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Abstract
Background  Efficacy and safety of human monoclonal antibody erenumab used for migraine prophylaxis have been 
shown in clinical studies. APOLLON is an open-label, multi-center, single arm study, which permits dose adjustments 
of erenumab and includes an option for a drug holiday. The findings contribute to the accumulating long-term 
evidence regarding erenumab’s tolerability and safety profile in individuals experiencing episodic and chronic 
migraines.

Methods  The study population consisted of adult patients with episodic or chronic migraine, who had successfully 
completed the HER-MES study (NCT03828539). Patients were treated with erenumab for 128 weeks at a flexible 
dose of either 70 mg or 140 mg. Treatment discontinuation attempts were allowed as voluntary single treatment 
interruption (‘drug holiday’) of up to 24 weeks.

Results  701 patients were enrolled in APOLLON. The exposure associated incidence rate (EAIR) of adverse events 
(AEs) (N = 601) per 100 subject years was 101.71 (95% CI [92.28; 111.14]) meaning a patient could expect having about 
one adverse event per each year of treatment. EAIR was higher in females (n = 524, EAIR: 104.40, 95% CI [93.93; 114.86]) 
than in males (n = 77, EAIR: 86.55, 95% CI [65.39; 107.71]) and increased with initial monthly migraine days (MMD) and 
prior prophylactic treatment failures. A total of 155 patients discontinued erenumab treatment during open-label 
treatment phase. Of these, 29 were due to AEs (4.1% of total cohort) and out of these 65.5% (N = 19) were considered 
treatment-related. Safety parameters were in line with HER-MES data and did not reveal new safety signals. Drug 
holidays were realized by 108 patients (15.4%), of which 64.8% (N = 70) returned to treatment. The mean number of 
monthly headache days (MHDs), MMDs, and days with acute headache medication significantly increased during 
drug holiday. After resumption of erenumab treatment, a rapid reduction of the migraine parameters was observed.

Conclusions  APOLLON provides long-term safety and tolerability data confirming the beneficial safety profile of 
erenumab over a period of 128 weeks. In addition, reversibility of migraine deterioration during drug holiday was 
shown and most patients returned to their treatment with similar response rates compared to initial treatment.
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Background
Migraine is a neurological disorder that severely affects 
everyday life and is aggravated by comorbidities such as 
depression and cardiovascular diseases. The one-year 
prevalence of migraine in Germany is estimated to be 
15% in women and 6% in men [1]. Patients now have 
access to a variety of therapies, and recently, specific pre-
ventive therapy targeting calcitonin gene-related peptide 
(CGRP) pathway has also become available. However, a 
real-world observational study enrolling patients with 
episodic (EM) and chronic migraine (CM) found, that 
the majority of participants, although suffering from an 
average of 9 migraine days per month, was naïve to pre-
ventive treatment, indicating the underuse of therapeutic 
options [2]. Another important finding of this study was 
that tolerability is a major factor to preventive treatment 
continuation and adherence. Many patients who used 
preventive therapy either discontinued within 6 months 
or changed dosing schemes and intervals on their own, 
mainly due to side effects [2].

With erenumab, an antibody targeting the CGRP recep-
tor, that was introduced in 2018, an effective and well-
tolerated preventive option is available [3–5] and could 
further improve preventive care for migraine patients. 
Recently the randomized controlled trial HER-MES com-
pared the efficacy of erenumab to that of topiramate, 
a standard of care oral preventive drug. In this patient-
centered setting, significantly more patients achieved 
a ≥ 50% reduction in monthly migraine days (MMD) from 
baseline with erenumab, which demonstrated a favorable 
tolerability and efficacy profile compared to topiramate 
[6]. Consequently, the updated guideline of the European 
Headache Federation recommends erenumab over topi-
ramate as preventive treatment in individuals with EM 
or CM due to better tolerability. In addition, the guide-
line suggests that monoclonal antibodies targeting the 
CGRP pathway should be considered a first-line treat-
ment option for migraine patients who require preven-
tive treatment [7].

