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Abstract

Background: Fibromyalgia (FM) is a common pain condition characterized by widespread musculoskeletal pain
and tenderness. Pregabalin is an approved treatment for adults in the United States, but there are no approved
treatments for adolescents with FM.

Methods: This was a 15-week, randomized, double-blind, placebo-controlled study and 6-month open-label safety
trial of flexible-dose pregabalin (75–450 mg/day) for the treatment of adolescents (12–17 years) with FM. Primary
outcome was change in mean pain score at endpoint (scored from 0–10, with 24-h recall). Secondary outcomes
included global assessments and measures of pain, sleep, and FM impact.

Results: A total of 107 subjects were randomized to treatment (54 pregabalin, 53 placebo) and 80 completed the
study (44 pregabalin, 36 placebo). Improvement in mean pain score at endpoint with pregabalin versus placebo
was not statistically significant, treatment difference (95 % CI), −0.66 (−1.51, 0.18), P = 0.121. There were significant
improvements with pregabalin versus placebo in secondary outcomes of change in pain score by week (P < 0.05
for 10 of 15 weeks); change in pain score at week 15 (1-week recall), treatment difference (95 % CI), −0.87
(−1.68, −0.05), P = 0.037; and patient global impression of change, 53.1 % versus 29.5 % very much or much
improved (P = 0.013). Trends toward improvement with pregabalin in other secondary outcomes measuring pain,
sleep, and FM impact were not significant. Safety was consistent with the known profile of pregabalin in adults
with FM.

Conclusion: Pregabalin did not significantly improve the mean pain score in adolescents with FM. There were
significant improvements in secondary outcomes measuring pain and impression of change.

Trial registrations: NCT01020474; NCT01020526.

Keywords: Juvenile fibromyalgia, Clinical trial, Pain, Pregabalin
* Correspondence: Lesley.Arnold@uc.edu
List of additional Pregabalin Adolescent Fibromyalgia Study Group
investigators and their affiliations may be found in the Appendix
1University of Cincinnati College of Medicine, 260 Stetson Street, Suite 3200,
Cincinnati, OH 45219, USA
Full list of author information is available at the end of the article

© 2016 The Author(s). Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

http://crossmark.crossref.org/dialog/?doi=10.1186/s12969-016-0106-4&domain=pdf
http://orcid.org/0000-0003-0393-9948
https://clinicaltrials.gov/ct2/show/NCT01020474
https://clinicaltrials.gov/ct2/show/NCT01020526
mailto:Lesley.Arnold@uc.edu
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Arnold et al. Pediatric Rheumatology  (2016) 14:46 Page 2 of 11
Background
Fibromyalgia (FM) is characterized by widespread chronic
pain, sleep disturbance, and fatigue [1, 2]. FM can affect
both adults and adolescents, where it is associated with
significant impairment of social, emotional, and physical
functioning [3, 4]. The pathophysiology of FM in both
adults and adolescents is unknown; however, it is likely re-
lated to abnormalities in central nervous system pain and
sensory processing [5]. At the same time there appears to
be a familial component to FM, and both genetic and en-
vironmental factors likely influence its development [6, 7].
FM in adolescents is associated with significant im-

pairment in physical functioning, lower perceived health
status, and higher health care utilization compared with
age-matched healthy peers [7, 8]. For most patients
(>80 %), the symptoms of FM persist into young adult-
hood [7, 8]. Estimates of the prevalence of FM in ado-
lescents vary markedly, from 1.0 % up to 6.2 % [9–13].
These estimates are complicated by differences in the
diagnostic criteria used. Recognition and diagnosis of
FM in adolescents is often challenging, which can cause
frustration and anxiety in patients and their parents [7].
As FM is multi-symptomatic and consists of both

neurobiological and psychosocial components, a multi-
modal treatment approach is recommended [9]. Cognitive
behavioral therapy has been shown to be effective in im-
proving functional disability and symptoms of depression
in adolescent patients with FM [14], while exercise pro-
grams may also be an effective treatment option [15].
While there are 3 pharmacological treatments (pregabalin,
duloxetine, and milnacipran) approved for adult patients
with FM [16–18], there are no approved options for
adolescent patients with FM. We are aware of only 1
completed pharmacological trial in adolescent patients
with FM; an exploratory open-label trial of fluoxetine [19],
with clinical trials of milnacipran in adolescents with FM
terminated early due to low enrollment [20].
A study of pregabalin in adolescents with FM was a

