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Purpose: In a phase 3 study, galcanezumab significantly reduced the frequency of episodic 
cluster headache attacks across weeks 1–3 (primary endpoint) compared with placebo. 
However, multiple pain dimensions may contribute to the total burden of episodic cluster 
headache pain. This post hoc analysis assessed the impact of galcanezumab on the total pain 
burden of episodic cluster headache using a composite measure.
Patients and Methods: Patients with episodic cluster headache were randomized 1:1 to 
galcanezumab 300 mg or placebo once monthly for 8 weeks. Mean weekly total pain burden 
was calculated (daily cluster headache attack frequency × average duration × average pain 
severity summed over 7 days) using data collected in an electronic patient-reported outcomes 
diary. Change from baseline in weekly total pain burden across weeks 1–3 was compared 
between galcanezumab and placebo. To explore construct validity, mean weekly total pain 
burden scores were stratified by Patient Global Impression of Improvement (PGI-I) 
responses at the week 4 clinic visit.
Results: The reduction from baseline in mean weekly total pain burden was significantly 
greater with galcanezumab (N=49) than with placebo (N=57): the least squares mean 
difference was −11.18 severity-weighted hours (p=0.035). Median weekly total pain burden 
decreased as PGI-I ratings improved, from 33.6 to 5.0 severity-weighted hours for patients 
who felt “very much worse” and “very much better,” respectively.
Conclusion: Galcanezumab significantly reduced mean weekly total pain burden compared 
with placebo in patients with episodic cluster headache. The composite pain measure 
demonstrated construct validity. Total pain burden may provide a holistic measure of the 
pain of episodic cluster headache.
Clinical Trials: ClinicalTrials.gov, NCT02397473.
Keywords: composite pain, frequency, severity, duration, CGRP

Introduction
Episodic cluster headache (CH) is a debilitating disease characterized by daily 
attacks of intense unilateral headache with autonomic symptoms such as lacrima
tion, nasal congestion, forehead and facial sweating, restlessness, and agitation.1 

The headache attacks occur over periods lasting from 7 days to 1 year and are 
separated by pain-free periods of at least 3 months.1 Patients with episodic CH can 
experience multiple, sometimes excruciatingly painful, headache attacks each day, 
lasting from 15 minutes to 3 hours.1 The pain associated with CH has been 
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described as one of the most severe types of pain experi
enced by humans;2 consequently, the disease has 
a significant negative impact on patients’ health-related 
quality of life.3,4 The periods of CH attack can increase 
the risk of self-injurious behavior5 and suicidal ideation.6 

CH also poses a significant economic burden due to absen
teeism and presenteeism.7–10

The realistic goal of treatment for episodic CH is to 
shorten the cluster period and to reduce the frequency 
and/or severity of CH attacks.11,12 Guidelines recognize 
the need for both acute (abortive) treatment (treatment 
taken at the start of a headache attack to shorten the 
attack duration and reduce its severity) and preventive 
treatment (prophylaxis; treatment to reduce the fre
quency of headache attacks, starting as early as possible 
after the start of a new cluster period).11–16 For acute 
treatment, subcutaneous or intranasal sumatriptan and 
high-flow oxygen are recommended.11–16 For preventive 
treatment, verapamil and lithium are among the treat
ment options used.16 Some preventive treatments (such 
as suboccipital corticosteroid injections or oral steroids), 
known as transitional treatments, are reserved for short- 
term use or for “bridge” therapy to provide rapid relief, 
while another preventive treatment (such as verapamil) 
takes effect.16

Galcanezumab is a humanized monoclonal antibody 
that selectively binds to and inhibits the biological activity 
of calcitonin gene-related peptide (CGRP), a peptide 
involved in the pathophysiology of CH and migraine.17– 

21 Galcanezumab has been approved by the US Food and 
Drug Administration (FDA) for the treatment of episodic 
CH in adults22 and for the preventive treatment of 
migraine.23–28

In a phase 3 study of the efficacy and safety of galca
nezumab for the preventive treatment of episodic CH, the 
frequency of CH attacks across weeks 1–3 (primary end
point) was significantly reduced compared with placebo.29 

Since several dimensions of pain may contribute to the 
overall pain burden experienced during CH attacks, 
including frequency, duration, and severity,30–32 

a composite measure that incorporates multiple pain 
dimensions may prove useful to quantify the pain burden 
experienced.30 As such, a post hoc analysis of results from 
the phase 3 study29 was performed to describe the total 
pain burden associated with episodic CH and to assess the 
impact of galcanezumab on this burden. Construct validity 
of the composite outcome and total pain burden was also 
evaluated.

