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This study aims to gain rare insight into prolonged cluster headache remission by
(i) identifying patterns and factors associated with and (ii) phenotypical changes
prior to prolonged remission. The results can help patients better understand their
disease course and uncover mechanisms behind spontaneous remission.

In this cross-sectional cohort study, all participants with a history of (probable)
cluster headache from the Leiden University Medical Center cohort were invited to
complete a screening survey. Participants in prolonged remission were invited for a
telephone interview. Prolonged remission was defined as (i) no current prophylac-
tic treatment and (ii) an attack free period of = 5 years and/or twice the mean be-
tween-episode time. Main outcomes are average age at prolonged remission onset
and disease duration. Data were collected between 10 April and 9 August 2024 and
analysed using descriptive and survival statistics.

Of those invited, 43.2% (778/1801) responded; 625 were included in the survey anal-
ysis and 125 (20%) met prolonged remission-criteria during interview. Median age
at inclusion was 58 (IQR: 48-67) with 32% female. Remission occurred on average
at age 55 (IQR: 48-63) after a disease duration of 23 (15-33) years. In 62% (N=78)
remission occurred abruptly. Of those with gradual remission (38%, N=47), attack
frequency (65%) and intensity (59%) decreased and between-episode intervals in-
creased (52%) prior to remission. Probability of prolonged remission was higher in
episodic cluster headache (hazard ratio [HR]=6.60, 95% CI [3.55—12.31]), who had
quit smoking (HR=2.53, 95% CI [1.66-3.86]), had a higher attack intensity (HR=1.28,
95% CI[1.08-1.52]) and a higher age of disease onset (HR=1.05,95% CI [1.03—1.06]).

This cohort offers rare insight into prolonged cluster headache remission, typically
starting around the mid-50s after 25 years of active disease. Prolonged remission
is not tied to a single factor like disease duration. Remission onset does not peak
at a specific age and disease duration varies widely between patients with remis-
sion. Remission probability is higher in the episodic form despite a longer disease
duration compared to the chronic form. The association between quitting smoking
and prolonged remission supports a causal link with smoking and disease activity.
These preliminary retrospective results require confirmation in future studies.
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INTRODUCTION

Cluster headache is a very severe form of headache that is characterized by unilat-
eral headache attacks that are accompanied by various ipsilateral autonomic symp-
toms or restlessness.” The prevalence of cluster headache in the general population
is around 1 in 1000.2

In episodic cluster headache (ECH) - the most common form of the disease - the at-
tacks occur in episodes lasting weeks or months, with remission intervals of months
to years." People with chronic cluster headache (CCH, 20% of patients) have head-
ache attacks with less than three consecutive months of remission per year.? The
chronic form can be unremitting from onset (primary CCH, pCCH) or can evolve from
the episodic form (secondary CCH, sCCH) and the chronic form can become episod-
ic (secondary ECH, sECH).>* The overall incidence of a subtype switch ranges from
20.7-31.6%, with a 5 year risk of 12.3% for conversion into sCCH and 25% to sECH.>
¢ Before transitioning from ECH to CCH, an increase in disease burden is commonly
observed. Cluster episodes become longer and attacks are more frequent while the
attack-free intervals between episodes shorten.”

Cluster headache typically starts around age 25— 35 7° with a higher age of onset in
pCCH compared to pECH for both men and women.'® " While some epidemiological
data are available on the onset of cluster headache, little is known about the “end” of
cluster headache. The average disease duration and onset age of prolonged remis-
sion have not been described in detail. Based on clinical experience we assume that
cluster headache goes into remission with advancing age, mainly substantiated by
the fact that few older persons with cluster headache are treated in outpatient head-
ache clinics. Patients are informed that cluster headache is a self-limiting disease
that will remit at some point during their lifetime. Earlier small case-series report
patients whose cluster headache progressively ameliorated and tended to remit with
age.'® "2 Suggested precipitating factors for prolonged cluster headache remission
are increased intervals between episodes and episodes with decreasing seasonality,
unilaterality of attacks and fewer autonomic symptoms.’®* However, no predictor
for prolonged remission has been found; the occurrence of prolonged remission ap-
pears not directly related to older age, longer disease duration or an accumulation
of lifetime episodes.’ Whilst the above supports the hypothesis that cluster head-
ache gradually ameliorates during the disease course, other small studies reported
unchanged phenotypes during the course of a follow up period of 3 to 40 years.™