United States Food and Drug Administration (FDA)
post-marketing requirement following approval of prega-
balin for the treatment of adults with FM in the United
States. Based on the evidence from clinical studies of
pregabalin in adults with FM [21–23], we hypothesized
that pregabalin would be safe and efficacious in reducing
pain severity in adolescents with FM. To test this hypoth-
esis, we conducted a randomized, placebo-controlled,
double-blind, parallel-group study and an open-label
safety study to assess the safety and efficacy of prega-
balin in outpatient adolescents meeting the Yunus
and Masi criteria for FM [24]. A flexible-dose range
of 75–450 mg/day was utilized in the study in order
to improve general tolerability by allowing a wider
dose range within the flexible-dose design. The ap-
proved dose range in adults with FM in the United
States is 300–450 mg/day, with a starting dose of
150 mg/day.

Methods
Study design
This was a 15-week, randomized, double blind, parallel-
group, placebo-controlled, flexible-dose, safety, and effi-
cacy study of pregabalin in adolescents (aged 12–17 years)
with FM. The study was conducted between May 2010
and December 2014 in 36 centers, including 28 in the
United States, 5 in India, 2 in Taiwan, and 1 in the Czech
Republic. The study consisted of 4 phases: screen/baseline
(1 week), dose optimization (3 weeks), fixed dose/main-
tenance (12 weeks), and follow-up/taper (1 week).
Subjects who participated in the above study were

given the option to receive pregabalin in a 6-month
open-label safety trial, with subjects who experienced a
serious adverse event (AE) during the double-blind study
excluded. The open-label study was conducted between
September 2010 and June 2015 in 19 centers, including
14 in the United States, 4 in India, and 1 in the Czech
Republic.
The protocols adhered to the International Ethical

Guidelines for Biomedical Research Involving Human
Subjects, the International Conference on Harmonisation
Good Clinical Practice guidelines, and the Helsinki Declar-
ation (2008). Subjects provided written informed consent
prior to participation (ClinicalTrials.gov, NCT01020474
and NCT01020526).

Patient population
For the double-blind study, subjects were between the
ages of 12 and 17 years and met the Yunus and Masi cri-
teria for FM [24] as follows: generalized musculoskeletal
aching at ≥ 3 sites for ≥ 3 months; ≥ 5 tender points;
and ≥ 3 of 10 minor criteria (chronic anxiety or tension,
fatigue, nonrestorative sleep, chronic headaches, irritable
bowel syndrome, subjective soft tissue swelling, numb-
ness, pain modulation by physical activities, pain modu-
lation by weather factors, pain modulation by anxiety or
stress). If ≥ 5 of the above minor criteria were present, 4
tender points were sufficient to satisfy the criteria. At
screening and randomization subjects were required to
have a score of ≥ 4 on the weekly pain numeric rating
scale (NRS). At randomization at least 4 pain diary en-
tries must have been completed for the preceding
7 days.
Subjects were excluded from the double-blind study if

they had pain due to other conditions that may con-
found assessment or self-evaluation of pain associated
with FM; systemic inflammatory musculoskeletal disor-
ders or rheumatic diseases other than FM; serious active
infections; untreated endocrine disorders; prior partici-
pation in a clinical trial of pregabalin, or a history of
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failed treatment with pregabalin, or were taking pregaba-
lin; unstable depressive disorders or were at risk of suicide
or self-harm; serious illness or abnormality that may have
increased the risk associated with study participation or
interfered with interpretation of study results; an active
malignancy or were immunocompromised; or a history of
illicit drug or alcohol abuse within the last 2 years. Medi-
cations used for relief of pain associated with FM were to
be discontinued prior to the trial; however, acetaminophen
(up to 3 g/day) as rescue medication was permitted. There
were no prohibited medications in the open-label study.
Patients were permitted to continue to receive stable (that
is, starting at least 30 days prior to randomization) non-
pharmacologic therapy (such as physical or psychological
therapy, massage, chiropractic care, or an exercise pro-
gram) throughout the study.

