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Abstract

Objective: To determine reversion rates from chronic migraine to episodic migraine during long-term erenumab

treatment.

Methods: A daily headache diary was completed during the 12-week, double-blind treatment phase of a placebo-

controlled trial comparing erenumab 70mg, 140mg, and placebo, and weeks 1–12, 21–24, 37–40, and 49–52 of the

open-label treatment phase. Chronic migraine to episodic migraine reversion rates were assessed over the double-blind

treatment phase; persistent reversion to episodic migraine over 24 weeks (double-blind treatment phase through the first

12 weeks in the open-label treatment phase), long-term persistent reversion to episodic migraine over 64 weeks (double-

blind treatment phase plus open-label treatment phase); delayed reversion to episodic migraine through the first 12 weeks

of the open-label treatment phase among patients remaining in chronic migraine during the double-blind treatment

phase.

Results: In the double-blind treatment phase, 53.1% (95% confidence interval: 47.8–58.3) of 358 erenumab-treated

completers had reversion to episodic migraine; monthly reversion rates to episodic migraine were typically higher

among patients receiving 140mg versus 70mg. Among 181 completers (receiving erenumab for 64 weeks), 98

(54.1% [95% confidence interval: 46.6–61.6]) had reversion to episodic migraine during the double-blind treatment

phase; of those, 96.9% (95% confidence interval: 91.3–99.4) had persistent reversion to episodic migraine, 96.8% (95%

confidence interval: 91.1–99.3) of whom had long-term persistent reversion to episodic migraine. Delayed reversion to

episodic migraine occurred in 36/83 (43.4% [95% confidence interval: 32.5–54.7]) patients; of these, 77.8% (95% con-

fidence interval: 60.9–89.9) persisted in reversion through week 64.

Conclusions: Patients with reversion to episodic migraine at week 12 will likely persist as episodic migraine with

longer-term erenumab; others may achieve delayed reversion to episodic migraine.
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Introduction

Migraine is the world’s second leading medical cause of
disability, and the leading cause of disability among
girls and women aged 10–49 years of age (1,2).
Although there are many approaches to classifying
migraine, the distinction between episodic migraine
(EM) and chronic migraine (CM) is useful. CM is
defined, in part, by the occurrence of headache on
�15 days per month for >3 months, with �8 days/
month linked to migraine (3). EM is the complement
of CM. Based on this categorical boundary, if the
monthly headache frequency decreases to <45 days
for �12 weeks, we consider this a reversion from CM
to EM. Population-based studies have shown that, in
comparison with EM, people with CM have a greater
disease burden, more disability, more impairment in
health-related quality of life, and higher direct and
indirect costs (4–7).

It is not uncommon for individual patients to prog-
ress from EM to CM (8); studies have reported that the
annual rate of transitioning from EM to CM is about
2.5% in population studies and as high as 14% in
clinic-based studies (9–11). The rate of reversion of
CM to EM has been reported to be higher (12,13).
An important treatment goal for patients with CM is
a reduction in headache frequency, including the cate-
gorical reversion of CM to EM, but more detailed data
on rates of reversion have rarely been reported. Factors
associated with reversion of CM to EM include the
absence of allodynia and no medication overuse
(12,14); conversely, comorbid pain disorders other
than migraine, higher frequency of headache days,
and the presence of allodynia have been associated
with lower reversion of CM (12,13).

Erenumab (in the USA, erenumab-aooe) is a fully
human monoclonal antibody that specifically inhibits
the canonical calcitonin gene-related peptide receptor
(15). Erenumab is approved in the USA and the
European Union for the preventive treatment of
migraine in adults (16,17). Subcutaneous erenumab
70mg or 140mg monthly has been demonstrated to
reduce monthly migraine days (MMDs) and improve
measures of migraine-related disability in patients with
EM and CM (18–21). To translate these previously
reported measures into more clinically relevant out-
comes, we assess the achievement of reversion from

CM to EM for various periods of time defined in the

Methods section. The state of reversion that is associ-

ated with treatment is provisional, as there conceivably

might be movement back to CM (8).
To assess the rates of reversion from CM to EM

over 12 weeks (i.e. a reduction in headache day fre-

quency while on treatment to <45 headache days

over 12 weeks), we performed a post-hoc analysis of a

12-week, placebo-controlled trial of patients with CM

(20), and a subsequent 52-week, open-label extension

study.