This study aims to gain insight into the intriguing yet sparsely documented phenom-
enon of prolonged remission in cluster headache. We aim to identify characteris-
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tics, patterns and factors associated with prolonged remission as well as pheno-
typical changes prior to remission in cluster headache. As a result, we can provide
patients with more accurate information regarding their potential disease course.
Furthermore, by increasing our understanding of spontaneous remission in cluster
headache, we hope to uncover potential underlying mechanisms that can help thera-
peutical research to instigate therapeutic prolonged remission in people with active
cluster headache.

METHODS

Design and Participants

In this single-center observational cross-sectional study, all participants from the
Leiden University Medical Center-Cluster Headache cohort (LUMC-CH) were invited
by email to complete an online screening survey. The LUMC-CH consist of the Leiden
University Cluster headache Neuro Analysis (LUCA) cohort which is a validated, web-
based cohort developed in 2008 with a screening questionnaire for cluster headache
based on the ICHD criteria.” This screening questionnaire has been continuously up-
dated to align with the latest ICHD criteria. This cohort is supplemented with patients
from our outpatient headache clinic with a neurologist-confirmed cluster headache
diagnosis according to the ICHD-3 criteria (International Classification of Headache
Disorders— 3rd edition).”” To ensure alignment with the most recent classification
standards, all participants—regardless of initial inclusion under ICHD-2 in 2008—are
re-screened against the current ICHD-3 criteria prior to inclusion. Inclusion criteria
for this study were: (history of) having (probable) cluster headache as defined by
the ICHD-3-criteria’; age =16 years and proficiently fluent in Dutch to complete the
screening questionnaire.

The invitation e-mail contained a digital patient information form (PIF, eAppendix
1) with the outline of the study and a direct link to the online screening survey, dis-
tributed through Castor Electronic Data Capture. Patients were informed that this
study would focus on the course of their cluster headache symptoms and recruited
patients with and without active cluster headache. Non-responders received four
reminder emails, each containing the PIF, to boost the response rate.

The online survey was designed as a screening tool for prolonged remission. In a
recent study on the natural course of untreated cluster headache, remission was
defined as being attack-free for longer than twice the longest between-episode peri-
od and for at least 5 years.’® However, duration of the between-episode period relies
on patients’ recollection and may be subject to bias. In routine practice, the average
between-episode period may better reflect the duration of the symptom-free inter-
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ictum, as it is easier to estimate than recalling the longest between-episode period.
Additionally, a more lenient definition of prolonged remission was more appropriate
for this study, since it was important not to miss any cases during screening. There-
fore, we defined prolonged remission as (1) no current cluster headache prophylac-
tic treatment and (2) an attack free period of either = 5 years and/or twice the mean
between-episode time.

All eligible patients who screened positive for prolonged cluster headache remission
were invited for a telephone interview. In this interview phenotypical changes in rela-
tion to prolonged remission were further explored in a standardized and semi-struc-
tured manner. All interviews were performed by a cluster headache specialist (WN)
and two purpose-specific trained medical students (MG, AZ), who consulted with the
specialist in cases of ambiguity. Medical terms such as ‘episodic’ and ‘chronic’ clus-
ter headache and ‘remission’ were explained during the interview. Estimated time of
interview completion was 20 minutes. Survey and interview questions can be found
in eAppendix 2.

As the current study only involved a non-burdensome questionnaire, the provided
informed consent was sufficient for study participation according to the Dutch med-
ical research law (Medical Research Involving Human Subjects Act). Therefore, an
exemption for additional medical ethical review was provided by the Medical Re-
search Ethics Committee of the LUMC (METC-LDD; Reference number 24-3020).
Data were collected between 10 April and 9 August 2024.