In the absence of a clear dose-dependent safety signal 
and a comparable overall efficacy trend between 70  mg 
and 140 mg erenumab [3], both dose groups are consid-
ered to offer a positive benefit-risk ratio for the chosen 
migraine patient population. As efficacy of 140  mg ere-
numab was proven in patients with ≥ 2 prior preventive 
migraine treatment failures [4, 8], certain patients might 
obtain an additional benefit from this dose [12]. Cumu-
lating evidence supports the recommendation of 140 mg 

erenumab as starting dose for difficult-to-treat patients 
that benefit from the therapeutical gain with concur-
rently lacking a therapeutic penalty [9]. CGRP targeting 
in migraine represents a new and specific approach in 
migraine therapy. During the 5-year open-label treatment 
period of a Phase 2 EM prevention study, no increase in 
adverse events and no new safety signals over 5 years 
of exposure were observed [14]. But long-term data on 
safety and tolerability in a large group of patients is still 
accumulating. This also applies to pausing of treatment, 
which is recommended in the updated guideline of the 
European Headache Federation: in individuals with EM 
or CM a discontinuation attempt in the treatment with 
monoclonal antibodies targeting the CGRP pathway after 
12–18 months of continuous treatment should be consid-
ered. However, in case of migraine worsening upon drug 
holiday, restarting of the treatment is suggested [7].

The objective of APOLLON was to evaluate long-term 
safety of erenumab in patients with EM and CM, allowing 
for both dose adjustment and an optional drug holiday.

Methods
APOLLON was an open-label, multi-center, single arm 
study conducted in Germany (79 study sites). Adult 
patients with a documented history of episodic (4 − 14 
baseline migraine days) or chronic migraine (≥ 15 baseline 
headache days) who had been successfully randomized to 
and completed the clinical trial HER-MES (https://clini-
caltrials.gov/ct2/show/NCT03828539) were eligible for 
participation. In order to implement the recommenda-
tion of the health technology assessment (HTA) body to 
include a full migraine population in the trial, a protocol 
amendment permitted patients with chronic migraine 
to be enrolled. At this time, the majority of patients of 
the total study population had already been enrolled, all 
of them patients with episodic migraine. Patients could 
be enrolled to APOLLON from two weeks until three 
months after their end of study visit in HER-MES. With 
entering the APOLLON study, participants and doctors 
were still blinded for previous treatment in HER-MES. 
Patients were eligible if they had not received prior pro-
phylactic migraine treatment (naïve) or, due to lack of 
efficacy or tolerability, had failed or had not been suitable 
for up to three previous prophylactic treatments from the 
following: Metoprolol/propranolol, amitriptyline, and 
flunarizine. Furthermore, patients were excluded if they 
had a history of cluster headache or hemiplegic migraine, 
or were unable to differentiate migraine from other 

Trial registration  ClinicalTrials.gov ID: NCT04084314 (https://clinicaltrials.gov/study/NCT04084314), First submitted: 
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headaches. The use of any medication for migraine pro-
phylaxis within five half-lives, or a device or a procedure 
within 1 month prior to the start of the baseline phase 
and during the study, was prohibited. APOLLON con-
sisted of a 2-week screening period, followed by an open-
label phase with erenumab treatment of 128 weeks and a 
follow-up safety monitoring (4 weeks) (Fig. 1).

Patients received erenumab subcutaneously at a dose of 
either 70 mg or 140 mg every 4 weeks. At study start, the 
patients were assigned to the latest administered dose in 
the HER-MES trial regardless of verum or placebo. Dur-
ing the open-label treatment phase, it was at the discre-
tion of the treating physician to change the erenumab 
dose at each planned visit from 70 mg to 140 mg or vice 
versa. Voluntarily, a single treatment interruption (drug 
holiday) of up to 24 weeks could be initiated after at least 
12 weeks of treatment (Fig. 1).

Study endpoints
The primary endpoint was to evaluate the long-term 
safety of 70  mg and 140  mg erenumab in patients with 
EM or CM assessed by the exposure adjusted incidence 
rate (EAIR) of adverse events (AEs) during the open-label 
treatment phase per 100 subject years. The secondary 
endpoint was the evaluation of the proportion of patients 
discontinuing the open-label treatment phase due to AEs 
and due to non-AE reasons.