Study medication
Subjects were randomized 1:1 to receive pregabalin or
matched placebo according to a computer-generated
pseudorandom code using the method of random per-
muted blocks. Pregabalin or matched placebo was ad-
ministered orally twice daily. In both studies, subjects
were started at 75 mg/day from the end of week 1 and
escalated at each week over a 3-week period, based on
investigator assessment of safety and tolerability, to an
optimized dose of 75 mg/day, 150 mg/day, 300 mg/day,
or 450 mg/day. Subjects in the double-blind study re-
ceived their optimized dose for the 12-week mainten-
ance phase while subjects in the open-label study could
have their dose adjusted throughout the 6 months of
their study.

Efficacy outcomes
In the double-blind study, the primary efficacy outcome
was the change from baseline in mean pain score at end-
point based on the subject’s daily pain diaries (NRS),
performed daily in the afternoon/evening, with a 24-h
recall period. Secondary efficacy outcomes included
mean pain score at each week, from daily pain diaries
with a 24-h recall period; proportion of 30 % and 50 %
responders (subjects with a 30 % or 50 % improvement
in mean pain score from baseline at endpoint); the
change in mean pain score at week 15 with a 1-week re-
call period; patient global impression of change (PGIC);
and change from baseline in sleep quality score (11-point
NRS score from the daily diary; 0 = best possible sleep to
10 = worst possible sleep) at endpoint and at each week.
The study also included exploratory outcomes, which
were the parent global impression of change (parent GIC),
a version of the PGIC completed by the subject’s parent;
and the Fibromyalgia Impact Questionnaire for children
(FIQ-C), a modified version of the validated FIQ [25]
that addresses the adolescent population by replacing
references to work with references to daily activities
[26]; higher scores indicate greater impairment.
The open-label study also assessed the change in mean

pain score (NRS), with the scale completed at the clinic
at baseline and weeks 3, 8, 16, and 24 (with subjects
reporting their pain score for the previous week). Base-
line was defined as the last score prior to treatment in
the double-blind study (for subjects who had received
pregabalin in the double-blind study), or as the last score
prior to treatment in the open-label study (for subjects
who had received placebo in the double-blind study).

Safety evaluations
In both the double-blind and open-label studies, safety
and tolerability were assessed by monitoring AEs, includ-
ing clinically significant symptoms and signs, physical and
neurological examinations, vital signs (blood pressure and
pulse rate), body weight, edema assessments, Tanner sta-
ging, and suicidal ideation and behavior.

Statistical analysis
For the double-blind study, an estimation approach was
initially used to calculate the study sample size. As the
magnitude of the pain response in the adolescent FM
population was unknown, a sample size of 162 random-
ized subjects (81 in each treatment group) was selected
so that the 95 % 2-sided confidence interval (CI) of the
primary outcome would have a half-width of 0.65 with
coverage probability of 80 %, assuming an estimated
standard deviation (SD) of 2. During the study, the
US FDA requested the implementation of a formal
hypothesis-testing approach comparing the treatment
groups with appropriate sample size for that objective.
Under this approach, a blinded assessment of the
change in mean pain score of the 95 subjects who had
been randomized at that point was conducted. Based on
this blinded assessment and the placebo response in adult
patients with FM in prior trials of pregabalin [21–23, 27,
28], an estimated treatment difference of 1.12 was calcu-
lated. Assuming SD 2, a revised sample size of 106 was
estimated to provide at least 80 % power to detect a treat-
ment difference of 1.1 or more.
The primary analysis of the primary outcome was

assessed on the full analysis set (FAS) population using
analysis of covariance (ANCOVA) techniques, with
terms for baseline mean pain score, center, and treat-
ment in the model. Missing data were imputed by mul-
tiple imputation method (MI) based on distribution of
baseline pain scores if subjects discontinued due to AEs,
abnormal laboratory test results, or lack of efficacy;
otherwise, if subjects discontinued due to other reasons,
it was imputed based on distribution of post-baseline
weekly mean pain scores using a Markov chain Monte
Carlo method.