Methods

Study design

Details of the study design for the randomized, double-

blind, placebo-controlled trial have been previously

reported (20). Patients were randomized 3:2:2 to receive

monthly placebo, erenumab 70mg, or erenumab

140mg subcutaneously over a 12-week double-blind

treatment phase (DBTP). Patients were eligible for

entry into the 52-week open-label extension if they

completed the DBTP, were deemed appropriate for

continued treatment by the investigator, and provided

separate informed consent.
In the 12-week DBTP and the subsequent 52-week

open-label treatment phase (OLTP), patients received

treatment monthly (i.e. every 4 weeks for up to 64

weeks in total). Headache information was collected

daily during the 4 weeks before baseline, the entire

12-week DBTP (20); and over the first 12 weeks and

weeks 21–24, 37–40, and 49–52 of the OLTP. The ini-

tial erenumab dose used in the OLTP was 70mg once

monthly; however, a protocol amendment increased

the dose to 140mg monthly for patients who had not

completed the week 28 visit so that they would have the

opportunity to receive erenumab 140mg for �24 weeks

before study end (Figure 1).
All institutional review boards and independent

ethics committees at the various sites approved the

study protocol. All patients provided written informed

consent. The study was conducted in accordance with

the Declaration of Helsinki and International Council

for Harmonisation Good Clinical Practice guidelines.
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Outcomes

Patients used an electronic diary to enter daily infor-
mation about headache, including time of onset, time
to resolution, pain severity, pain features, headache/
migraine symptoms, and use of acute headache medi-
cations. An algorithm was used to determine which
days qualified as migraine days and headache days.
The qualifications for a migraine day and headache
day have been previously described (20).

The term “reversion from CM to EM” was chosen
to identify patients who moved from �15 headache
days per month (required in the study for the diagnosis
of chronic migraine) to <15 headache days per month
(referred to as episodic migraine). CM to EM reversion
observed during the time periods of assessment is con-
sidered provisional as there conceivably might be
movement back to CM.

Monthly reversion to EM (i.e. patients moving to
<15 headache days per month [4-week period]) was
assessed during weeks 1–4, 5–8 and 9–12 of the
DBTP, and also during weeks 9–12, 21–24, 37–40 and
49–52 of the OLTP in all patients (Table 1).

Reversion to EM over 12 weeks of treatment was
defined as patients with <45 headache days over the
12-week period of the DBTP. Persistent reversion to
EM over 24 weeks of treatment was defined as those
with reversion over the 12-week period of the DBTP
who continued to meet the criteria for reversion over
the subsequent 12-week period of the OLTP (i.e.< 45
headache days over both 12-week periods). Long-term
persistent reversion to EM over 64 weeks of treatment
was defined as reversion over each of the following: the
12-week period of the DBTP, the first 12-week period

of the OLTP, and over the combined three 4-week
periods of the OLTP (weeks 21–24, 37–40, and 49–52;
i.e. <45 headache days over the combined 12-week
period).

Delayed reversion to EM was defined as patients
treated with erenumab who continued to have CM
after 12 weeks of treatment at the end of the DBTP,
but subsequently met the criteria for reversion after
continuing erenumab treatment through the first 12
weeks of the OLTP. Delayed long-term reversion to
EM over 52 weeks for those with delayed reversion
was defined as reversion over the first 12 weeks of the
OLTP and over the combined three 4-week periods of
the OLTP during weeks 21–24, 37–40, and 49–52.
Long-term reversion over 52 weeks includes completers
with reversion during each assessment period of the
OLTP (the first 12-week period, and the combined
three 4-week periods) regardless of their reversion
status at the end of the DBTP.

