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Current practical evidence-based acute treatments of cluster headache are limited to subcutaneous and intranasal formu-
lations of sumatriptan, and oxygen. Two small randomized, double-blind trials suggested efficacy of somatostatin in
cluster headache. We sought to determine whether octreotide, a somatostatin analog, is effective in the abortive treatment
of acute cluster headache. Patients with episodic and chronic cluster headache, as defined by the International Headache
Society, were recruited to a double-blind placebo-controlled crossover study. Patients were instructed to treat two attacks
of at least moderate pain severity, with at least a 24-hour break, using subcutaneous octreotide 100�g or matching
placebo. The primary end point was the headache response defined as very severe, severe, or moderate pain becomes mild
or nil, at 30 minutes. The primary end point was examined using a multilevel analysis approach. A total of 57 patients
were recruited of whom 46 provided efficacy data on attacks treated with octreotide and 45 with placebo. The headache
response rate with subcutaneous octreotide was 52%, whereas that with placebo was 36%. Modeling the treatment
outcome as a binomial where response was determined by treatment, using the patient as the level 2 variable, and
considering period effect, sex, and cluster headache type as other variables of interest, we found that the effect of
subcutaneous octreotide 100�g was significantly superior to placebo (p < 0.01). Subcutaneous octreotide 100�g is
effective in the acute treatment of cluster headache when compared with placebo. Nonvasconstrictor treatment of acute
cluster headache is possible.
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Cluster headache (CH) is the most severe form of pri-
mary neurovascular headache. It is characterized by ex-
cruciating pain lasting 15 to 180 minutes.1 Controlled
evidence exists to treat acute attacks of CH with oxygen
inhalation,2 intranasal3 and injectable4 sumatriptan,
high-dose oral zolmitriptan,5 and intranasal dihydroer-
gotamine.6 An unequivocally nonvasoconstrictor treat-
ment for acute CH is not available.

Inhalation of oxygen is effective and safe but is im-
practical for some patients.7 Injectable and intranasal
sumatriptan are highly effective with a rapid onset of
action,4,8 are portable, and have no tachyphylaxis even
with frequent use in prolonged cluster bouts.9 How-
ever, the drawbacks of sumatriptan include the need
for an injection with the subcutaneous formulation, the
limitation of the number of daily doses that can be
administered, the incidence of adverse effects especially
with the subcutaneous formulation, and the consider-
able cost of each dose. Oral zolmitriptan has been
demonstrated to be of only modest efficacy in acute
episodic cluster headache at relatively high dose10 when

compared with its use in migraine,11 thereby rendering
it of limited utility in clinical practice. Intranasal dihy-
droergotamine has been reported to be better than pla-
cebo, but the time to onset of response was not defined
and the study used pre-International Headache Society
(IHS) diagnostic criteria.12 In addition, ergots and
triptans are contraindicated in patients with vascular
disease. Caution must be exercised in patients with
CH, because the disorder predominates in middle-aged
men, who often have risk factors for cardiovascular dis-
ease, particularly smoking.13–15 Given the limitations
of the available agents, some patients do not have an
acceptable abortive treatment option. There is therefore
a compelling need to develop new pharmacological ap-
proaches to CH, particularly, if possible, approaches
without vascular effects, to effectively and safely treat
these patients. Moreover, the question of whether a
nonvasoconstrictor approach might be effective would
offer a fundamental insight into the more generic issue
of whether cranial vessels provide important nocicep-
tive input in this form of primary headache.
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An acute cluster attack is associated with the release
of calcitonin gene related peptide (CGRP) and vasoac-
tive intestinal polypeptide (VIP), whereas triptans, se-
rotonin 5-HT-1B/1D agonists,16 attenuate the levels of
these neuropeptides during successfully treated attacks,
thereby implying that the inhibition of these neuropep-
tides is an important mechanism for aborting a cluster
attack.17,18 It is therefore attractive to study other com-
pounds that may inhibit the release of these neuropep-
tides but do not have concomitant vascular effects. So-
matostatin, an endogenously occurring 14–amino acid
peptide, has been shown to inhibit the release of nu-
merous vasoactive peptides, including CGRP19 and
VIP.20 Two studies have evaluated the abortive effect
of somatostatin in migraine. In the first study, intrave-
nous somatostatin (25�g/min for 20 minutes) was
compared with treatment with ergotamine (250 �g in-
tramuscularly), or placebo in a double-blind trial com-
prising 72 attacks in 8 patients.21 Infusion of soma-
tostatin reduced the maximal pain intensity and the
duration of pain significantly compared with placebo,
and to a degree comparable to intramuscular ergota-
mine. In another randomized, double-blind study, sub-
cutaneous somatostatin was compared with ergota-
mine.22 Five patients were treated for three attacks by
each of the drugs. Subcutaneous somatostatin and er-
gotamine were equally beneficial regarding effects on
maximal pain intensity and the pain area, but soma-
tostatin was less effective in reducing the duration of
pain. This limited evidence of the beneficial effect of
somatostatin needs to be explored further in properly
controlled and adequately powered studies.