Statistical analysis

The main outcomes are the average age at prolonged remission onset and the years
with active cluster headache until prolonged remission. Onset of prolonged remis-
sion is defined as the first day of the attack free period (the day after the last cluster
headache attack). Disease duration is the amount of years from cluster headache
onset until prolonged remission onset or inclusion. Sensitivity analyses were per-
formed to determine (i) if participants with lenient prolonged remission (attack free
for = 5 years or twice the mean between-episode time) differed significantly from
those with strict prolonged remission (attack free for = 5 years and twice the mean
between-episode time) and (ii) if participants who met the ICHD-3 criteria for proba-
ble cluster headache differed from those who met criteria for definite cluster head-
ache (ICHD-3 criteria: 3.5.7 probable cluster headache= missing one of the features
required to fulfil all cluster headache criteria).

All the descriptive data are presented as number (percentage) or median (interquar-
tile range), unless otherwise specified. For group comparisons, chi-square tests,
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Student’s t-tests, or Mann—-Whitney U tests were performed when appropriate. A
survival analysis was applied to determine the influence of cluster headache charac-
teristics on the probability of prolonged remission in the population who completed
the screening survey (both participants with and without prolonged remission). Time
of interest is the number of years since cluster headache onset, as a measure of
disease duration. The event of interest was onset of prolonged remission. Patients
who completed the survey without having prolonged remission were censored at the
time of survey completion. A Kaplan-Meier curve with a log-rank test was plotted to
determine overall probability of prolonged remission as stratified for ECH and CCH.
A cox proportional hazard model was fitted to extract hazard ratios for each of the
cluster headache characteristics (attack frequency, sex e.g.) to assess their impact
on the probability of prolonged remission.

Two-tailed p values less than 0.05 were considered statistically significant. No cor-
rection for multiple testing was applied because of the exploratory nature of our
research. All analyses were performed using Rstudio (R Foundation for Statistical
Computing, Vienna, Austria), version 4.3.1, and the survminer and survival packages
were used for survival analysis.

RESULTS

Participants

As shown in Figure 1, 778 out of 1801 invited persons (43.2%) responded to the
screening survey and 625 fulfilled the inclusion criteria. 164 participants screened
positive for possible prolonged remission in the survey and of those, 125 met remis-
sion-criteria during interview and were included in prolonged remission analyses.
Non-responders (N=1023) were on average younger (53 vs 60 years old), and more
often female compared to responders (37% vs 32%); subtype distribution was equal
to responders (58% had ECH, eTable 1).

Clinical characteristics are depicted in Table 1. The majority of the 625 included par-
ticipants had ECH (372 [60%]), was male (male-to-female ratio of 2.1:1) with an aver-
age age at inclusion of 58 (48-67) years. No clinical differences were found between
participants with probable cluster headache compared to those with definite cluster
headache. One participant experienced a single 6-week cluster episode and, while
meeting ICHD-3 criteria for cluster headache, was classified as having probable ECH
due to the absence of a second episode over an 11-year follow-up. For readability,
this participant was analysed as having the episodic subtype, as exploratory analy-
sis confirmed inclusion did not affect the main outcomes.
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1801 invited for survey
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Phone Interview

Figure 1. Flowchart of inclusion process.

A total of 625 of 1,807 invited patients with cluster headache completed the screening survey and fulfilled
the inclusion criteria. One hundred sixtyfour participants screened positive for possible prolonged remis-
sion, and of those, 125 met remission criteria during interview and were included in analysis.

Median age of cluster headache onset was 29 years (20-42) (males: 30 [20-42]; fe-
males: 27 [19-43]; ECH: 26 [19-40]; CCH: 34 [23-45]). The distribution of the age of
onset is depicted in Figure 2. No correlation between the age at smoking onset and

age of menarche and the start of cluster headache was found. The average diagnos-
tic delay was 3 (1-8) years.

In participants with ECH, 88.5% had an average interval of 2.5 years or less between
episodes and 97.1% had less than 5 years between episodes (eFigure 1). The medi-
an interval between episodes was 10 months.

Prolonged Remission

Participants

Prolonged remission was verified in 20% (N=125/625) of participants. Out of those
125, 113 (90%) had ECH and 12 (10%) had CCH (Table 1). The prolonged remis-
sion-cohort had a male-to-female ratio of 3.6:1 and an average age at inclusion of
64 (55-70) years. No differences between participants meeting the strict or lenient
prolonged remission criteria were observed.
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Table 1. Baseline characteristics for participants.