Statistical analyses

These post-hoc analyses were primarily descriptive,
with dichotomous variables reported as counts and
percentages (95% CI). Demographic data were pre-
sented as mean (SD). The reversion analyses during
the DBTP and OLTP were based on headache diary
data. Missing diary data were handled using proration
approach; monthly headache days and monthly
migraine days were calculated if patients completed
�50% of their daily diary reporting each month. If
patients had completed <50% of daily diary reporting,
monthly headache days and monthly migraine days
were set as missing. Reversion outcomes were only
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Figure 1. Study design.
*Following a protocol amendment, patients who had not yet reached week 28 had their dose increased to 140 mg.

8 Cephalalgia 41(1)



assessed for patients who had non-missing monthly

headache days in each month during the 12-week peri-

ods. For the monthly and overall reversion analyses

during the 12-week DBTP, adjusted odds ratios, 95%

confidence intervals, and associated p-values were

obtained from a Cochran-Mantel-Haenszel test strati-

fied by region (North America vs. Others) and medica-

tion overuse status after missing data were imputed as

non-response. Nominal statistical significance was

determined when p< 0.05 without adjustment for mul-

tiplicity. The reversion analyses during the OLTP were

descriptive only. Outcomes at weeks 40 and 52 of the

OLTP were analysed by the last dose received because

patients who switched dose from erenumab 70mg to

140mg at or prior to week 28 would have achieved

steady state with erenumab 140mg by week 40 and

received at least 24 weeks of erenumab 140mg by

week 52. Statistical analyses were performed using

SAS version 9.3 (SAS Institute, Cary, NC, USA).

Results

Patient disposition

The post-hoc analysis included 656 subjects from the

previously reported randomized, 12-week, double-

blind, placebo-controlled parent trial of patients with

CM (20). Overall, 637 patients (97.1%) completed the

DBTP (20). Of these, 609 patients entered the 52-week

OLTP: 549 patients started on erenumab 70mg, and 60

started on erenumab 140mg. Of the patients who
started on erenumab 70mg, 199 switched to erenumab
140mg at the week 28 visit or earlier. During the
OLTP, 139 patients (22.8%) discontinued treatment.
The most common reasons for discontinuation were
patient request (n¼ 64, 10.5%) and lack of efficacy
(n¼ 39, 6.4%). Of the 609 patients enrolled in the 52-
week OLTP, 351 (57.6%) patients had received erenu-
mab 70mg (n¼ 175) or 140mg (n¼ 176) in the DBTP.

Reversion to EM in the DBTP

The proportion achieving monthly reversion to EM
assessed during weeks 1–4 of the DBTP in those receiv-
ing placebo, erenumab 70mg, and erenumab 140mg
were 29.9%, 44.7% and 43.3%, respectively (Figure
2); odds ratio (OR) versus placebo were 1.9 (95% CI:
1.3–2.9) for erenumab 70mg and 1.8 (95% CI: 1.2–2.6)
for erenumab 140mg. Monthly reversion rates to EM
during weeks 5–8 were 35.2%, 53.2%, and 56.1%,
respectively (OR vs. placebo of 2.1 [95% CI: 1.5–3.1]
and 2.4 [95% CI: 1.6–3.5], respectively), and those
during weeks 9–12 were 37.7%, 51.6%, and 55.6%
respectively (OR vs. placebo of 1.8 [95% CI: 1.2–2.6]
and 2.1 [95% CI: 1.4–3.1], respectively). Aligning with
the findings of the primary analysis, monthly reversion
rates to EM were statistically higher in the erenumab
groups compared with the placebo group at each
monthly assessment period.

Twelve weeks may be a more relevant period for
assessment of reversion from CM to EM, because

Table 1. Overview of definitions used for reversion from CM to EM.