The problem with studying native somatostatin as a
potential abortive agent for CH is that its short half-
life of several minutes necessitates an intravenous infu-
sion, making larger placebo-controlled trials very diffi-
cult.23 Octreotide, a somatostatin analog with a half-
life of approximately 1.5 hours,23 is an attractive
compound to study because it can be given subcutane-
ously, making it possible to recruit larger numbers of
patients for a trial on an outpatient basis. In this study,
we sought to determine whether octreotide is an effec-
tive abortive agent for the acute treatment of CH. We
sought a proof-of-principle for both octreotide and a
nonvascular approach, so we did not attempt a com-
parison with existing therapies as such. The data have
been presented in preliminary form at the XIth Con-
gress of the International Headache Society, in Rome
on September 13–16, 2003.24

Patients and Methods
Patients
Patients, men or women between 18 and 65 years of age,
with an established diagnosis of CH according to the IHS,12

and consistent with its revised second edition,1 were re-
cruited from our center through our contacts with the UK

patient organization. Patients were required to have cluster
headache attacks of at least 45 minutes’ duration when un-
treated. Exclusion criteria included pregnancy and lactation;
frequent migraine or tension-type headaches (�10 days/
month); inability to distinguish between migraine and CH;
patients who were receiving prophylactic treatment; diabetes
mellitus or with known cholelithiasis.

Design
This was a randomized, double-blind, two-attack, crossover
study of subcutaneous octreotide 100�g and matching pla-
cebo. Octreotide and placebo were packaged into identical
prefilled vials each containing 1ml of fluid. Normal saline
was used as placebo. All drugs were kept refrigerated in the
National Hospital for Neurology and Neurosurgery phar-
macy department for the duration of the trial. All patients
were taught how to draw up the treatment from the vial with
a syringe and to self-administer the subcutaneous injection.
They were given the opportunity to practice the injecting in
supervised conditions. Participants were instructed to keep
the trial drugs refrigerated until used. Patients were asked to
treat two attacks, at least 24 hours apart, with either oct-
reotide or matching placebo in a randomized order. They
were instructed to grade attacks on an ordinal categorical
scale of none, mild, moderate, severe, or very severe.25 Sub-
sequent assessments were at 5, 10, 15, 20, 30, and 60 min-
utes. Escape medication was allowed at 30 minutes after
dose, usually injectable or intranasal sumatriptan, oxygen, or
an analgesic, but not an ergotamine derivative.

Efficacy Assessments
The primary outcome measure was headache response at 30
minutes, a reduction in headache from moderate, severe, or
very severe to nil or mild. Secondary outcome measures in-
cluded the percentage of patients headache-free at 30 minutes,
rate of relief of associated symptoms, time to initial relief, and
rate of meaningful relief. Associated symptoms, such as vom-
iting, nausea, photophobia, phonophobia, lacrimation, nasal
congestion, and other autonomic features, were recorded im-
mediately before treatment and at 30 minutes. Initial relief
was defined as the time that a patient recorded any headache
relief. Patients were asked if they considered the response at 30
minutes meaningful. Finally, adverse events were assessed by
comparison of tolerability of octreotide to placebo.