Patients and Methods
Study Design
This post hoc analysis was based on data from a phase 3, 
randomized, double-blind, placebo-controlled study of gal
canezumab in patients with episodic CH treated in the 
outpatient setting by licensed physicians with a specialty 
in neurology and headache (NCT02397473).29 The study, 
conducted at 35 sites in Europe and North America, con
sisted of a screening/washout phase lasting for a minimum 
of 0 days (for patients in an active cluster period and not 
receiving medications that required washout) to 
a maximum of 12 months (for patients who entered 
screening while in remission and were awaiting the next 
cluster period before being eligible to enter into the base
line phase). A prospective baseline phase started on 
the day patients first recorded a CH attack in their electro
nic patient-reported outcome (ePRO) diary and lasted for 
10 to 15 days, during which time eligibility and baseline 
weekly CH characteristics were determined over 7 conse
cutive days. This was followed by an 8-week, randomized, 
double-blind, placebo-controlled treatment period and 16 
weeks of post-treatment washout (Figure 1). Eligible 
patients were randomized 1:1 using a computer-generated 
random sequence and an interactive Web-response system 
to receive galcanezumab 300 mg or placebo subcuta
neously once monthly for 8 weeks. Investigators and par
ticipants were blinded to the intervention received. Further 
details of the study and the primary results are presented 
elsewhere.29

The study was conducted in accordance with ethical 
guidelines of the Declaration of Helsinki and the Council 
for International Organizations of Medical Sciences and 
the study protocol was approved by an appropriate ethical 
review board for each investigative site (Supplementary 
Table 1). All patients provided written informed consent.

Patients
The study included male or female outpatients aged 18–65 
years with a diagnosis of episodic CH as defined by 
International Classification of Headache Disorders 
(ICHD)-3 beta criteria.33 During 7 consecutive days of 
the prospective baseline period, patients had to experience 
a total of four or more CH attacks, an attack frequency of 
a minimum of one attack every other day, and no more 
than eight attacks per day to be eligible for randomization. 
Patients were also expected to have a prior history of 
a cluster period lasting for ≥6 weeks and to be able to 
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distinguish CH attacks from other types of headache. 
Patients were allowed to use the following concomitant 
acute treatments throughout the study: high-flow oxygen, 
oral triptans (after a protocol amendment), sumatriptan 
subcutaneous, sumatriptan or zolmitriptan nasal spray, 
acetaminophen, and nonsteroidal anti-inflammatory 
drugs. Treatment guidelines do not usually recommend 
oral triptans as acute treatment for CH attacks due to the 
slower onset of effect compared to subcutaneous and 
intranasal formulations.11–16 Oral triptans were therefore 
originally excluded from the list of permitted acute treat
ments. However, they were later introduced as an eligible 
acute treatment by protocol amendment to allow patients 
who preferred oral triptans to treat CH attacks as they 
would in routine practice. Concomitant preventive treat
ments for CH were not allowed.

Key exclusion criteria were recent participation in 
a clinical trial of an investigational drug or device; current 
or any previous use of any CGRP antibody, antibody to the 
CGRP receptor, or antibody to nerve growth factor; con
current use of other therapeutic monoclonal antibodies; 
and having another distinct trigeminal autonomic cepha
lalgia or a history of migraine variants that could have 
been due to cerebral ischemia.