Further exploratory endpoints comprised the evalu-
ation of patient satisfaction and quality of Life (QoL) 
outcome parameters via Treatment Satisfaction Ques-
tionnaire for Medication (TSQM VER II) as well as 
Headache Impact Test (HIT-6) questionnaire, both 
at week 1, 24, 48, 72, 96, 120, and 128. The domains 
assessed by TSQM-II include effectiveness, side effects, 
convenience, and global satisfaction, where every domain 
is scored 0 − 100. Higher scores indicate higher satisfac-
tion [10]. HIT-6 is a short-form questionnaire based on 
the internet-HIT question pool [11]. For each HIT-6 
item, 6, 8, 10, 11, or 13 points, respectively, are assigned 

to the response provided and summed to produce a total 
HIT-6 score that ranges from 36 to 78. HIT-6 scores of 
≤ 49 represent little or no impact, of 50 − 55 some impact, 
of 56 − 59 substantial impact, and of 60 − 78 severe impact 
due to headache.

Subgroup analysis of patients with planned drug holiday
Furthermore, the effect of erenumab drug holiday on 
safety, tolerability and QoL was evaluated. Proportion of 
patients with drug holiday, time until treatment interrup-
tion, duration of treatment interruption as well as pro-
portion of patients returning to treatment scheme after 
treatment interruption were assessed. Patients with drug 
holiday documented MMD and monthly headache days 
(MHD) in a headache diary in the 4 weeks before, during 
and 12 weeks after the drug holiday.

A significant deterioration in MMD or MHD was 
defined as an increase in days during the drug holiday of 
≥ 30% compared to the number of days in the period of 
4 weeks before the drug holiday (the worst value during 
the drug holiday was used for comparison). A significant 
improvement after treatment resumption was defined 
as a decrease in days during the drug holiday of ≥ 30% 
within 12 weeks after the drug holiday compared to the 
number of days during the drug holiday (the mean value 
during the drug holiday and the best value after the drug 
holiday are used for comparison). For longitudinal com-
parisons, only patients with at least one monthly interval 
(with ≥ 14 documented diary days each) during drug holi-
day initiation and during drug holiday were included in 
the analysis.

Data analysis
Statistical analysis
Categorical data are presented as frequencies and per-
centages. In general, missing values were not considered 
for calculation of percentages (i.e., adjusted percentages 
are calculated), if not otherwise specified.

Fig. 1  Study design. *Drug holiday of up to 24 weeks could be initiated after at least 12 weeks of treatment
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For continuous data, mean, standard deviation, 
median, minimum, and maximum were presented.

Analyses on the primary endpoint were based on the 
Safety Analysis Set (SAF, all patients who received at least 
one dose of study treatment in the open-label treatment 
phase, N = 701).

The primary endpoint variable EAIR of AEs during the 
open-label treatment phase per 100 patient years was cal-
culated by dividing the number of AEs by the time under 
treatment and standardizing it per 100 patient-years. 
Exact Pearson-Clopper confidence intervals for single 
proportions were calculated to evaluate the precision of 
the estimated parameter. No formal hypotheses testing 
was conducted. Missing data were not imputed for the 
primary endpoint.

The secondary endpoints, proportion of patients dis-
continuing open-label treatment phase due to AE and 
proportion of patients discontinuing open-label treat-
ment phase due to reasons other than AEs were descrip-
tively analyzed based on the SAF.

Analysis of exploratory efficacy endpoints utilized the 
Full Analysis Set (FAS, equivalent to SAF, N = 701).

Demographics and other baseline characteristics have 
been collected for all patients, including: age, sex, race, 
relevant medical history/current medical condition pres-
ent before signing informed consent for trial HER-MES. 
These data from HER-MES trial will also be included in 
the analyses for APOLLON.

Results
In the preceding HER-MES study, 777 patients were ran-
domized to either receive erenumab (N = 389) or topira-
mate (N = 388) [6]. Of these, a total of 701 patients were 
enrolled in the APOLLON study. Patients had a mean age 
of 41.8 years and a female representation of 86.7%. Aver-
age duration of the disease to date was 22 years and in 
66% of the patients, aura was present. On average, par-
ticipants had 10.4 MMD and the majority of patients 
(67.1%) had 8 − 14 MMD. Most of the patients had expe-
rience with acute migraine medication (81.6%), however, 
more than half of the participants (57.9%) were naïve to 
prophylactic treatment. Of those with prior prophylac-
tic medication (N = 294), the majority had one treatment 
failure (31.4% of all participants; two treatment failures: 
9.3%; three treatment failures: 1.3%) (Table  1; demo-
graphics and other baseline characteristics have been col-
lected during the HER-MES study).