Statistical Analysis
Using the results of a crossover study of subcutaneous
sumatriptan versus placebo4, and requiring a treatment dif-
ference between placebo and active of 30%, we calculated
(Sample Power; SPSS, Chicago, IL) that 42 patients were
needed for the study to have an 80% power to detect a dif-
ference at an � of 5%. The outcome data were treated as
binary: headache response or none at 30 minutes. Consider-
ing that attacks 1 and 2 are not strictly independent because
the patients remain the same, a multilevel multivariate anal-
ysis26 was performed using software developed by the Mul-
tilevel Project, MlwiN (http://multilevel.ioe.ac.uk/).3 We
modeled the effect of active treatment based on attack order,
sex, and cluster headache type, using p � 0.05 as the level of
significance for our testing.
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Approval
The study was performed in accordance with the ethical prin-
ciples of the Declaration of Helsinki. The Joint Ethics Com-
mittees of the National Hospital for Neurology and Neuro-
surgery and Institute of Neurology, London, reviewed and
approved the protocol before commencing the study. Medi-
cines Control Agency (UK) approval was obtained for the ad-
ministration of octreotide as part of a clinical trial. All patients
gave informed consent before entering the study. The study
protocol was written by us. The pharmaceutical company pro-
vided the study medication, but, consistent with recent guide-
lines,27 had no influence on or involvement in the conduct of
the study, the analysis, or publication of the results.

Results
A total of 57 patients were recruited, 45 men and 12
women, with a mean age of 40 � 10 years (mean �
standard deviation [SD]).

Disposition of Patients
Of the 57 patients recruited, 6 came to the end of the
bout before completing the study; one of these treated
the first attack. Two patients withdrew before treating
any attacks, and two were lost to follow-up; whether
they treated or did not treat attacks was not clear. We
have considered them as though they did not treat any
attacks. Two attacks of mild severity were treated, and
before the treatment of two attacks the syringe mal-
functioned; hence, the patients were unable to treat the
attacks; these four attacks were excluded from the anal-
ysis. Use of escape medication before 30 minutes after
treatment was reported in five attacks, which then were
scored as outcome failures (Fig 1).

Clinical Features of Study Cohort
The mean duration of cluster headache history was
14 � 9 years (mean � SD). Forty-one patients had
episodic CH, 15 patients had chronic CH, and 1 epi-
sode was unclassifiable because it was the first bout.
The average bout length of the patients with episodic
cluster headache was 9 � 5 weeks (mean � SD). The
average attack duration at recruitment was reported by
the patients to be 107 � 75 minutes (mean � SD;
Table 1). Thirty-seven patients had previously used
sumatriptan by injection, of whom 36 were responsive;
25 had used intranasal sumatriptan, of whom 16 were
responsive; and 38 had used oral sumatriptan, of
whom 12 were responsive. In terms of previous use of
oxygen, 15 had used high-dose and high-flow oxygen,
of whom 9 were responsive; 9 used low-dose or low
flow-rate oxygen, of who 4 were responsive.

Overall Efficacy
The primary end point of the study was the combined,
attack 1 and 2, headache response rate to octreotide at
30 minutes compared with placebo. The Wald test was
significant for the overall regression (�2 � 14.1, p

�0.007) with only the treatment term being signifi-
cantly different from zero. There was no significant ef-
fect of treatment order, cluster headache type, or sex.

Efficacy Results
In total, 46 attacks were treated with octreotide and 45
with placebo. In the octreotide-treated attacks, 24 pa-

Table 1. Demographic Data and Cluster Headache
Characteristics of 57 Included Patients

Characteristic Patients (n � 57; %)

Age, years (mean � SD) 40 � 10
Sex, n (%)

Male 45 (79)
Female 12 (21)

Type of CH n (%)
Episodic 41 (72)
Chronic 15 (26)
Unclassifiable 1 (2)

Average attack duration min 107 � 75
45–60 21 (37)
61–90 14 (25)
91–180 16 (28)
�180 6 (11)

Average duration of bout, weeks
(episodic patients, n � 41)

9 � 5

CH history, yr 14 � 9

SD � standard deviation; CH � cluster headache.