Total No remission®  Prolonged
remission

(N=625) (N=480) (N=125) p-value
Interviewed 144 (23%) 19 (4%) 125 (100%)
Prolonged Remission® 125(20%) 0 (0%) 125 (100%)
Attack-free, years 0.5(0.2-3.1) 0.2(0.2,0.9) 6 (4-117) <0.001*
Active CHe 379 (61%) 246 (51%) 0 (0%) <0.001*
Prophylactic use 257 (41%) 257 (54%) 0 (0%) <0.001*
Sex 0.003*

Male 424 (68%) 310 (65%) 8 (78%)
Female 201 (32%) 170 (35%) 7 (22%)

Age at inclusion 8 (48-67) 57 (46-65) 4 (55-70) <0.001*
Age of CH onset 9(20-42) 29 (20,43) 27 (19-39) 0.120
Age at menarche 3(12-14) 3(11-14) 4 (12-14) 0.130
Age at menopause 49 (45-517) 9 (45-51) 1 (49-55) 0.023*
Disease duration 1(13-31) 20 (13- 30) 3(15-33) 0.053
Episodic CHe 372 (60%) 240 (50%) 113 (90%) <0.001*
Subtype switch 167 (27%) 146 (30%) 21 (17%) <0.001*
Attack frequency 3(1-4) 3(1-4) 3(1-5) 0.600
Attack intensity 9 (8-10) 9 (8-10) 9 (9-10) <0.001*
Autonomic symptoms 583 (94%) 456 (95%) 111 (90%) 0.017*
Restlessness 562 (90%) 431 (90%) 113 (90%) 0.900
Episode duration? 8 (5-13) 8 (6-13) 8 (5-12) 0.300
Between-episode interval® 9 (5-12) 9 (6-18) 9 (4-12) 0.058
Comorbid headache 178 (29%) 140 (29%) 31 (25%) 0.500
Smoker 165(27%) 143 (30%) 7 (14%) <0.001*
Positive Family history 67 (11%) 47 (9.8%) 17 (14%) 0.200
Right-sided attacks 256 (41%) 198 (41%) 47 (38%) 0.500
Bilateral attacks 12 (1.9%) 8 (1.7%) 3(2.4%) 0.700

Abbreviations: CH: Cluster Headache, NRS: Numeric rating scale.

Descriptives are depicted as median (IQR) or number (percentage).

@20 out of 625 screened positive for remission in the questionnaire, but criteria could not be verified due
to unavailability for phone interview. These 20 patients were therefore excluded from group comparison
(remission vs. no remission), resulting in N=480 participants without remission (and not 625-125=500).
®Verified prolonged remission based: screened positive in the survey and remission criteria were confirmed
during the telephone interview.

°Active CH: having CH attacks in the month of inclusion.

¢ Episode duration in weeks

¢Interval in months
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Figure 1. Density plot depicting the distribution of age at onset.

This figure illustrates the age distribution for the following events within this CH cohort: (1) onset of CH, (2)
onset of prolonged remission, (3) onset of smoking, (4) menarche, and (5) menopause in this CH cohort.
CH = cluster headache.

Remission Disease Course

The disease course of prolonged remission is depicted in Figure 3. Median age at
prolonged remission onset was 55 years (48-63) (males: 56 [48-63]; females: 50 [45-
64]; ECH: 55 [48-63]; CCH: 54 [47-60]). On average, cluster headache lasted 23 (15-
33) years before prolonged remission (males: 25 [17-35]; females: 17 [13-29]; ECH:
26 [16-35]; CCH: 18 [10-25]).

A subtype change during their disease course was reported by 21 (17%). Thirty inter-
view participants met CCH criteria at some point during the course of their disease,
of those twenty (67%) had primary CCH. At the end of their cluster headache before
prolonged remission, 40% (N=12) still had CCH and 60% (N=18) had switched to
ECH. Twelve (86%) had a temporal side shift and in only two this was permanent.
The shift occurred during an episode in 46% (N=6) and between episodes in 54%
(N=7).
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Figure 3. Disease course of interviewd participants with prolonged remission.