Completed Completed

Discontinued
N = 10

No longer willing to
participate: n = 5
Adverse events: n = 4
Insufficient clinical
response: n = 0
Protocol violation: n = 0
Other: n = 1

Discontinued
N = 17

No longer willing to
participate: n = 7
Adverse events: n = 4
Insufficient clinical
response: n = 3
Protocol violation: n = 2
Other: n = 1

Pregabalin
N = 54

Placebo
N = 53

Randomized to treatment
N = 107

Screened for eligibility
N = 147

Excluded
N = 40
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A number of sensitivity analyses of the primary
outcome were conducted using different methods for
imputation of missing data: a mixed-model repeated
measures (MMRM) analysis; baseline observation carried
forward (BOCF) for subjects with missing week 15 mean
pain score; last observation carried forward (LOCF) for
subjects with missing week 15 mean pain score; and modi-
fied baseline observation carried forward (mBOCF) for
subjects with missing week 15 mean pain score, which
applied the BOCF rule for subjects who discontinued due
to AEs and the LOCF rule for subjects who discontinued
due to any other reason.
Change in mean pain score at week 15 with a 1-week

recall period, proportion of 30 % and 50 % pain re-
sponders, and FIQ-C were assessed on the FAS population
using BOCF for imputation of missing data. Other sec-
ondary endpoints were assessed on the FAS population
using an MMRM model, with terms of treatment, center,
baseline value, visit week, and treatment-by-visit inter-
action. Statistical significance was assessed by Fisher’s
exact test. Changes in mean pain score in the open-label
study are reported using descriptive statistics.
Assigned: n = 63
Treated: n = 63
Completed: n = 49

Discontinued: n = 14
No longer willing to participate: n = 5
Adverse events: n = 2
Insufficient clinical response: n = 3
Protocol violation: n = 0
Other: n = 4

Open-label pregabalin

N = 44
Analyzed for efficacy:
FAS: n = 54
PPAS: n = 39

Analyzed for safety:
Adverse events: n = 54
Laboratory data: n = 52

N = 36
Analyzed for efficacy:
FAS: n = 53
PPAS: n = 33

Analyzed for safety:
Adverse events: n = 53
Laboratory data: n = 50

Fig. 1 Subject disposition. AE adverse event, FAS full analysis set,
PPAS per protocol analysis set
Post hoc efficacy analyses of patient subgroups in the
double-blind study
Post hoc analyses, not specified in the study protocol,
were conducted to examine the change in pain score by
geographic region. Change from baseline in mean pain
score at endpoint based on the subject’s daily pain diaries
with a 24-h recall period and proportion of PGIC re-
sponders were assessed for the subgroups of subjects from
the United States (US) and from all other countries (non-
US). Analyses were on the FAS population with missing
data imputed by LOCF.
Results
Double-blind study
Patient population
A total of 107 subjects were randomized to treatment
(54 pregabalin, 53 placebo) and 80 completed the study
(44 pregabalin, 36 placebo) (Fig. 1). The majority of
subjects (86.0 %) were female and the mean age of the
study population was 14.7 years (Table 1). A total of
95 (88.8 %) subjects met the 1990 American College
of Rheumatology FM diagnostic criteria [2] in addition to
the Yunus and Masi criteria [24].
The mean and median pregabalin doses during the

maintenance phase were 244.5 mg/day and 262.3 mg/
day, respectively. During this phase, 40.4 % of subjects
were treated with pregabalin 450 mg/day, 15.4 % with
300 mg/day, 19.2 % with 150 mg/day, and 25.0 % with
75 mg/day. In total, 29 subjects (55.8 %) were treated
with pregabalin at a dose level of 300–450 mg/day, the
approved dose range for adult patients with FM in the
United States.
The majority of subjects (74.1 % pregabalin, 77.4 %

placebo) were receiving concomitant drug therapy dur-
ing the trial. The most common concomitant treatments
were ibuprofen (42.6 % pregabalin, 34.0 % placebo);
paracetamol (35.2 % pregabalin, 35.8 % placebo); na-
proxen (18.5 % pregabalin, 13.2 % placebo); and salbuta-
mol (11.1 % pregabalin, 13.2 % placebo).
Primary efficacy outcome
The trend toward improvement in mean pain score with
pregabalin compared with placebo was not statistically
significant, treatment difference (95 % CI), −0.66 (−1.51,
0.18); P = 0.121 (Fig. 2). The sensitivity analyses of the
primary outcome showed the same trend toward im-
provement but were also not significant (Fig. 2).