Outcome Measures for the Current 
Analysis
During the prospective baseline and double-blind treat
ment periods, patients completed an ePRO diary on 
a daily basis (based on a 24-hour period) in which they 
recorded the daily number of CH attacks, the average daily 
duration of the attacks (options in the ePRO diary for 
patients to choose from were 15 or 30 minutes, or 1, 2, 3 
hours, or >3 hours), and the average severity of attacks, 

measured on a 5-point scale, where 0=no pain, 1=mild 
pain, 2=moderate pain, 3=severe pain, and 4=very severe 
pain. Patients were requested to record all cluster attacks 
regardless of attack duration. At the scheduled clinic visit 
at week 4, patients were also asked to complete the Patient 
Global Impression of Improvement (PGI-I), a global index 
that captures patient perception of improvement in their 
disease using a 7-point scale, where 1=very much better, 
2=much better, 3=a little better, 4=no change, 5=a little 
worse, 6=much worse, and 7=very much worse. Patients 
were asked to select the category that best described their 
CH since they started taking study medication.

Statistical Analysis
Individual Pain Components
The effect of galcanezumab on each individual CH attack 
component (frequency, duration, severity) was analyzed. 
The primary study outcome measure was the change from 
baseline in weekly CH attack frequency. Weekly mean 
duration per CH attack was computed as follows. First, 
for each patient, the daily total duration of CH attacks was 
estimated as the product of the daily average duration of 
each attack and the daily frequency of attacks. This was 
repeated for each day of the week and summed for all days 
of the week to obtain the weekly total duration of CH 
attacks. The weekly mean duration per CH attack was then 
computed as the ratio of weekly total duration of CH 
attacks divided by the weekly CH attack frequency. The 
mean severity of weekly CH attacks was calculated as the 
mean of all daily average severity scores in a week for 
weeks with at least one CH attack. Both weekly mean 
duration per attack and the mean severity of remaining 
weekly attacks were defined only on weeks with at least 
one CH attack; thus, patients with no CH attacks in each of 
the first 3 weeks were excluded from the analyses.

Week
Dosing                                                

0                  4                8 16                        24

Prospective 
baselinea

R

Treatment periodScreening

ePRO Diary
PGI-I

Post-treatment washout

X X

Placebo

GMB 300 mg/month

X

Figure 1 Design of the phase 3, randomized, double-blind, placebo-controlled study of galcanezumab in patients with episodic CH (NCT02397473).28 aProspective baseline 
period started on the day the patient first recorded a CH attack in their ePRO diary. Eligibility and baseline weekly CH characteristics were assessed over 7 consecutive days 
during the prospective baseline period. 
Abbreviations: CH, cluster headache; ePRO, electronic patient-reported outcome; GMB, galcanezumab; PGI-I, Patient Global Impression of Improvement; R, randomiza
tion; X, administration of PGI-I at clinic visit.
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Calculation of Composite Score
A composite pain measure was developed that combined 
the three different facets of pain experienced by patients 
with CH (attack frequency, duration, and severity) into one 
clinical outcome assessment called the total pain burden. 
This composite outcome was compared between the two 
treatment groups to assess whether galcanezumab had 
a greater impact on CH total pain burden than did placebo.

The daily pain burden, expressed in severity-weighted 
hours, was first calculated for each patient by multiplying 
the daily frequency of attacks by the average duration of 
attacks (in hours) in a day and by the average pain severity 
of attacks in a day. This value was then summed over 
a weekly period to give the weekly total pain burden:

Weekly total pain burden (severity-weighted hours) = 
sum over week (daily frequency of attacks × daily average 
duration of attacks [hours] × average daily attack pain 
severity)

Patients who experienced no CH attacks in a week 
were assumed to have zero total pain burden. Attack 
duration and pain severity represented patients’ average 
over 24 hours regardless of any acute medication used (ie, 
they were not collected on a per attack basis and later 
averaged). The scores representing pain severity in the 
composite score calculation were applied from the prespe
cified 5-point pain scale, with severity scores of 0, 1, 2, 3, 
and 4 reflecting no, mild, moderate, severe, and very 
severe pain, respectively. To analyze the impact of using 
different weights for the severity categories 1 to 4 on the 
treatment effect, sensitivity analyses were conducted in 
which total pain burden was calculated using the square 
root of attack severity scores (ie, weights of 1.000, 1.414, 
1.732, and 2.000 for the four categories of attack severity) 
or the square of attack severity scores (ie, weights of 1, 4, 
9, and 16 for the four categories of attack severity). As for 
the main analyses, patients who experienced no CH 
attacks in a week were assumed to have zero total pain 
burden; as this is not likely to be considered subjective, it 
was excluded from the sensitivity analyses.