This figure illustrates the disease course of all 125 interviewed prolonged remission participants. The dis-
ease courses are displayed as a bar for each participant, which indicates the duration between the age at
CH onset and age at prolonged remission onset in blue and/or orange (periods with ECH in orange, periods
with CCH in blue) and the duration between age at prolonged remission onset and age at inclusion in gray.
CCH = chronic CH; CH = cluster headache; ECH = episodic CH.
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Changes in CH symptoms prior to prolonged remission
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Figure 4. Phenotypical changes before prolonged remission.

Prolonged remission occurred abruptly in 62% (N = 78). Of those with gradual prolonged remission (N =
47, 38%)), attack frequency (65%) and intensity (59%) decreased and between-episode intervals increased
(52%) in most participants before prolonged remission. CH = cluster headache.

Prolonged remission phenotype

Phenotypical patterns of prolonged remission are depicted in Figure 4. Prolonged re-
mission occurred abruptly in 62% (N=78). Of those with gradual prolonged remission
(N=47,38%), attack frequency (65%) and intensity (59%) decreased and between-ep-
isode intervals increased (52%) in most participants prior to prolonged remission.
Circadian rhythmicity over the years was unchanged in 43%, more predictable in
18%, and less predictable in 36%. For seasonal rhythmicity, this was unchanged over
the years in 59%, more predictable in 18%, and less predictable in 18%.

Self-reported triggers of prolonged remission

Most participants with prolonged remission (N=72, 57.6%) did not report any events
before the onset of prolonged remission that might have triggered amelioration of
cluster headache symptoms. Of the self-reported categorized triggers, alternative
treatments (N=18, 13.6%), lifestyle changes (N=17, 13.6%) and quitting smoking
(N=8, 6.2%) were mentioned most frequently (eFigure 2). Most self-reported alter-
native treatments were metoprolol (N=4), orthopaedic manual therapy (N=4) and
illicit drugs (N=4). Lifestyle changes mostly consisted of reduced stress (N=12) and
quitting alcohol consumption (N=2).

Remission determinants

Cluster headache subtype had a significant effect (HR=6.60 [95% CI: 3.55-12.31]
p<0.001) on the probability of prolonged remission as shown in Figure 5. All covari-
ates in the fitted cox proportional hazard model met the proportionality assumption
(eFigure 3). In addition to having ECH, participants who had quit smoking had a
shorter disease duration before prolonged remission compared to current smokers

45




Chapter 2

Table 2. Cox proportional hazard model for prolonged remission.

B HR (95% Cl) p-value
Subtype, ECH 1.888 6.60 (3.55-12.31) <0.001*
Sex, male -0.107 0.90 (0.60-1.34) 0.597
Age at onset, years 0.047 1.05(1.03-1.06) <0.001*
Attack frequency, daily -0.009 0.99 (0.93-1.06) 0.782
Autonomic symptoms, yes -0.400 0.67 (0.39-1.16) 0.156
Attack intensity, NRS 0.246 1.28(1.08-1.52) 0.004*
Restlessness, yes 0.275 1.32(0.73-2.39) 0.365
Comorbid headache, yes -0.246 0.78 (0.53-1.14) 0.204
Smoking, never 0.101 1.11(0.74-1.65) 0.620
Smoking, quit smoking 0.930 2.53 (1.66-3.86) <0.001*
Family history, 1st grade 0.304 1.36 (0.85-2.15) 0.197

Legend: Cl: confidence interval, B estimated regression coefficient. HR: Hazard ratio. *: Statistically sig-

nificant result.
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Figure 5. Kaplan-Meier curve with 95% Cls of prolonged remission.

50

60

A Kaplan-Meier curve depicting the probability and 95% Cls of prolonged remission in relation to disease
duration split for the ECH and CCH. The log-rank test shows that the ECH group has a shorter disease du-
ration when reaching prolonged remission (HR 0.15 [95% CI 0.08-0.28], p < 0.001). CCH = chronic CH; CH =

cluster headache; ECH = episodic CH; HR = hazard ratio.
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(Table 2, HR=2.53 [95% CI: 1.66—3.86] p=<0.001). A higher probability of prolonged
remission was also observed in participants with a higher attack intensity and high-
er age of onset of cluster headache (Attack intensity: HR=1.28 [95% Cl: 1.08—-1.52]
p=0.004; Age of onset: HR=1.05 [95% ClI: 1.03-1.06] p<0.001).