Two thirds of patients started treatment with 140  mg 
erenumab (66.2%; 70  mg start dose: 33.8%). Over the 
course of the study, dose increases from 70 to 140  mg 
were documented for approximately 20% of patients, 
mainly due to insufficient response as deemed by phy-
sician and/or patient, while dose reductions from 140 
to 70  mg were documented for about 6% of patients. 
The average duration of exposure to erenumab was 
109.9 ± 35.3 weeks excluding drug holiday with about 
70% of patients receiving between 31 and 33 doses of ere-
numab and a further 10% receiving 26 to 30 doses (data 
not shown).

Primary safety endpoint – exposure-adjusted incidence 
rate (EAIR)
The EAIR of AEs during the open-label treatment phase 
per 100 subject years based on patients with at least one 
AE (N = 601) amounted to 101.71, 95% CI [92.28; 111.14]. 
This means a patient could expect to have about one 
adverse event per each year of treatment. The EAIR was 
higher in females (n = 524, EAIR: 104.40, 95% CI [93.93; 
114.86]) than in males (n = 77, EAIR: 86.55, 95% CI 
[65.39; 107.71]) and increased with the initial number of 
MMD as well as in patients with two or three prior pro-
phylactic treatment failures. There were no relevant dif-
ferences in EAIR between 70 mg and 140 mg erenumab 
starting doses (Table 2).

Secondary safety endpoint – treatment discontinuation 
due to AEs
A total of 155 patients discontinued erenumab treat-
ment during open-label treatment phase. In most cases, 
treatment discontinuations were not AE-related (N = 126, 
17.8%, Table  2). The primary reasons were lack of effi-
cacy (N = 45) and patient decision (N = 44). In 29 sub-
jects (4.1%) who discontinued erenumab treatment due 

Table 1  Patient baseline characteristics
Patients screened, N 702
Patients enrolled, N 701
Age, years ± SD 41.8 ± 12.3
Female, n (%) 608 (86.7)
Disease duration, years ± SD 22 ± 12
Aura present, n (%) 238 (34.0)
Monthly headache daysa, days ± SD 11.5 ± 4.1
Monthly migraine daysa, days ± SD 10.4 ± 3.8
Monthly migraine days categories
  4 − 7 monthly migraine days, n (%) 165 (23.5)
  8 − 14 monthly migraine days, n (%) 470 (67.0)
  ≥ 15 monthly migraine days, n (%) 65 (9.3)
Acute headache medication, n (%) 681 (97.1)
  Migraine specific medication, n (%) 572 (81.6)
  Non-migraine specific medication, n (%) 109 (15.5)
Prior prophylactic treatment failure statusb

  Naive 406 (57.9)
  Prior failure 294 (41.9)
    one treatment failed, n (%) 220 (31.4)
    two treatment failed, n (%) 65 (9.3)
    three treatment failed, n (%) 9 (1.3)
aNormalized to 28 days. bPrior treatment failure of propranolol/metoprolol, 
amitriptyline, flunarizine
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Table 2  Evaluation of safety (study endpoints and general safety)
n EAIR [CI]

EAIR of AEs during the open-label treatment phase per 100 subject years 601 101.71 [92.28; 111.14]
EAIR of AEs during open-label treatment phase/100 subject years/subgroup
Gender
  Female 524 104.40 [93.93; 114.86]
  Male 77 86.55 [65.39; 107.71]
Monthly migraine days (MMD)
  4 − 7 MMDs 143 95.92 [78.39; 113.45]
  8 − 14 MMDs 402 101.11 [89.59; 112.64]
  ≥ 15 MMDs 55 124.98 [84.25; 165.71]
Starting dose
  70 mg 205 103.35 [86.34; 120.37]
  140 mg 396 100.88 [89.57; 112.19]
Prior prophylactic treatment failure status
  Naive 339 99.32 [86.81; 111.83]
  Prior prophylactic treatment failure (1 − 3 treatments) 262 104.98 [90.64; 119.31]
    1 treatment failed 193 98.30 [83.25; 113.34]
    2 treatments failed 59 125.38 [84.64; 166.12]
    3 treatments failed 9 151.49 [14.23; 288.75] 