Mean changes from baseline in each individual pain 
component and in total pain burden, and the percent 
change from baseline in total pain burden across weeks 
1–3 were compared between galcanezumab and placebo 
using mixed-model repeated measures (MMRM) analyses 
adjusted for baseline value, sex, pooled investigative site, 
week, and treatment-by-week interaction. Analyses of the 
mean severity of CH attacks included baseline CH attack 

category (up to four attacks vs more than four attacks 
per day) as an additional variable in the model.

Construct Validity
The composite outcome of total pain burden was assessed 
for construct validity by relating it to the PGI-I responses. 
Average weekly total pain burden scores across weeks 1–3 
were stratified by PGI-I responses at week 4 using pooled 
data from galcanezumab- and placebo-treated patients. In 
addition, logistic regression analysis was used to predict 
the impact of average weekly total pain burden scores 
across weeks 1–3 on the dichotomous PGI-I score at 
week 4 of “feeling better” (PGI-I score 1, 2, or 3, repre
senting “very much better,” “much better,” or “a little 
better,” respectively) or “not feeling better” (PGI-I score 
4, 5, 6, or 7, representing “no change,” “a little worse,” 
“much worse,” or “very much worse,” respectively). 
Results were expressed as an odds ratio (OR) with 95% 
confidence interval (CI) for “feeling better” for every 10- 
unit decrease in average total pain burden across weeks 
1–3.

Contribution of Individual Pain Components to Total 
Pain Burden
The magnitude and impact of each pain component on the 
total pain burden score was assessed in two ways. First, 
using baseline data, the strength of association between 
each individual pain component and total pain burden was 
evaluated using Spearman’s rank correlation. The propor
tion of unique variability explained by each individual CH 
attack component (frequency, duration, and severity) in 
total pain burden variability was assessed using squared 
semi-partial type II correlations. These were estimated 
using a linear regression model on the log-transformed 
variables, with total pain burden as the outcome and the 
individual components weekly CH attack frequency, 
weekly average attack duration, and weekly average attack 
severity as predictors. These partial correlations gave an 
estimate of the proportion of variability in total pain bur
den explained by each component after including/adjusting 
for the other two components. In this analysis, if the 
weekly frequency of attacks was 0, duration per attack 
and average severity were also assumed to be 0.

Second, to assess whether the treatment effect observed 
in total pain burden was primarily due to the treatment 
effect on reduction in weekly CH attack frequency, we 
analyzed change from baseline in weekly total pain burden 
in the first 3 weeks of the double-blind treatment phase 
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while additionally adjusting for the effect of change from 
baseline in weekly CH attack frequency. This was 
achieved using an MMRM model that included the fixed 
effects of baseline total pain burden, treatment group, sex, 
pooled investigative site, week, and treatment-by-week 
interaction, with change from baseline in weekly CH 
attack frequency as a time-varying covariate.

General Considerations
All analyses were conducted on the intent-to-treat popula
tion, which included all patients who were randomized and 
received at least one dose of study drug. Summary statis
tics are presented using mean and standard deviation or 
median and quartiles for continuous variables. Counts and 
percentages were used to summarize categorical variables. 
For the change from baseline analyses, only patients who 
had both a baseline measurement and at least one valid 
post-baseline measurement were included. All MMRM 
models assumed an unstructured variance covariance 
matrix to estimate the correlation between repeated mea
sures on the same subject. For all MMRM models, mean 
changes from baseline were estimated using least squares 
(LS) means and standard errors (SEs), and treatment 
effects were estimated using LS mean differences between 
treatment groups and 95% CIs. Unless otherwise specified, 
all analyses were post hoc in nature and no adjustments for 
multiple testing were made; consequently, all results 
should be considered exploratory. Analyses were con
ducted using SAS® Enterprise Guide version 9.4, assum
ing a two-sided significance level of 5%.

