression 4 (2) 8 (6) 10 (4) 2 (3)
Vision blurred 6 (3) 11 (8) 15 (5) 4 (4)
Decreased appetite 0 15 (11) 15 (5) 0

*Percentages based on the number of patients that received each treatment as the denominator. A patient that received both 
onabotulinumtoxinA and topiramate was included in the denominator for all treatment arms and overall. At each level of summarization, 
a patient was counted once within a treatment arm and overall.
†AEs that started on or after the first onabotulinumtoxinA injection were counted in the treatment arm related to the AE as determined 
by the physician; if  the AE was determined to be related to both treatments or the relationship to a treatment group was unknown, the 
AE was counted in both treatment arms but only once in the total.
AE = adverse event.
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trials and that FORWARD's purpose was to extend 
knowledge involving the relative clinical utility of the 
treatments. Thus, in this study, patients randomized to 
topiramate could cross over to the comparator. This 
unidirectional cross-over, which prohibited a patient 
switching from onabotulinumtoxinA to topiramate, 
was chosen so as to reflect current clinical practice, and 
we cannot exclude the possibility that this may have in-
fluenced the discontinuation rate for patients random-
ized to topiramate.

CONCLUSIONS
Although in those few patients who were rand-

omized to the oral medication and completed the treat-
ment phase, topiramate was at least as efficacious as 
onabotulinumtoxinA. The wide difference in discontin-
uation rates limits our ability to offer an assessment of 
the relative efficacy of topiramate “immediate release” 
and onabotulinumtoxinA. In the context of effective-
ness, however, the high discontinuation rate associated 
with topiramate appears to diminish its clinical value 
significantly. Compared to only 4% of those rand-
omized to onabotulinumtoxinA, the majority (51%) of 
patients randomized to topiramate discontinued treat-
ment because of AEs.

Our results also demonstrate that onabotulinum-
toxinA is a safe and often effective alternative for 
patients with CM who discontinue treatment with topi-
ramate, and treatment with onabotulinumtoxinA can 
be initiated safely during the topiramate taper period.

In current practice, topiramate is often considered 
first-line treatment. Given the marked difference in 
effectiveness between the 2 therapies indicated by our 
results, the logic of delaying treatment with onabotu-
linumtoxinA in favor of first prescribing topiramate 
“immediate release” can be questioned. Further re-
search is needed to quantify the clinical impact and so-
cietal cost of delaying treatment that is associated with 
comparatively greater clinical utility.
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