DISCUSSION

This cross-sectional observational study provides a comprehensive insight into pro-
longed remission of cluster headache. Prolonged remission was confirmed in 20%
of this cohort. On average, (i) prolonged remission of cluster headache starts at age
55 (48-63) after a disease duration of 23 (15 -33) years. Our data did not identify one
unique pattern preceding prolonged remission. While the majority reported an abrupt
onset of prolonged remission, gradual onset was present in almost 40%. When pro-
longed remission started gradually, this was characterized by decreased frequency
and intensity of cluster attacks and lengthening intervals between episodes prior to
prolonged remission. No common trigger for prolonged remission was reported. In
this cohort, ECH patients who had a higher attack intensity, a higher age at cluster
headache onset and who had quit smoking, had a shorter disease duration before
prolonged remission was reached.

In our cohort, almost 90% of intervals between episodes are shorter than 2,5 years,
which supports the suitability of our scientific definition for prolonged remission
(attack free for = 5 years or twice the mean between-episode time, eFigure 4).

Our findings suggest that prolonged remission is not a direct effect of age or longer
disease duration and the clinical observation that prolonged remission appears to
be more common in older patients can likely be attributed to cumulative risk. We
observed a considerable variation in disease duration until remission, ranging from
6 weeks to 55 years. Additionally, the distribution of the age at remission onset does
not exhibit a peak at a specific age but instead follows a broad distribution, with the
youngest participant achieving remission at 15 and the oldest at 74. Lastly, patients
with ECH have a higher likelihood of remission despite its longer disease durations
compared to CCH. Neither selection bias nor differences in prolonged remission cri-
teria between ECH and CCH could explain the high prevalence of episodic patients
experiencing prolonged remission, suggesting that this trend is not caused by the
study design but may be a feature of prolonged remission. These findings imply that
prolonged remission is not merely a result of advancing age or disease duration, but
rather the result of a complex multifactorial process.

A possible model to explain why prolonged remission is more common in the epi-
sodic subtype is the threshold-based hypothesis.' This model suggests that cluster-
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headache has a fluctuating disease process that causes cluster headache attacks
only when the disease activity surpasses a predetermined threshold. We hypothe-
size that the disease activity is more often below the cluster headache threshold in
ECH than in CCH, resulting in remission periods. Prolonged (and possibly perma-
nent) remission could then very well be explained as an extended period below the
cluster headache threshold. Interestingly, in most of the participants who had CCH
at any time during their disease course, their cluster headache converted to ECH
before reaching prolonged remission, suggesting a gradual decrease in their disease
activity. We hypothesize that this decreased disease activity is a consequence of
reduced hypothalamic activity through a complex interplay of multiple factors (e.g.
changes in connectivity to the suprachiasmatic nucleus, epigenetics and fluctua-
tions in vasoactive peptides and (sex) hormones).

The observed age of remission onset in cluster headache is similar to the reported
prevalence patterns in migraine, where remission also occurred around 50 years of
age." In migraine, age-related prevalence fluctuations are often attributed to hormo-
nal fluctuations that occur with menarche or menopause.’ However, despite some
similarities, no biphasic peak around menarche or menopause was observed, nor
were these events strongly correlated with the onset or remission of cluster head-
ache, making a direct causal link between hormonal fluctuations and prolonged re-
mission in CH less likely.

Our results suggest that disease duration until prolonged remission was shorter in
patients who had quit smoking, whereas previously no factors that were associated
with prolonged remission were found.™ A causal relationship between smoking and
cluster headache was suggested by a mendelian randomization study.? It is thus
interesting that quitting smoking was associated with a higher probability of pro-
longed remission. Quitting smoking may be one of the factors altering epigenetics,
leading to reduced disease activity. However, causality remains unclear, since our
model only identifies correlation. Quitting smoking was only reported by 6.2% as
remission-trigger and visual data-exploration did not show an obvious relationship
between the timing of quitting smoking and onset of prolonged remission.