Results
Baseline Characteristics
Enrollment in the primary study was stopped before the 
planned sample size had been reached due to lower-than- 
anticipated numbers of patients entering an active CH period 
during the screening period. The first patient visit took place 
in May 2015 and the last patient visit in June 2018. Data 
were available for analysis from 106 patients, of whom 49 
received galcanezumab and 57 received placebo. A figure of 
patient flow through the study is presented in the primary 
publication.29 Baseline demographics and disease character
istics—including mean weekly use of acute medications 
(pooled), high-flow oxygen, and subcutaneous sumatriptan, 
and mean baseline total weekly pain burden scores—were 
not statistically significantly different between the two treat
ment groups (Table 1).

Individual Pain Components
The overall LS mean reduction from baseline in average 
weekly CH attack frequency across weeks 1–3 was sig
nificantly greater with galcanezumab than with placebo 
(Figure 2A). The overall LS mean reduction from baseline 
in weekly average duration of CH attacks across weeks 1– 
3 was numerically greater in the galcanezumab group than 
in the placebo group, but not statistically significant 
(Figure 2B). The mean duration per attack was 0.12 
hours (7.2 minutes) less for patients taking galcanezumab 
than for those taking placebo (95% CI: 0.07, 0.32; 
p=0.20). Similarly, the overall LS mean reduction from 
baseline in total weekly average CH attack severity over 
weeks 1–3 was numerically but not significantly greater 
with galcanezumab than with placebo (Figure 2C).

Composite Score
A significantly greater reduction in average weekly total 
pain burden was observed with galcanezumab compared 

Table 1 Baseline Demographics and Disease Characteristics of 
Patients Included in the Post Hoc Analyses

Characteristic Galcanezumab 
(N=49)

Placebo 
(N=57)

Age, years 47.5 ± 10.7 45.4 ± 11.3

Male 41 (83.7) 47 (82.5)

Use of acute medicationa 17.1 ± 15.1 16.9 ± 14.9
Use of high-flow oxygen 9.5 ± 9.6 9.2 ± 9.5

Use of s.c. sumatriptan 9.1 ± 10.8 9.1 ± 7.2

Baseline CH characteristics

Weekly attack frequency 17.8 ± 10.1 17.3 ± 10.1

Weekly attack duration, 

hours

15.9 ± 16.0 15.1 ± 13.2

Weekly attack severityb 2.5 ± 0.7 2.6 ± 0.7

Baseline weekly total pain burden,c severity-weighted hours

Mean ± SD 41.5 ± 39.3 43.3 ± 44.0
Median (interquartile 

range)

36.0 (19.5–48.0) 28.0 (13.5–54.0)

Notes: Results are expressed as mean ± SD or n (%) unless otherwise indicated. 
A significant difference was not observed between the treatment groups (p>0.05). 
aNumber of times per week. bMeasured on a 5-point scale, where 0=no pain, 
1=mild pain, 2=moderate pain, 3=severe pain, 4=very severe pain. cCalculated as 
the daily frequency of attacks × the average pain severity of attacks in a day × the 
average duration of attacks (in hours) in a day. This value was summed over 7 days 
to give the weekly total pain burden. 
Abbreviations: CH, cluster headache; s.c., subcutaneous; SD, standard deviation.
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Figure 2 LS mean change from baseline in average weekly CH attack (A) frequency (primary study endpoint), (B) duration, and (C) severity, across weeks 1–3 in patients 
receiving galcanezumab or placebo. Results are expressed with SE; p-values are from repeated measures analysis. N for (A) are greater than those for (B and C) because the 
analyses presented in (B and C) were performed in patients with at least 1 week with at least one CH attack; consequently, a few patients who had zero attacks were 
excluded. 
Abbreviations: CH, cluster headache; CI, confidence interval; LS, least squares; SE, standard error.
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with placebo across weeks 1–3 (Figure 3A). The LS mean 
change (decrease) from baseline in weekly total pain burden 
across weeks 1–3 was 11.18 severity-weighted hours greater 
for galcanezumab than for placebo (95% CI for mean dif
ference: 0.83, 21.53; p=0.035). Similarly, the LS 