Requirement for

eligibility to achieve

this endpoint

Time period assessed

(study phase)

Criteria for reversion from

CM to EM

Monthly reversion None Any 4-week period* <15 headache days

Reversion None Weeks 1–12 (DBTP*) <45 headache days

Persistent reversion Reversion in DBTP Weeks 1–12 (OLTP†;‡) <45 headache days

Long-term persistent reversion Persistent reversion Weeks 21–24, 37–40, and

49–52 (OLTP†,§)

<45 headache days over the

combined assessment

periods

Delayed reversion No reversion in DBTP Weeks 1–12 (OLTP†,‡) <45 headache days

Delayed long-term reversion Delayed reversion Weeks 21–24, 37–40, and

49–52 (OLTP†,§)

<45 headache days over the

combined three 4-week

assessment periods

Long-term reversion None Weeks 1–12‡, 21–24; 37–

40, and 49–52§ (OLTP†)

<45 headache days over

weeks 1–12 and over the

combined three 4-week

assessment periods

CM: chronic migraine; DBTP: double-blind treatment phase; OLTP: open-label treatment phase.

*Missing data imputed as non-response.
†Assessed only in patients who received erenumab during the DBTP and had complete monthly headache day data for all applicable assessment

periods.
‡Weeks 13–24 of erenumab treatment.
§Note week 52 of the OLTP is week 64 of erenumab treatment.
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monthly fluctuations in headache frequency may not

represent a meaningful treatment-related categorical

change (8). Among patients receiving placebo, erenu-

mab 70mg, and erenumab 140mg, 35.2%, 53.9% and

52.2%, respectively, attained reversion to EM over

weeks 1–12 of the DBTP. Treatment with either erenu-

mab dose was associated with increased likelihood of

reversion to EM compared with placebo; OR versus

placebo were 2.2 (95% CI: 1.5–3.2) for erenumab

70mg and 2.1 (95% CI: 1.4–3.0) for erenumab

140mg. Across all erenumab recipients, 190/358

(53.1% [95% CI: 47.8–58.3]) achieved reversion to

EM (Figure 2).
Some baseline demographic and clinical features of

patients who attained reversion from CM to EM over

weeks 1–12 of the DBTP differed from those of patients

who remained in CM over the same period (Table 2).

For example, patients that reverted from CM to EM

over 12 weeks of the DBTP had fewer baseline monthly

headache days and MMDs, and less prior failure of

migraine preventive treatment(s), compared with

those who remained in CM. The number of monthly

acute migraine-specific medication days at baseline was

similar in EM reverters versus non-reverters.

Reversion to EM in the OLTP

In patients who received erenumab in the OLTP follow-

ing either placebo or erenumab during the DBTP, month-

ly reversion from CM to EM occurred in 359/560 (64.1%

[95% CI: 60.0–68.1]) of patients during weeks 9–12, 327/

481 (68.0% [95% CI: 63.6–72.1]) during weeks 21–24,

296/430 (68.8% [95% CI: 64.2–73.2]) during weeks

37–40 and 276/383 (72.1% [95% CI: 67.3–76.5]) during
weeks 49–52 of the OLTP.

Among the 284 patients treated with erenumab for
at least 24 weeks since the beginning of the DBTP (i.e.

during the DBTP and for the first 12 weeks of the
OLTP) and having complete monthly headache day
data, 154/284 (54.2% [95% CI: 48.2–60.1]) achieved

reversion to EM over the 12 weeks of the DBTP. Of
those with EM reversion over the DBTP, persistent

reversion to EM occurred in 144/154 (93.5%
[95% CI: 88.4–96.8]), as assessed over weeks 1–12 of
the OLTP.

Of the 181 patients treated with erenumab for the
entire 64 weeks (i.e. during the DBTP and the entire

OLTP), 98/181 (54.1% [95% CI: 46.6–61.6]) had rever-
sion from CM to EM as assessed over weeks 1–12 of
the DBTP. Of those 98 patients, persistent EM rever-

sion over weeks 1–12 of the OLTP (i.e. after 24 weeks
of treatment) occurred in 95/98 (96.9% [95% CI: 91.3–

99.4]), and of those long-term persistent EM reversion
through the last three 4-week assessment periods com-
bined (i.e.< 45 headache days over weeks 21–24, weeks

37–40 and weeks 49–52) of the OLTP (i.e. after 64
weeks of treatment) occurred in 92/95 (96.8% [95%
CI: 91.1–99.3]; Figure 3).