Fig 1. Flowchart showing the disposition of patients in the study.
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tients reported headache relief at 30 minutes (52%)
compared with 16 (36%) patients who treated an at-
tack with placebo. Fifteen patients were pain-free at 30
minutes (33%) when treated with octreotide, com-
pared with six (13%) when the attack was treated with
placebo (�2 � 9.8, p � 0.04; Fig 2).

Associated Symptoms
To evaluate the associated symptoms, we included only
patients who had the symptom immediately before
treatment in the analysis. Conjunctival injection, lacri-
mation, nasal congestion, rhinorrhoea, ptosis, eyelid
edema, and photophobia were the most frequently
mentioned. In the attacks treated with octreotide, more
patients experienced relief from associated symptoms at
30 minutes (Fig 3).

Time to Initial Relief
The mean time to initial relief in the octreotide-treated
group was 18.3 � 8.9 minutes, compared with 18.1 �
7.0 minutes in the placebo-treated group.

Meaningful Relief
Patients were asked if they thought the cluster head-
ache attack was adequately treated at 30 minutes. Sev-
enteen (37%) patients who treated an attack with oct-
reotide reported meaningful relief, compared with 13
(29%) patients who had treated an attack with placebo.

Escape Medication
The frequency of use of escape medication was lower
in octreotide-treated attacks compared with those
treated with placebo, 20 (44%) vs 25 (56%).

Tolerability
No serious adverse effects were reported with either the
octreotide or placebo-treated attacks. Eight patients
treated with octreotide (17%) reported minor gastroin-
testinal disturbance, including nausea, abdominal
bloating, and diarrhea, compared with four patients
(9%) treated with placebo. The adverse events are
shown in Table 2. All resolved spontaneously and were
generally short-lived and mild in nature.

Discussion
To our knowledge, this is the first placebo-controlled
trial investigating the potential use of octreotide in the
treatment of acute cluster headache attacks. It demon-
strates that octreotide is effective and well tolerated in
cluster headache attacks that normally last longer than
45 minutes. Headache response within 30 minutes was
reported in 52% of the attacks that were treated with
octreotide, compared with 36% of the attacks treated
with placebo. Octreotide was also superior to placebo
regarding pain-free rates, treatment of associated symp-
toms, and meaningful relief. This study establishes a

Table 2. Adverse Events among Patients with Cluster
Headache Attacks Treated with Octreotide or Placebo

Adverse Event Octreotide Placebo

Diarrhea, abdominal Bloating or nausea 8 4
Dull background headache 3 1
Lethargy 2 1
Injection-site reaction 2 1
Dizziness 1 0
Loss of libido 1 0
Facial flushing 1 0

Fig 2. Efficacy: headache response (a reduction of headache
intensity from very severe, severe, or moderate to mild or no
pain) and pain-free rates (no pain) at 30 minutes after treat-
ment with octreotide (black bars) versus placebo (gray bars).
**p � 0.01; *p � 0.05.

Fig 3. Percentage of patients reporting improvement of associ-
ated symptoms with octreotide (black bars) and placebo (gray
bars) at 30 minutes. Only patients with symptoms at baseline
were included. Because of multiple-comparison issues, no statis-
tical analysis was performed.
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clear principle: that vasoconstrictor action is not neces-
sary to abort acute cluster headache.

We have not compared octreotide with sumatriptan
in this study, but given the results of studies of
sumatriptan 6mg by injection4,8 and 20mg by nasal
spray,3 octreotide seems inferior to both of these for-
mulations of sumatriptan for the population response
rate and time to initial relief. However, octreotide is
not contraindicated in ischemic heart disease, suggest-
ing that it may have a role as an alternative therapeutic
strategy to oxygen in patients who cannot take
5-HT1B/1D receptor agonists. It is important to recall
that the effect in responders is no less than the effect of
injectable sumatriptan, because the response end point
is identical, but that the study suggests the population
of responders is smaller.