mean percent change (decrease) from baseline in weekly 
total pain burden across weeks 1–3 was significantly greater 
with galcanezumab than placebo (64% vs 31%, respec
tively; mean difference 33.5%, 95% CI: 10.75, 56.21; 
p=0.004) (Figure 3B).
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Figure 3 (A) LS mean change and (B) LS mean percent change from baseline in average weekly CH attack total pain burden across weeks 1–3 in patients receiving 
galcanezumab or placebo. Results are expressed with SE; p-values are from repeated measures analysis. 
Abbreviations: CH, cluster headache; CI, confidence interval; LS, least squares; SE, standard error.
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The mean reduction from baseline in total pain burden 
was also significantly greater with galcanezumab than with 
placebo in each of the two sensitivity analyses that 
adjusted for weighted attack severity scores. Using the 
square root of attack severity to weight CH attack dura
tion, the LS mean reduction from baseline in weekly total 
pain burden across weeks 1–3 was 14.74 (SE 2.51) sever
ity-weighted hours with galcanezumab versus 8.77 (SE 
2.35) severity-weighted hours with placebo (mean differ
ence 5.96 [SE 2.98] severity-weighted hours; 95% CI: 
0.03, 11.90; p=0.049). Further, using the square of attack 
severity to weight CH attack duration, the corresponding 
mean change from baseline was 75.44 (SE 15.10) severity- 
weighted hours with galcanezumab versus 35.34 (SE 
14.13) severity-weighted hours with placebo (mean differ
ence 40.09 [SE 17.57] severity-weighted hours; 95% CI: 
5.08, 75.10; p=0.025).

Construct Validity
The median weekly total pain burden across weeks 1–3 
measured in all patients (pooled data) decreased as week 4 
PGI-I ratings improved, from 33.6 severity-weighted hours 
for patients who reported being “very much worse” (n=3) to 
5.0 severity-weighted hours for patients who reported feeling 
“very much better” (n=34) (Figure 4). The median (quartile 
1, quartile 3) weekly total pain burden across weeks 1–3 was 
7.9 (2.8, 14.7) severity-weighted hours for patients who 
reported feeling better (“a little better,” “much better,” or 
“very much better”) at week 4 compared with 33.5 (19.8, 
42.3) severity-weighted hours for patients who did not feel 

better (“no change,” “a little worse,” “much worse,” or “very 
much worse”). Further, the odds of a patient reporting a PGI- 
I score of 1, 2, or 3 (“a little better,” “much better,” or “very 
much better”) increased by an estimated 21% for every 10 
severity-weighted hours reduction in total pain burden across 
weeks 1–3 (OR 1.21; 95% CI: 1.05, 1.39; p=0.01).

Contribution of Individual Pain 
Components to Total Pain Burden
Weekly total pain burden showed a moderate to high corre
lation with each of the three individual pain components at 
baseline: Spearman’s rank correlation was 0.62 for weekly 
CH attack frequency, 0.64 for weekly average attack dura
tion, and 0.49 for weekly average attack severity. The 
squared semi-partial type II correlation between total pain 
burden and average weekly CH attack frequency, duration, 
and severity was 0.33, 0.43, and 0.08, respectively.

Mean change from baseline in mean weekly total pain 
burden across weeks 1–3 was numerically greater with 
galcanezumab than with placebo after adjusting for change 
from baseline in weekly CH attack frequency: the mean 
(SE) reduction in total pain burden was 21.42 (3.30) 
severity-weighted hours for galcanezumab compared with 
16.62 (3.09) severity-weighted hours for placebo (mean 
difference 4.80; 95% CI: 2.89, 12.48; p=0.22).