Patients discontinuing open-label treatment phase* n = 155 N = 701
Reason for discontinuation n (%) N (%)
  Other (non-AE) 126 (81.3%) 126 (17.8%)
  AEs 29 (18.7%) 29 (4.1%)
General safety − TEAEs occurring during study (Safety Set) n (%)
Category# Total (N = 701), n (%)
  Any AE 601 (85.7%)
    70 mg Starting dose 205 (29.2%)
    140 mg starting dose 396 (56.5%)
  AE affecting ≥ 5% of the patients
    COVID-19 243 (34.7%)
    Nasopharyngitis 134 (19.1%)
    Constipation 103 (14.7%)
    Fatigue 61 (8.7%)
    Hypertension 47 (6.7%)
    Back pain 45 (6.4%)
    Migraine 45 (6.4%)
    Headache 43 (6.1%)
    Immunization reaction 43 (6.1%)
    Depression 40 (5.7%)
  Study treatment related AE 220 (31.4%)
  AE leading to study treatment discontinuation 37 (5.3%)
  AE leading to dose adjustment (including study treatment discontinuation) 73 (10.4%)
  Serious AE (SAE) 86 (12.3%)
    70 mg 28 (11.8%)
    140 mg 58 (12.5%)
  Study treatment related SAE 3 (0.4%)
  SAE leading to study treatment discontinuation 3 (0.4%)
  Deaths 0
*Derived from treatment completion page in eCRF (varies from separate AE documentation). #A patients with multiple occurrences of an AE was counted only once 
in the AE category. Events are shown that were either ongoing beyond the end of the trial CAMG334ADE01 (HER-MES) or started after. AEs include all, non-serious 
AEs and SAEs. AE: adverse event, EAIR: exposure-adjusted incidence rate, SAE: serious adverse event, TEAE: Treatment-emergent adverse event
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to AEs, the main reasons were diseases of the nervous 
system (incl. migraine) (N = 8), the gastrointestinal tract 
(incl. constipation) (N = 8), the skin and the subcutaneous 
tissue (N = 8), along with other system organ classes.

General safety − treatment-emergent adverse events 
(TEAE)
A total of 220 (31.4%) patients experienced AEs that were 
classified as treatment-related to erenumab (Table  2). 
Serious treatment-emergent AEs were observed in 3 
patients (0.4%), which comprised tachycardia (N = 1), 
spontaneous abortion (N = 1) and Raynaud’s phenom-
enon (N = 1). In 62% of the cases, where study treatment 
was discontinued due to AEs (N = 37), AEs were classi-
fied as treatment-emergent (N = 23). Over the course of 
the study, a total of 601 (85.7%) patients experienced AEs, 
with similar rates across erenumab starting doses. Most 
frequently, patients were affected by COVID-19 (n = 243, 
34.7%), nasopharyngitis (n = 134, 19.1%), constipation 
(n = 103, 14.7%), and fatigue (n = 61, 8.7%).

No dose effects were observed with regard to the 
occurrence of serious adverse events (SAEs). Both groups 
experienced similar rates of SAEs, affecting a total of 
86 patients (12.3%) corresponding to n = 28 (11.8%) 
patients with 70 mg dose and n = 58 (12.5%) patients with 
140 mg dose. Of all SAEs, only a small proportion were 

treatment-related (N = 3, 0.4%) or led to study discontinu-
ation (N = 3, 0.4%). No deaths were reported in the study 
(Table 2).

Quality of life (QoL)
Evaluation of QoL was assessed via HIT-6 and TSQM-
II scores. The HIT-6 score improved from a baseline 
mean score (SD) of 57.5 (7.3) points by 5.5 points after 
6 months of treatment (mean score [SD]: 51.9 [8.0]) with 
ongoing stabilization until the end of treatment (mean 
score [SD]: 52.1 [8.4]). Two months after the last dose of 
erenumab, mean HIT-6 scores slightly increased to 53.4 
[8.8] points (week 128).