Table 1 Subjects characteristics at baseline

Double-blind trial Open-label trial (N = 63)

Pregabalin (N = 54) Placebo (N = 53) Total (N = 107)

Hormonal status of female patients, n

48 44 92 53

Premenarchal, n (%) 1 (2.1) 1 (2.3) 2 (2.2) 2 (3.8)

Menarche, n (%) 47 (97.9) 43 (97.7) 90 (97.8) 51 (96.2)

Age, years

Mean (SD) 14.6 (1.2) 14.7 (1.2) 14.7 (1.2) 14.8 (1.4)

Range 12–17 12–16 12–17 12–17

Age, years, n (%)

12 4 (7.4) 3 (5.7) 7 (6.5) 4 (6.3)

13 5 (9.3) 6 (11.3) 11 (10.3) 8 (12.7)

14 15 (27.8) 8 (15.1) 23 (21.5) 10 (15.9)

15 18 (33.3) 21 (39.6) 39 (36.4) 19 (30.2)

16 10 (18.5) 15 (28.3) 25 (23.4) 16 (25.4)

17a 2 (3.7) 0 2 (1.9) 6 (9.5)

Race, n (%)

White 29 (53.7) 32 (60.4) 61 (57.0) 35 (55.6)

Asian 21 (38.9) 15 (28.3) 36 (33.6) 20 (31.7)

Black 2 (3.7) 3 (5.7) 5 (4.7) 4 (6.3)

Other 2 (3.7) 3 (5.7) 5 (4.7) 4 (6.3)

Weight, kg

Mean (SD) 60.4 (21.4) 59.7 (17.7) 60.1 (19.6) 61.6 (18.5)

Range 28.5–154.7 39.0–127.6 28.5–154.7 29.8–135.5

Height, cm

Mean (SD) 160.1 (7.6) 162.3 (8.2) 161.2 (7.9) 161.8 (8.3)

Range 141.0–177.8 147.0–183.0 141.0–183.0 141.0–184.0

Duration of FM symptoms, years

Mean (median) 1.7 (1.1) 2.1 (1.4) 1.9 (1.3) 0.8 (0.5)

Range 0.3–11.1 0.4–11.7 0.3–11.7 0.33.9
a The study protocol was amended to include subjects aged 17 years after the study had commenced
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Secondary efficacy outcomes
The change in weekly mean pain score with pregabalin
was significantly greater than with placebo (P < 0.05) for
10 of the 15 weeks assessed (Fig. 3). There was also a
significantly greater change in pain score at week 15
(with a 1-week recall) with pregabalin than with pla-
cebo, treatment difference (95 % CI), −0.87 (−1.68, −0.05);
P = 0.037.
PGIC response was significantly improved with prega-

balin versus placebo (P = 0.013), with 53.1 % of subjects
much improved or very much improved at endpoint
with pregabalin, compared with 29.5 % with placebo
(Fig. 4). Parent GIC response was also significantly im-
proved with pregabalin versus placebo (P = 0.011), with
51.0 % responders with pregabalin versus 25.0 % with
placebo (Fig. 3).
No significant differences were observed in the propor-
tions of 30 % and 50 % pain responders with pregabalin
than with placebo. The proportion of 30 % responders
was 33.3 % (18/54) with pregabalin and 31.4 % (16/51)
with placebo, P = 0.830. The proportion of 50 % re-
sponders was 16.7 % (9/54) with pregabalin and 7.8 %
(4/51) with placebo, P = 0.179.
Mean (SD) sleep quality scores at baseline were 5.8

(1.6) with pregabalin and 5.6 (2.5) with placebo. At each
week and at endpoint sleep quality scores showed
greater improvements for pregabalin than for placebo,
but most were not statistically significant. Treatment
differences (95 % CI) ranged from −1.01 (−1.73, −0.30)
at week 8 to −0.17 (−0.95, 0.61) at week 15; these were
significant at week 8 (P = 0.006) and week 10 (P = 0.037)
but not significant at any other week or at endpoint
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P = 0.121
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P = 0.057

-0.35 (-1.12, 0.42)
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Fig. 2 Primary efficacy outcome and sensitivity analyses in the double-blind trial BOCF baseline observation carried forward, CI confidence interval,
FAS full analysis set; LOCF last observation carried forward, mBOCF modified baseline observation carried forward (applying BOCF rule for subjects
discontinued due to adverse events and LOCF rule for subjects discontinued due to any other reason); SE standard error. For the primary outcome
the FAS was assessed, where missing data for week 15 mean pain score were imputed based on distribution of baseline pain scores if patients
discontinued due to adverse events or abnormal laboratory test results or lack of efficacy; otherwise, if subjects discontinued due to other reasons,
it was imputed based on distribution of post-baseline weekly mean pain scores using Markov chain Monte Carlo method. Mean (SD) pain score
at baseline was 6.94 (1.23) with pregabalin and 6.95 (1.27) with placebo
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(−0.48 [−1.02, 0.06]; P = 0.081). Mean (SD) FIQ-C total
score at baseline was 48.44 (8.61) with pregabalin and
46.50 (10.08) with placebo. Improvements in FIQ-C total
score and its subscales at endpoint with pregabalin over
placebo were also not significant; the least squares mean
difference (95 % CI) in FIQ-C total score compared with
placebo was −2.46 (−6.87, 1.95), P = 0.270.