Discussion
Results of the post hoc analyses reported here showed that 
treatment with galcanezumab significantly reduced the 

PGI-I score at week 4

1. Very much better
(n=34)

2. Much better
(n=21)

3. A little better
(n=14)

4. No change
(n=12)

5. A little worse
(n=2)

6. Much worse
(n=7)

7. Very much worse
(n=3)

5.0 [0.8, 14.7]

8.8 [3.3, 21.2]

9.2 [5.1, 14.0]

23.4 [9.6, 39.7]

25.7 [16.4, 35.0]

34.5 [25.8, 93.0]

33.6 [24.0, 209.0]

0 20 40 60 80 100

Median [Q1, Q3] weekly total pain burden, weeks 1–3 (severity-weighted hours)

Median weekly 
total pain burden 

[Q1, Q3]

Figure 4 Median [Q1, Q3] weekly total pain burden across weeks 1–3 according to PGI-I score at week 4 in patients with episodic CH receiving galcanezumab or placebo 
(N=93). 
Abbreviations: CH, cluster headache; PGI-I, Patient Global Impression of Improvement; Q1, quartile 1; Q3, quartile 3.

https://doi.org/10.2147/JPR.S305066                                                                                                                                                                                                                                   

DovePress                                                                                                                                                               

Journal of Pain Research 2021:14 2066

Andrews et al                                                                                                                                                        Dovepress

https://www.dovepress.com
https://www.dovepress.com


average total pain burden across weeks 1–3 compared with 
placebo in patients with episodic CH when assessed using 
a composite measure of three pain dimensions (attack 
frequency, duration, and severity). The results also sug
gested that the total pain burden score has construct valid
ity, with the average weekly total pain burden across 
weeks 1–3 decreasing as week 4 PGI-I ratings improved.

As reflected in the squared semi-partial correlations, all 
three pain dimensions contributed to variability in the total 
pain burden score. However, attack frequency and duration 
provided a greater contribution to the total pain burden 
score than attack severity. Further, after adjusting for the 
effect of change from baseline in weekly CH attack fre
quency, galcanezumab showed some benefit in numeri
cally reducing the remaining total pain burden. These 
analyses suggest that the reduction in total pain burden 
score may have been due to a reduction in either average 
attack duration or average attack severity in addition to the 
reduction in attack frequency. In other words, the total pain 
burden may represent an estimate of the overall burden of 
pain experienced by the patient that is not captured in the 
frequency of attacks alone. However, given the lack of 
statistical significance and the post hoc nature of these 
analyses, these results should be interpreted with caution.

Pain is a subjective, personal experience and has multi
ple dimensions, such as quality, location, intensity (sever
ity), frequency, duration, and emotional and psychological 
impact.34–36 As a result, it can be difficult to measure. 
Acute pain and pain due to trauma is relatively straightfor
ward to evaluate, but the assessment of persistent or com
plex pain is more challenging.37 Many different 
measurement tools have been used to evaluate pain in 
clinical research studies.34–36 Most commonly, the severity 
of pain is measured using self-report on a visual analog 
scale (VAS) or numeric rating scale (NRS) from 0 (no 
pain) to 10 (worst possible pain). In CH specifically, 
clinical trials of triptans (sumatriptan and zolmitriptan) 
for the acute treatment of CH have tended to measure 
the severity of pain using a 5-point scale of none, mild, 
moderate, severe, and very severe,38–43 whereas studies of 
preventive treatments for CH (eg, steroids and verapamil) 
have tended to measure the frequency of attacks.44,45

However, these approaches to pain measurement only 
provide a one-dimensional indication of pain; they do not 
reflect other dimensions of pain, such as duration, character 
(eg, hot/cold, crushing, tearing, cramping, stabbing, burn
ing), and quality.34,46,47 It is recommended that patients are 
asked to describe pain according to a number of 

characteristics, including the severity, frequency, and 
duration.34,36,47 Examples of tools for measuring the multi
dimensional aspects of pain include the McGill Pain 
Questionnaire48 and the Brief Pain Inventory.49 The evalua
tion of multiple pain dimensions can help to improve pain 
management and pain care outcomes and is also essential for 
assessing the effectiveness of treatments in clinical trials.37,50