In addition, the TSQM-II scores improved after 6 
months of erenumab treatment vs. baseline for a mean of 
10.2 points regarding convenience, 15.4 points regarding 
effectiveness, 16.7 points with respect to global satisfac-
tion, and 32.4 points regarding side effects. TSQM data 
remained stable or even improved until the end of the 
study, as in the case of efficacy (increase of 23.5 points vs. 
baseline) (Fig. 2).

Drug holiday
Only 108 patients (15.4%) interrupted the study treat-
ment due to drug holiday. Median time until drug holi-
day was 12.2 months1 [min. 3.0; max. 25.0] and median 

1 1 month = 28 days.

Fig. 2  Evaluation of Quality of Life (QoL). Evaluation was assessed via HIT-6 (A) and TSQM-II score (B) at baseline, after 6 months (M6) and after 30 months 
(Week 120). *According to the assessment schedule, during open-label treatment phase last erenumab dose was dispensed at Week 120. HIT-6: Headache 
Impact Test; SD: standard deviation; TSQM: Treatment Satisfaction Questionnaire for Medication
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duration of drug holiday was 89 days [min. 27; max. 743 
days]. Of these, 70 patients (64.8%) returned to study 
treatment erenumab after the drug holiday and the 
majority of patients (88.6%) returned to the dose received 
prior to the drug holiday. In a few cases (n = 3), the dose 
was decreased after return to study treatment erenumab 
(Table 3).

Furthermore, the influence of drug holiday on the 
MHD and MMD as well as on the need for acute medi-
cation was assessed. As summarized in Fig. 3, the mean 
number of MHD and MMD significantly increased dur-
ing drug holiday, especially in the first and in the second 
month, reaching a plateau in month 3 (mean difference 
of 2.8 MHD and 2.7 MMD in month 3 vs. initiation of 
drug holiday; Wilcoxon test P ≤ 0.0001) (Fig.  3, A − C). 
However, after resumption of erenumab treatment, a 
rapid reduction of MHD and MMD was observed with 
a return to values similar to those before the drug holi-
day. Analogously, days with acute headache medication 
increased by about two days during the drug holiday 
and upon erenumab re-uptake decreased to levels com-
parable to pre drug holiday (Fig.  3, A − C). Longitudinal 
analysis of individual patients was performed to assess 
individual improvement or worsening of disease (change 
in MMD or MHD of ≥ 30%). Only patients with at least 
one monthly interval with ≥ 14 diary days each during 
drug holiday initiation were included. Of the 56 patients 
with documented headache diary, N = 48 (85.7%) showed 
significant worsening of MHD or MMD during the drug 
holiday (N = 44 [78.6%] had significant worsening of 
MHD and N = 48 [85.7%] of MMD), while N = 12 patients 
(21.4%) had no significant worsening. Upon treat-
ment resumption, N = 45 patients (91.8%) with available 
headache diary (in total N = 49) experienced significant 

improvement of MHD or MMD and only N = 5 patients 
(10.2%) had no significant improvement of MHD or 
MMD (Fig. 3D).

Discussion
APOLLON was designed to evaluate the long-term safety 
and tolerability data on erenumab in patients with EM 
and CM. Results of the APOLLON study show that the 
tolerability of erenumab observed in HER-MES over the 
24-week period [6] is maintained over the longer period 
of 128 weeks.

Baseline characteristics of the study population were 
obtained from the preceding 24-week HER-MES study 
[6]. At HER-MES baseline, the participants had an aver-
age (SD) of 10.4 (3.9) MMDs, and most of the patients 
had experience with acute migraine medications. In con-
trast, less than half of the participants had previously 
used prophylactic treatment (most of these with one 
treatment failure).

The recommended erenumab dose is 70 mg. However, 
some patients might benefit from the 140 mg dose [12]. 
In APOLLON, two thirds of patients started treatment 
with the higher erenumab dose, which resembled the 
last dose they have received during preceding HER-MES 
study, and dose reductions were rare (< 5%). More than 
half of the patients on the lower starting dose switched 
to the 140 mg dose during the study, mainly due to insuf-
ficient response as deemed by physician and/or patient. 
Dose changes were permitted within the study protocol 
and no negative impact on tolerability and safety was 
observed.