Analysis of the 284 patients who completed 24

weeks of erenumab (i.e. the DBTP and through the
first 12 weeks of the OLTP) demonstrated that 130/
284 of patients (45.8%) remained in CM over the

DBTP; of those, 45/130 (34.6% [95% CI: 26.5–43.5])
had delayed reversion to EM after continuing erenu-
mab over the first 12 weeks of the OLTP. Based on the

completer analysis (i.e. all patients who completed the
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54.1%
(98/181)

45.9%
(83/181)

96.9%
(95/98)

43.4%
(36/83)

96.8%
(92/95)
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(over 24 weeks)
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(after 24 weeks)

Delayed 
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Figure 3. Classification of attaining reversion from chronic migraine to episodic migraine (i.e.< 45 headache days per 12 weeks)
during the OLTP in patients treated with erenumab who had reversion to episodic migraine at week 12 of the DBTP and who had
complete monthly headache day data for the entire study period.
DBTP: double-blind treatment phase; OLTP: open-label treatment phase.
*After 24 weeks of erenumab treatment.
†After 64 weeks of erenumab treatment.

Table 2. Baseline demographics and clinical characteristics of CM patients by reversion status after the 12-week, double-blind
treatment phase.

Patients with reversion in

the DBTP (reverters)*

Patients remaining in CM in

the DBTP (non-reverters)†

Placebo

(n¼ 93)

Erenumab

70 mg (n¼ 96)

Erenumab

140 mg (n¼ 94) Placebo (n¼ 171)

Erenumab

70 mg (n¼ 82)

Erenumab

140 mg (n¼ 86)

Age, years

Mean (SD) 41.8 (11.9) 41.6 (10.5) 44.2 (11.1) 42.2 (11.2) 41.5 (12.2) 41.9 (10.9)

Min, max 20, 66 18, 62 18, 64 18, 64 18, 64 19, 64

Sex, n (%)

Female 74 (79.6) 84 (87.5) 78 (83.0) 139 (81.3) 72 (87.8) 77 (89.5)

Ethnicity, n (%)

White 86 (92.5) 87 (90.6) 90 (95.7) 162 (94.7) 78 (95.1) 84 (97.7)

Black or African American 5 (5.4) 6 (6.3) 4 (4.3) 4 (2.3) 2 (2.4) 2 (2.3)

Asian 1 (1.1) 2 (2.1) 0 (0.0) 3 (1.8) 2 (2.4) 0

Other‡ 1 (1.1) 1 (1.0) 0 2 (1.2) 0 0

Monthly headache days, mean (SD) 19.0 (2.8) 18.5 (2.7) 19.5 (3.2) 22.5 (3.7) 23.1 (3.3) 22.1 (3.8)

Monthly migraine days, mean (SD) 16.2 (3.6) 16.2 (3.3) 16.5 (4.2) 19.5 (4.7) 20.1 (4.4) 19.2 (4.9)

Monthly acute migraine-specific

medication days, mean (SD)

8.5 (5.9) 8.8 (7.1) 10.3 (6.5) 10.0 (8.2) 9.0 (7.4) 9.5 (7.5)

Prior migraine preventive

treatment failure, n (%)

56 (60.2) 59 (61.5) 63 (67.0) 129 (75.4) 58 (70.7) 60 (69.8)

CM: chronic migraine; DBTP: double-blind treatment phase.