In this study, the average total pain burden of CH over 3 
weeks was measured using a composite of three pain dimen
sions (frequency, duration, and severity). Other studies have 
used composite pain measures, in both pain and primary 
headache disorders, including CH. In a study of pediatric 
patients with chronic pain, for example, the authors devel
oped a composite scale (the pain-frequency-severity- 
duration scale) that, as the name indicates, measures the 
frequency, severity, and duration of pain to give a single 
composite score. The study revealed a significant correlation 
between this composite score, functional ability, and health- 
related quality of life.51 Similarly, researchers investigating 
opioid treatment in patients with intractable headache suc
cessfully used the Severe Headache Index, which incorpo
rated both the frequency and the severity of headaches.52

In CH, a study of patients receiving hyperbaric oxygen 
treatment for preventive treatment of the disease assessed 
the frequency and severity of headaches by calculating 
a headache index (sum of [the number of attacks × the 
degree of severity]).53 More recently, the Cluster 
Headache Severity Scale was developed, which includes 
the three dimensions of attack frequency per day, attack 
duration (in minutes), and duration of the CH period (in 
months). This provides a single score ranging from 3 to 12 
but does not include a measure of attack severity.54 

A matched-control cohort study used the Cluster 
Headache Index, which incorporates daily CH attack fre
quency and duration as well as the duration of each cluster 
period and the yearly cluster frequency.55

Galcanezumab is the first anti-CGRP agent that 
reduces the frequency of headache attacks to be approved 
by the FDA for the treatment of episodic CH.22 Results of 
the current post hoc analyses suggest that galcanezumab 
also reduces the total pain burden of this disease when 
using a composite measure of three pain dimensions 
(attack frequency, duration, and severity).

Study Strengths and Limitations
The analyses reported here were based on a well-designed 
primary randomized controlled study with washout and 
follow-up periods. The study involved measurement of 
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PROs, specifically measurement of three dimensions of 
pain using a daily headache e-diary. The use of an 
e-diary for the measurement of headache has been 
validated.31 The main limitations of our analyses were 
their post hoc nature and the relatively small patient num
bers; consequently, patients included in the analyses may 
not fully represent the broader population of patients with 
episodic CH who receive care in the “real world”. In 
addition, the scoring of pain severity on a scale of 0–4 
was arbitrary, no adjustments for multiplicity were made, 
and PGI-I responses were measured at week 4, whereas 
parameters for calculating the total pain burden were mea
sured across weeks 1–3. Thus, caution should be used 
when interpreting the results. We should also acknowledge 
that patients were allowed to take acute treatments, such as 
high-flow oxygen and subcutaneous sumatriptan, through
out the study. Use of these medications may impact 
aspects of episodic CH total pain burden, such as attack 
duration and, potentially, attack severity. However, use of 
acute medications, including high-flow oxygen and subcu
taneous sumatriptan, was similar between the galcanezu
mab and placebo groups at baseline, suggesting that the 
reduction in episodic CH total pain burden with galcane
zumab is particularly meaningful.

Conclusions
The reduction in average total pain burden associated with 
episodic CH across weeks 1–3 was significantly greater with 
galcanezumab than with placebo when measured using 
a composite of three pain dimensions (attack frequency, 
duration, and severity). Attack frequency and duration pro
vided a greater contribution than attack severity to the total 
pain burden score. Patients who reported feeling better on the 
PGI-I at week 4 showed a significantly lower average total 
pain burden than patients who did not feel better, suggesting 
construct validity of the composite measure, but this requires 
further validation. Measurement of total pain burden may 
provide a holistic approach to describing the pain experi
enced by patients with episodic CH.

Data Sharing Statement
Lilly provides access to all individual participant data col
lected during the trial, after anonymization, with the excep
tion of pharmacokinetic or genetic data.  Data are available 
to request 6 months after the indication studied has been 
approved in the US and EU and after primary publication 
acceptance, whichever is later.  No expiration date of data 
requests is currently set once data are made available.  

Access is provided after a proposal has been approved by 
an independent review committee identified for this purpose 
and after receipt of a signed data sharing agreement.  Data 
and documents, including the study protocol, statistical 
analysis plan, clinical study report, blank or annotated 
case report forms, will be provided in a secure data sharing 
environment.  For details on submitting a request, see the 
instructions provided at www.vivli.org.
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