The majority of patients remained adherent, as about 
70% of the patients were in the subgroup that received 
31 − 33 doses and the dosing regimen allowed a maxi-
mum of 33 erenumab doses over the study period of 128 
weeks.

The primary endpoint of APOLLON was the EAIR 
of AEs during the open-label treatment phase per 100 
subject years, which was based on 601 patients hav-
ing at least one AE. The EAIR per 100 subject years 
amounted to 101.71 (95% CI [92.28; 111.14]) indicating 
a low frequency of about one AE per 100 patients over 
one year of treatment. The EAIR was noticeably higher 
in females than in males. However, this can be explained 
by females having a much higher migraine disease bur-
den than men [13]. Accordingly, the EAIR increased with 
the MMD at baseline and with previous treatment fail-
ures. There were no relevant differences in EAIR between 
70 mg and 140 mg erenumab starting doses. In general, 
the erenumab EAIR of AEs is rather low. A recent study 
evaluating long-term efficacy and safety of erenumab in 
migraine prevention observed an EAIR of 123 in the ere-
numab open-label extension phase of the study. Although 
EAIR was higher in the double-blind study phase 

Table 3  Drug holiday
Variable n [%]
Study population, n 701
Drug holiday planned, n (% of study population) 108 

[15.4]
Time until drug holiday in months, mean ± SD [min; median; 
max]

13.2 ± 5.6 
[3; 12; 
25]

Returned from holiday, n (% of drug holiday taken) 70 [64.8]
Drug holiday duration in days, mean ± SD [min; median; 
max]

138 ± 127 
[27; 89; 
743]

Dose after returning to study treatmenta

  Returning to previous dose, n (% of returned from drug 
holiday)

62 [88.6]

  Returning to dose decrease, n (% of returned from drug 
holiday)

3 [4.3]

  Returning to dose increase, n (% of returned from drug 
holiday)

0 [0]

aFor some patients, information about the dose before or after drug holiday 
was unavailable
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(placebo vs. erenumab) of the same study, the EAIR was 
still lower than in the corresponding placebo arm [14]. It 
should be noted, however, that comparability may be lim-
ited as only episodic migraine was analyzed in the afore-
mentioned study by Ashina et al. 2021.

The secondary endpoint of APOLLON was the number 
of AE-related treatment discontinuations. Only 29 (4.1%) 
of the 701 patients discontinued erenumab treatment 
due to AEs and this ongoing low rate of discontinuations 

Fig. 3  Effects of drug holiday on monthly migraine and headache days and use of acute medication. Monthly headache days (A), monthly migraine 
days (B) and days with use of acute medication (C) with respect to drug holiday. Number of patients (n), for which headache and migraine diary data was 
available is indicated in the x-axis. (D) Patients with and without significant improvement or deterioration during the drug holiday and after resumption of 
treatment. Only patients included with at least one monthly interval with ≥ 14 diary days during drug holiday initiation. For the comparison drug holiday 
initiation to drug holiday (‘drug holiday’), the worst value during drug holiday was used. For the comparison drug holiday to treatment resumption (‘after 
drug holiday’), the mean value during drug holiday and the best value after drug holiday was used. M1: Month 1; M2: Month 2; M3: Month 3; SD: standard 
deviation; Wilcoxon test: * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001, **** P ≤ 0.0001
aA significant deterioration is defined as an increase in days during the drug holiday of ≥ 30% compared to the number of days in the period of 4 weeks 
before the drug holiday (drug holiday initiation phase). The worst value during the drug holiday is used for comparison
bSignificant improvement after treatment resumption is defined as a decrease in days during the drug holiday of ≥ 30% within 12 weeks after the drug 
holiday compared to the number of days during the drug holiday. The mean value during the drug holiday and the best value after the drug holiday are 
used for comparison
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confirms the safety profile observed in the HER-MES 
study [6].

In the APOLLON study, AEs were similar to those 
commonly reported in other clinical studies and litera-
ture (e.g. nasopharingits). However, it should be noted, 
that the study was conducted during the COVID-19 pan-
demic, which is reflected by the high number of patients 
with a related AE (243 patients were affected by Covid-
19). This might be a potential factor influencing the study 
results as well as patient compliance.