*For the DBTP, patients with reversion from CM to EM were defined as patients with< 45 headache days over the 12-week period.
†For the DBTP, patients remaining in CM were defined as patients with � 45 headache days or patients with any missing monthly headache day data

over the 12-week period.
‡Included American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, individuals of multiple ethnic origins, and Other.
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DBTP and OLTP), of the 83/181 patients (45.9% [95%

CI: 38.4–53.4]) who remained in CM over the 12 weeks

of the DBTP, 36/83 (43.4% [95% CI: 32.5–54.7]) had

delayed reversion to EM over the first 12 weeks of the

OLTP. Of those who had delayed reversion, 28/36

(77.8% [95% CI: 60.9–89.9]) remained in EM reversion

through the 52-week OLTP (delayed long-term EM

reversion) as assessed by the combined last three 4-

week assessment periods of the OLTP. Regardless of

their reversion status at the end of the DBTP, among

all patients who received erenumab for 64 weeks and

had complete monthly headache day data during both

DBTP and OLTP, 120/181 (66.3% [95% CI: 58.9–

73.1]) remained as EM reverters through the 52-week

OLTP as assessed over weeks 1–12 of the OLTP and

over the combined last three 4-week assessment periods

of the OLTP (long-term EM reversion).
Based on the last dose of erenumab received among

completers during the OLTP, higher monthly reversion

to EM was achieved in patients receiving erenumab

140mg versus those receiving erenumab 70mg.

Monthly EM reversion rates were 75.9% (95% CI:

69.2–81.9) for erenumab 140mg and 64.5% (95% CI:

57.9–70.7) for the 70-mg dose at week 40 (i.e. during

weeks 37–40 of the OLTP); and 75.8% (95% CI: 68.5–

82.1) versus 69.2% (95% CI: 62.5–75.3), respectively,

at week 52 (i.e. during weeks 49–52 of the OLTP;

Figure 4).

Discussion

In the primary analysis of a pivotal placebo-controlled

trial of erenumab in patients with CM, the percentage

of patients achieving at least a 50% reduction in

MMDs was significantly higher for erenumab 70mg

(39.9%) and erenumab 140mg (41.2%) than for

placebo (23.5%), as was the mean reduction in monthly
migraine days (erenumab 70mg and 140mg: both �6.6
days; placebo: �4.2 days) (20). In the present post-hoc
analysis of this trial, the rates of categorical reversion
from CM to EM (i.e. headache frequency reduced to
<45 headache days over 12 weeks) over the 12-week
DBTP were slightly higher than the 50% responder
rates. Nonetheless, as observed with 50% responder
rates, rates of categorical reversion to EM for erenu-
mab 70mg (53.9%) and erenumab 140mg (52.2%)
were significantly higher than that for placebo
(35.2%). A comparison of baseline characteristics sug-
gested several potential differences between reverters
and non-reverters in the DBTP. Consistent with previ-
ous findings (12), patients with reversion to EM had
fewer monthly headache days compared with non-
reverters at baseline, supporting that those with base-
line headache frequency closer to the categorical
boundary (i.e. <15 headache days per month) were
more likely to fall below the boundary on follow-up.
This finding is also consistent with studies that showed
an association between progression from EM to CM
and the number of monthly headache days at baseline
(12,14). Others have reported that reversion from CM
to EM is associated with less frequent acute medication
overuse and conversely that preventive medication use
is associated with remaining in CM (12,14). This may
result from confounding by indication; since a minority
of patients with migraine receive preventive treatment,
factors associated with the decision to offer preventive
treatment may also be associated with a lower rever-
sion rate from CM to EM. In this analysis, patients
who had reversion to EM were less likely to have expe-
rienced a failure of other preventive medications.

Reversion to EM with erenumab was sustained
through 1 year in the OLTP. Of patients who attained
EM reversion through the first 12 weeks of treatment
on erenumab, and who continued on treatment during
the OLTP for 52 weeks (i.e. 64 weeks of total treat-
ment), 96.9% achieved persistent EM reversion over
24 weeks and of those, 96.8% achieved long-term per-
sistent EM reversion over 64 weeks. This indicates that
the achievement of early reversion to EM is often sus-
tained with long-term treatment. Further, patients
achieving persistent EM reversion over 24 weeks had
a mean (SD) reduction in MMDs from parent study
baseline of 10.3 (4.6) days, and those achieving long-
term persistent EM reversion over 64 weeks had a
mean (SD) reduction in MMDs from parent study
baseline of 11.4 (4.7) days, indicating that the reversion
to EM was associated with a substantial reduction in
monthly migraine days.