In comparison to earlier studies, in our cohort prolonged remission occurred when
patients were older and had a longer disease duration, despite having a similar age
of onset of cluster headache.' 2" Contrary to our observations in the outpatient
headache clinic, our results indicate that older individuals with a long disease dura-
tion can still have active cluster headache. Perhaps the lack of older patients in the
outpatient clinic is not caused by a lack of disease, but the fact that “experienced”
cluster headache patients with a long disease duration no longer consult a doctor at
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recurrence of headache attacks, since they are familiar with the pain and possible
treatments.??

The observation that prolonged remission is not preceded by one unique pattern but
can occur abruptly or gradually, likely explains the discrepancy between reports that
describe unchanged phenotypes during the disease course on one hand and improv-
ing cluster headache symptoms before prolonged remission on the other.’® 41623 |n
some of our patients the disease course remained unchanged for decades, whilst
in others cluster headache symptoms gradually ameliorated. In addition to the pre-
viously reported observation of lengthening between-episode interval without short-
ening of the episodes prior to prolonged remission, we also observed a decrease in
attack frequency and intensity.'s "4

The Kaplan-Meier curve (Figure 5) shows a slower remission-rate than might be
expected when compared to the median disease duration of 23 years in partici-
pants with remission. The discrepancy is caused by the methodological differenc-
es between survival analyses and descriptive statistics. The Kaplan-Meier analysis
includes the total population, resulting in a reduced sample-size at the end of fol-
low-up as the total follow-up duration (CH onset until remission or inclusion) was
not the same for all participants. It uses censoring to account for the possibility of
patients whose CH will remit in the future and it does not assume that all patients
will eventually go into remission, but represents the probability of remission over
time for the entire population, including those who may never achieve it. Therefore,
the discrepancy between the descriptive statistic and survival analysis is likely due
to a combination of factors: differences in methodology and therefore interpretation,
a decreasing sample size with longer follow-up, and the unanswered question of
whether all cluster headache patients will eventually achieve remission.

With this large and well-described cohort we provided an unique insight into the
phenotype of prolonged remission in cluster headache. Previous studies were small
and mostly consisted of cohorts of patients that dropped out of clinical care. A ma-
jor strength of this study is its detailed approach which focusses on the different
aspects of prolonged remission. This results in a comprehensive description of both
cluster headache characteristics and phenotypical changes in relation to prolonged
remission. Data are of high quality as they are collected in a standardized and sys-
tematic manner using a screening survey followed by a structured interview and by
posing the more complicated questions during a telephone interview instead of the
online survey.

49




Chapter 2

The study design also has some limitations. As a prospective design was not fea-
sible due to the long disease duration, a retrospective design was chosen with the
acknowledged limitation of an increased risk of recall bias. The study design incor-
porated precautions to minimize recall bias : (i) detailed questions were addressed
during the interview and (ii) mainly closed-ended questions were utilized. Additional-
ly, comorbidities were not included in the survey. We aimed to keep the survey con-
cise to ensure reliable responses and at the time of study development, no specific
comorbidities were known to directly influence the onset or course of CH. However,
the findings from Madera et al. suggest that certain comorbidities (e.g., cancer and
cardiovascular disease) may be more common in people with CH compared to the
general population, possibly due to an unhealthier lifestyle (higher rates of smoking
and alcohol consumption).?* Future studies should further explore the role of comor-
bidities in CH, particularly in relation to disease onset and progression, to enhance
our understanding of their potential impact. Lastly, the inclusion of one participant
with probable episodic cluster headache could be considered a potential limitation.
However, exploratory analyses comparing results with and without this participant
revealed no differences, suggesting that this inclusion did not impact the main out-
comes of this study.

Since the study aimed to identify as many patients with prolonged remission as pos-
sible, recruitment was not limited to active CH patients, resulting in a lower response
rate (43%) and a selection bias. Whilst the selection bias may have led to an overes-
timation of the prevalence of prolonged remission (20%) and a higher age in this co-
hort compared to the general cluster headache population (60 vs 53 years old), this
also served to enhance the comprehensiveness of our cohort. Compared to the his-
torical general cluster headache population, our study has a relatively high propor-
tion of females (2.1:1 ratio, compared to the historical reported ratios of 3-4:1). This
aligns with the currently reported shift in sex ratios, which report similar ratios of
2:1.2% Since sex did not appear to significantly impact remission, the consequences
reduced sex ratio appear minimal. Epidemiological data of this study should not be
applied to the general cluster headache population, but the qualitative data should
serve as a starting point for further research.