Octreotide was well tolerated with no reports of se-
rious side effects. The main side effect observed was
gastrointestinal upset in eight patients treated with oc-
treotide compared with four patients treated with pla-
cebo. All side effects resolved spontaneously and were
generally short-lived and mild in nature. The side ef-
fects reported in this study were in keeping with the
reported experience of side effects with this drug.28

The good tolerability data make octreotide an attrac-
tive agent in a condition in which repeated doses will
be required over a relatively short period. However,
our study does not directly address the issue of long-
term tolerability of subcutaneous octreotide in CH, be-
cause only a single active dose was administered. This
issue of long-term tolerability of octreotide has been
addressed in several studies in acromegaly that require
octreotide three times daily for life. Case reports of
symptomatic gallstones initially caused concern, and
the prevalence of gallstones rises in patients who are
screened. However, the risk of symptomatic gallstones
is extremely low, and, in one study of regular admin-
istration of octreotide LAR for a year, there were no
cases of gallstones.29 Hence, the prolonged use of oct-
reotide in CH, with its concomitant devastating mor-
bidity from the excruciating pain, will need to be bal-
anced against the risk of developing gallstones.

We used the crossover approach because attacks are
relatively stereotyped, and the attacks occur in rapid suc-
cession. Hence, fewer patients are required in a relatively
rare disorder. However, treatment of two separate at-
tacks in the same patient means that the attacks are not
strictly independent. We therefore used a multilevel
multivariate statistical approach.26,30 Our analysis
showed no influence of the order in which the treatment
was given. Moreover, the use of the multilevel multivar-
iate approach permits consideration of all the relevant
data in a single analysis. We have used this analysis in a
randomized controlled trial of sumatriptan nasal spray in
cluster headache,3 and it is attractive in this setting.

There are some limitations of this study that require

consideration. First, we were obliged to notify patients
about potential gastrointestinal side effects from oct-
reotide when consenting patients for the study, in line
with the requirements of the local ethics committee.
This may have introduced an element of unblinding to
the study in the patients who experienced these symp-
toms, which may have biased the results. This did not
manifest as a significant ordering effect in the analysis.
Second, this was a single-dose study, and long-term
studies would need to be performed to determine the
long-term use of this medication, because cluster head-
ache is a chronic condition. Third, the study popula-
tion consisted of 72% episodic cluster patients and
26% chronic patients. Although we did not see a dif-
ference in response between the two, we did not power
the study to dissect the more common episodic from
chronic cluster headache. A separate study of chronic
cluster headache may show less robust results, which
would, on the other hand, predict a better outcome in
episodic cluster headache should a larger study in that
subgroup be done. Last, this is a single-center study.
Our unit acts as a referral center for the entire UK
National Health Service; therefore, our patient mix is
taken from across the United Kingdom. This is not a
substitute for a multicenter study but for a proof-of-
principle study done independent of industry support
seems reasonable way forward.

What are the potential modes of action of soma-
tostatin and its analogs in cluster headache? Somatosta-
tin is a neuromodulator and neurotransmitter that is
extensively distributed within the nervous system. Neu-
rons containing somatostatin are found in the regions
of the central and peripheral nervous system involved
in nociception, such as peripheral sensory fibers, dorsal
horn of the spinal cord, trigeminal nucleus caudalis,
periaqueductal gray, and the hypothalamus.31,32 Soma-
tostatin mediates its actions by binding to high-affinity
membrane receptors. Five somatostatin receptors
(sst1-5) have been cloned,33 with octreotide acting pre-
dominantly on sst2 and sst5.34 Octreotide is a nonli-
pophilic compound and is believed to poorly penetrate
the blood–brain barrier, thereby suggesting that its tar-
get of action is the peripheral nervous system. This pe-
ripheral mode of action may involve inhibition of re-
lease of vasoactive substances, such as CGRP19 and
VIP,20 which have been implicated in the pathophysi-
ology of CH.35 It may be the case that the peripheral
action limits the effectiveness of octreotide, and we
would strongly wish to test a brain penetrant com-
pound in the future.