Importantly, we also found that among study com-
pleters who remained in CM after the initial 12 weeks
of therapy (those who did not achieve reversion to EM
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in the DBTP), 43.4% attained delayed reversion to EM
over the next 12 weeks of therapy. When all patients
completing the first 12 weeks of treatment of the OLTP
were considered, 34.6% of those remaining in CM over
the DBTP attained delayed reversion. We cannot know
what would have happened to the patients who did not
revert to EM during the 12 weeks of the DBTP and
subsequently discontinued erenumab treatment during
the OLTP. However, it seems probable that those who
did not experience headache frequency reduction with
erenumab would be more likely to discontinue treat-
ment; if so, these may be over-estimates of the rate of
delayed EM reversion. Similarly, others have reported
a reduction in headache days to <15 days per month
after a second onabotulinumtoxinA treatment cycle in
a real-world analysis (22) and in a post-hoc analysis of
pooled data from the PREEMPT clinical trials; these
studies evaluated the efficacy of onabotulinumtoxinA
in chronic migraine (23).

Given the natural fluctuation in headache days over
time (8), in the current report we determined whether
patients who attained delayed reversion to EM
remained as EM with treatment through the remainder
of the OLTP. A total of 77.8% of those patients who
had delayed reversion remained as EM reverters, sug-
gesting that the delayed reversion to EM may
have been due to effective drug treatment rather
than natural fluctuation. Similarly, in patients who
did not respond to a first treatment cycle of
onabotulinumtoxinA, reversion rates from CM to
EM (<15 headache days per month) after four cycles
of onabotulinumtoxinA treatment were 54% at 12
months, and 66% at 15 months (22). Discontinuing
erenumab in patients with CM who do not revert
over 12 weeks may deprive patients of benefits that
develop with delay. Ultimately, it would be useful to
develop decision rules for stopping or continuing ere-
numab and other monoclonal antibodies after a 12-
week trial. Treatment would be continued in those
with clear benefit and in those likely to develop benefits
and discontinued in those for whom a clinically mean-
ingful benefit is unlikely.

Regardless of the initial status after 12 weeks of
treatment, 66.3% of all completers receiving erenumab
throughout the 64-week treatment period had a long-
term reversion to EM throughout the assessment peri-
ods of the OLTP. Preliminary reports indicate that sim-
ilar results may be observed with both galcanezumab
and fremanezumab treatment of patients with CM
after 12 months, with 65.1% and 67.4% of patients,
respectively, reverting to <15 headache days per
month in those receiving treatment for the entire 12-
month period (24,25). In our study, numerically more
patients who had received erenumab 140mg for �24
weeks at the end of the OLTP attained reversion to EM

at week 52 (75.8%) than those who received erenumab
70mg (69.2%).

Limitations

The pivotal double-blind trial on which this post-hoc
analysis was based has previously been acknowledged
as a high-quality trial with a low risk of bias (26).
However, the OLTP study was not blinded, did not
have a placebo-control group, and patients were not
re-randomized to the 70mg or 140mg dose, potential-
ly introducing bias and limiting the ability to compare
outcomes between dose groups. In addition, attrition
is inevitable in long-term studies and may have an
impact on the overall outcomes. As discussed in pre-
vious reports of the double-blind trial, patients with
comorbidities such as fibromyalgia and poorly con-
trolled hypertension were not eligible for enrolment
in the double-blind trial, and were therefore not
included in the OLTP study, limiting the generaliz-
ability of the study results to the broader migraine
population (20).