In contrast to migraine, no official definition of prolonged or permanent remission
exist in the ICHD3 criteria.” In this study we defined our own criteria for prolonged
remission based on our clinical experience and previous studies where attack-free-
dom for more than 4 or 5 years was seen as prolonged remission.™ *2¢ Prolonged
remission is not the same as permanent remission, since there is no guarantee that
patients are in permanent remission and thus “cured” from their cluster headache.
There are known cases in which a new cluster episode occurred after decades of
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remission. However, we confirm that the probability of cluster headache symptom
recurrence steeply decreases after 2.5 years.?? It seems likely that the described co-
hort is representative for the phenotype of prolonged remission in cluster headache.
We therefore propose the following scientific criteria to define prolonged cluster
headache remission: attack free for = 5 years or twice the mean between-episode
time.

In conclusion, this cohort provides a rare insight in prolonged cluster headache re-
mission and shows (i) an average age of 30 at cluster headache onset followed
by (ii) 23 years of active cluster headache before (iii) prolonged remission onset
when patients reach their mid-50s (eFigure 5). Possible precipitating signs of pro-
longed remission were decreasing attack frequency and intensity or lengthening be-
tween-episode intervals. This studies’ definition for prolonged remission (attack free
for = 5 years or twice the mean between-episode time) was verified as suitable for
future research. Prolonged remission appears complex and cannot be attributed to
a single factor such as long disease duration. The distribution of remission onset
does not peak at a specific age and disease duration differs greatly between pa-
tients. Remission probability is higher in the episodic form despite a longer disease
duration compared to the chronic form. The association between quitting smoking
and prolonged remission supports a causal link with smoking and disease activity.
These preliminary and retrospective results require confirmation in future studies.

Prolonged remission of cluster headache occurred in 20% of our cohort
Prolonged remission started on average at age 55 (IQR: 48-63) after a disease
duration of 23 (IQR: 15 -33) years.

Onset of prolonged remission was abrupt in 62% and gradual in 38% of partici-
pants. Gradual onset was characterized by decreased frequency and intensity of

cluster attacks and lengthening intervals between episodes prior to prolonged
remission.

Disease duration until prolonged remission was shorter in episodic patients who
had a high attack intensity, were older at the onset of cluster headache, and had
quit smoking.

Our criteria for prolonged remission (attack free for = 5 years or twice the mean
between-episode time) were verified as suitable for research purposes.
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ONLINE SUPPLEMENTARY INFORMATION
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eFigure 1. Distribution of average interval between episodes.

Smoothed histogram depicting the average interval between episodes in patients with episodic cluster
headache. The median interval between episodes was 10 months. The interval between episodes was in
88.5% less than 2.5 years and in 97.1% this was less than 5 years.
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eFigure 2. Reported triggers of prolonged remission.

Overview of categorized reported triggers of prolonged remission. Most frequently were reported: no trigger
(N=72, 57.6%), alternative treatments (N=18, 13.6%), lifestyle changes (N=17, 13.6%) and quitting smok-
ing (N=8, 6.2%). Most reported alternative treatments were metoprolol (N=4), orthopaedic manual therapy
(N=4) and illicit drugs (N=4). Lifestyle changes mostly consisted of reduced stress (N=12) and quitting
alcohol consumption (N=2).
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Onset I Prolonged remission!
]

Definition

Attack free for = 5 years OR 2 x between-episode interval

Disease Course

Onset  Disease duration Remission
+- 29 year old +- 23 years +-55 year old

Patterns
65%  Attack frequency

62% Abriptremission 59%  Attack intensity

52%  Episode Interval
38% Gradualémission

Predictors

Attack intensity Quit smoking

Age of onset ECH

eFigure 5. Infographic on Prolonged remission in Cluster headache.
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