Notwithstanding that octreotide is believed to poorly
penetrate the blood–brain barrier, it may be able to
access the central nervous system to some extent during
the headache attacks. It has been proposed that the
blood—brain barrier may become leaky during the
headache phase.36,37 Sumatriptan, which has un-
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doubted efficacy in CH and poorly penetrates the
blood–brain barrier,38 has been shown to be effective
even in the presence of trigeminal nerve root section,39

thereby strongly suggesting a central site of action
which may be accessed via a leaky blood–brain barrier.
The potential central sites of action of octreotide in-
clude the hypothalamus, periaqueductal gray, and tri-
geminal nucleus caudalis. Functional imaging with
positron emission tomography,40 structural imaging
with voxel-based morphometry,41 and exciting results
with deep brain stimulation42 have identified the pos-
terior hypothalamic gray matter as the key area for the
basic defect in CH. Given that the hypothalamus is the
chief source of somatostatin within the central nervous
system,43 the alteration in hypothalamic activity in CH
may result in the disinhibition of descending soma-
tostatinergic pathways to the trigeminal nucleus cauda-
lis, either directly or via the periaqueductal gray. There
is evidence that the periaqueductal gray and trigeminal
nucleus caudalis are under tonic inhibition from the
hypothalamus.44 The disinhibition of descending input
caused by hypothalamic dysfunction theoretically could
result in uncontrolled trigeminovascular activation, as
seen during a cluster headache attack. This hypotheti-
cal state of reduced somatostatinergic inhibitory activ-
ity may explain the observation of reduced somatosta-
tin levels during CH,45 as well as the therapeutic effect
of administering exogenous somatostatin21,22 and oct-
reotide, as found in this study.

Our results are interesting in the context of primary
headache more generally. It has been reported in a small
study with a nonstandard end point that octreotide is
useful in migraine.46 However, we have recently con-
ducted a double-blinded placebo-controlled trial pow-
ered to detect a 30% difference with placebo and found
no effect.47 In this context, it is noteworthy that soma-
tostatin by infusion does not trigger headache in mi-
graine sufferers, cluster headache patients, or controls.48

Moreover, the striking difference between migraine and
cluster headache in the pattern of brain activation on
functional imaging, where cluster headache patients ac-
tivate the posterior hypothalamus,40,49,50 and both epi-
sodic51,52 and chronic53 migraine the brainstem without
hypothalamic activation, is in keeping with greater
prominence of a somatostatinergic mechanisms in clus-
ter headache. If this were so, this study would be the
first substantial evidence for a pharmacologically based
difference in the acute treatment of these disorders,
which are so strikingly clinically different.

In animal studies, somatostatin has been found to
differentially modify the release of a variety of neuro-
transmitters in several regions of the brain. Serotonin
release from rat hypothalamic, cortical, and hippocam-
pal slices is enhanced by somatostatin,54 as is noradren-
aline release from the cortex,55 whereas noradrenaline
release is inhibited in the rat hypothalamus56 and chick

sympathetic ganglia.57 Somatostatin inhibits the release
of �-amino butyric acid in the rat striatum,58 whereas
dopamine release is enhanced.59 Further studies will be
required to understand the mechanism of action of so-
matostatin and its analogs in CH.

In conclusion, to our knowledge, this is the first ade-
quately powered placebo-controlled study to demon-
strate the effectiveness of a somatostatin analog in the
treatment of acute cluster headache attacks. In clinical
practice, octreotide may have a particular utility in pa-
tients who are unresponsive to or intolerant of
5HT1B/1D agonists and oxygen, and as an alternative to
oxygen in patients with cardiovascular disease. Further-
more, this study demonstrates that somatostatin analogs,
which have no vasoconstrictor effect, offer a novel ther-
apeutic approach to the treatment of acute cluster head-
aches that may offer insights into understanding more
fundamental aspects of this disabling form of primary
headache.

This study was supported by the Institute of Neurology, London
and the Wellcome Trust (P.J.G.).
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