Further, this was a post-hoc analysis, and as such,
results should be interpreted cautiously. Dose-specific
CM to EM reversion rates and efficacy data were based
on 4-week headache day data and may not be repre-
sentative of outcomes based on 12-week headache day
data. This analysis assessed reversion to EM based on a
categorical classification (i.e. <15 headache days per
month, or <45 headache days per 12 weeks) based on
the current International Classification of Headache
Disorders, 3rd edition (ICHD-3) definitions (3). The
<45 headache days per 12 weeks definition was used
to identify those patients who, on average, had <15
headache days per month in the 3-month period
assessed (which was not continuous), and these patients
were categorized as having attained reversion to EM. It
is acknowledged that patients could potentially meet
the definition of EM reversion (e.g. 44 headache days
over 12 weeks) and have �15 headache days per month
for 2 of the 3 months being assessed (e.g. 13 headache
days in month 1, 15 headache days in month 2, 16
headache days in month 3). Further, patients with a
baseline headache frequency close to the categorical
boundary (i.e. �15 headache days/month) could be
classified as attaining reversion from CM to EM with
only a small reduction in headache days. However,
patients reverting to EM had a mean reduction in head-
ache days from a baseline of> 10 days/month, suggest-
ing the change was clinically meaningful. Categorical
change of EM to CM or CM to EM is just one
approach that can be used to assess the benefit of treat-
ment. While this approach is clinically intuitive and
linked to diagnostic criteria, it is in a sense crude as it
takes into account just two possible categorical states.
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Continuous variable change is more consistent with
clinical reality and has higher statistical power but,
since migraine research, regulatory decisions, and the
headache literature have all used categorical changes
for EM and CM, this approach was adopted in this
analysis. Other types of categorical changes in head-
ache frequency or even composite endpoints may be
considered for future analyses.

Finally, in patients with CM and a high frequency of
headache days per month, the relative change in head-
ache or migraine days from baseline, or a �50% reduc-
tion in headache or migraine days from baseline, could
have been considered as an alternative approach to
assess the efficacy of preventive treatment(s) (27).
Using this approach, other investigators have previous-
ly demonstrated the efficacy of erenumab over
12 weeks and up to 64 weeks (18,19,28).
Notwithstanding these limitations, erenumab treat-
ment appears to result in a provisional long-term rever-
sion from CM to EM over a 64-week period, with
erenumab 140mg having numerically greater efficacy
than the 70mg dose.

Conclusions

A post-hoc analysis of a double-blind, placebo-
controlled trial and the open-label extension demon-
strated that monthly treatment with erenumab 70mg
or 140mg reduced migraine frequency with reversion
from CM to EM in more than 50% of patients at the
end of the 12-week DBTP. Of those completers who
attained reversion to EM at the end of the DBTP, more
than 95% had persistent reversion over 24 weeks and
more than 90% experienced long-term persistent rever-
sion over a 52-week OLTP for a total of 64 weeks of
treatment. Delayed reversion to EM was also common,
with more than 40% of initial non-reverters (i.e. those
remaining in CM after 12 weeks of the DBTP) attain-
ing delayed reversion to EM with continued treatment
24 weeks after starting erenumab. Overall, 66% of
patients completing 64 weeks of treatment with erenu-
mab attained reversion and remained as EM through-
out the OLTP of the study.

Clinical implications

• Categorical reversion from chronic migraine (CM) to episodic migraine (EM) is an important treatment
goal in patients with chronic migraine.

• Treatment with erenumab 70mg and 140mg monthly is associated with greater rates of reversion than
placebo after 12 weeks; reversion rates up to 64 weeks are higher in those receiving erenumab 140mg versus
those receiving the 70mg dose.

• Of patients who attained reversion to EM after 12 weeks and who completed the study, 94% remained as
EM with ongoing treatment for up to 64 weeks.

• More than 40% of patients who were classified as having CM in the first 12 weeks may attain delayed
reversion to EM after a total of 24 weeks ongoing treatment.

• Overall, approximately two-thirds of patients with CM receiving erenumab are likely to attain reversion to
EM and persist in this state after 64 weeks of treatment.
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