Over the course of the study, a total of 85.7% of patients 
experienced AEs, with similar rates across erenumab 
starting doses. In general, the rate of erenumab treat-
ment-related TEAE was low and only rarely led to termi-
nation of the study (0.4% of the patients).

The overall safety and tolerability profile based on the 
phase 2 and phase 3 erenumab study program is similar 
to placebo for both doses [3–5]. APOLLON data add to 
the favorable long-term safety profile as no new safety 
signals were observed.

QoL assessment revealed clinically relevant lowering 
of HIT-6 scores by a mean (SD) of 5.5 (7.8) points after 
6 months with ongoing stabilization until the end of 
the study. These results complement the results already 
observed in the preceding HER-MES study [6] and point 
to sustained improvement of QoL under long-term ere-
numab treatment. This is also reflected by the lasting 
improvements of the TSQM-II including convenience, 
effectiveness, global satisfaction, and side effects, which 
were all improved early (at 6 months) and remained so 
until the end of the study.

Patients were allowed to take a single drug holiday of 
up to 24 weeks. This is in line with guideline recommen-
dations, which suggest considering a pause in the treat-
ment with monoclonal antibodies targeting the CGRP 
pathway after 12 − 18 months of continuous treatment 
(although treatment should be continued as long as 
deemed necessary). Restarting of the treatment is sug-
gested if migraine worsens after treatment withdrawal 
[7]. In APOLLON, only 108 patients (15.4%) paused 
the study treatment during the 32 months treatment 
phase for a median of half the per protocol possible time 
(12.7/24 weeks). As patients’ quality of life parameters 
improve over the course of the study, it might be con-
ceivable that the patients did not want to risk a migraine 
relapse.

Two thirds of the patients with interruption of ere-
numab treatment for the reason of drug holiday returned 
to the APOLLON study and the vast majority also 
returned to their prior erenumab dose. Expectedly, the 
mean number of MHD, MMD, and days with acute head-
ache medication significantly increased during drug holi-
day, especially in the first two months, reaching a plateau 
in month 3. However, resumption of erenumab treatment 

resulted in rapid return to pre-holiday values. Of note, 
baseline MHDs and MMDs (see Table  1 and HER-MES 
baseline data [6]) were still higher compared to their 
increase during the drug holidays.

Longitudinal analyses of individual patients showed 
that the majority of patients had an increase in MMD/
MHD of ≥ 30% compared to 4 weeks before drug holiday 
and decrease for ≥ 30% within 12 weeks after the drug 
holiday upon treatment resumption. Also, there was a 
subgroup of patients (21.4%) that remained stable dur-
ing the drug holiday. This is in line with data reported by 
others showing migraine attack rebound early after treat-
ment interruption, but similarly early reduction of MHDs 
and use of acute medication in response to treatment 
resumption [15, 16]. Similar results were observed for 
other CGRP antibodies [17, 18]. Likewise, some patients 
seem to respond more long-term during treatment pause 
than others and predictors of drug holiday responses 
remain to be explored.

Indication for preventive migraine management with 
the aim to decrease attack frequency, duration, and 
severity, results from particular suffering, restriction of 
quality of life and the risk of overuse of medication [16]. 
Patients benefited long-term from erenumab treatment 
during the APOLLON study regarding these aspects. A 
specific timepoint for drug discontinuation attempt and/
or duration of interruption of 3 months is not supported 
by the presented data. Rather a fixed drug interruption 
of 3 months should be challenged, and individualizing 
patients’ prophylactic management should be supported. 
Overall, if it is necessary to resume treatment, most 
patients show similar response rates compared to initial 
treatment, which might reduce patients’ fear of taking a 
drug discontinuation attempt.

Conclusions
To date, only limited data are available regarding long-
term safety and tolerability of erenumab therapy, espe-
cially when considering dose adjustments and drug 
holidays more closely resembling the real-world setting 
and guideline recommendations. Meanwhile, treatment 
holidays are recommended by the European Headache 
Federation guideline upon use of monoclonal antibodies 
targeting the CGRP pathway [7]. The APOLLON study 
provides long-term safety and tolerability data confirm-
ing the known safety profile of erenumab. In addition, 
reversibility of migraine deterioration during drug holi-
day was shown with the majority of patients returning 
to their treatment with similar response rates to initial 
treatment.
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