Post hoc efficacy analyses
There were significant differences in change in pain scores
and PGIC response between subjects in the United States
(N = 67) and subjects from other countries (N = 40, in-
cluding 35 subjects from India, 4 from Czech Republic,
and 1 from Taiwan). The mean (median) maintenance
dose was 309.5 mg/day (377.5 mg/day) in US subjects and
140.5 mg/day (75.1 mg/day) in non-US subjects.
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Fig. 3 Mean pain score by week in the double-blind trial. *P < 0.05
for pregabalin compared with placebo at each week
The change in mean pain score with pregabalin
compared with placebo (95 % CI) was −0.78 (−1.89,
0.33), P = 0.1642 in US subjects, compared with −0.37
(−1.64, 0.90), P = 0.5600 in non-US subjects. Notably,
pain improvements were greater for non-US subjects for
both treatment groups; placebo-treated subjects had
mean (standard error) pain reductions from baseline to
week 15 of −0.52 (2.09) for US and −2.55 (1.72) for non-
US, and for pregabalin-treated subjects −1.11 (2.38) in
US and −2.99 (2.03) in non-US subjects. The difference
in the mean change in pain score (95 % CI) between US
and non-US subjects was significant with both pregaba-
lin (1.63 [0.24, 3.02]; P = 0.0222) and placebo (1.83 [0.69,
2.97]; P = 0.0023).
There was a significant PGIC response with pregabalin

in US subjects (P = 0.0159), with 38.7 % responders with
pregabalin and 10.0 % with placebo. In non-US subjects
there was no difference between pregabalin (77.8 %) and
placebo (71.4 %) (P = 0.7035). The difference in PGIC
response between US and non-US subjects was sig-
nificant with both pregabalin (P = 0.0164) and placebo
(P < 0.0001).

Safety
The most common AEs with pregabalin were dizziness
and (mainly mild) nausea (Table 2). Two serious AEs
(SAEs) occurred in 1 subject treated with pregabalin
(cholelithiasis and major depression). Six subjects had
severe AEs (3 pregabalin, 3 placebo). With pregabalin
they were migraine, cholelithiasis, and major depression
in 1 subject; pain; and ligament sprain. With placebo
they were gastroesophageal reflux disease, vomiting, and
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Fig. 4 Patient global impression of change and parent global impression of change in the double-blind trial. Responders were those who were
very much improved or much improved at endpoint. P values for pregabalin compared with placebo for each assessment. GIC Global impression
of change

Table 2 Adverse events by treatment group (all causalities) in
the double-blind trial

Pregabalin
(N = 54)

Placebo
(N = 53)

AEs, n 167 132

Patients with AEs, n (%) 38 (70.4) 34 (64.2)

Patients with serious AEs, n (%) 1 (1.9) 0

Patients with severe AEs, n (%) 3 (5.6) 3 (5.7)

Discontinuations due to AEs, n (%) 4 (7.4) 4 (7.5)

Common AEsa, n (%)

Dizziness 16 (29.6) 7 (13.2)

Nausea 12 (22.2) 5 (9.4)

Headache 10 (18.5) 10 (18.9)

Weight increased 9 (16.7) 0 (0.0)

Fatigue 8 (14.8) 4 (7.5)

Somnolence 5 (9.3) 2 (3.8)

Oropharyngeal pain 4 (7.4) 2 (3.8)

Pain in extremity 4 (7.4) 0 (0.0)

Pyrexia 4 (7.4) 3 (5.7)

Back pain 3 (5.6) 5 (9.4)

Upper respiratory tract infection 3 (5.6) 4 (7.5)

Vomiting 3 (5.6) 4 (7.5)

AE adverse event
a Occurring in at least 5 % of subjects taking pregabalin
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headache in 1 subject; depressed mood and emotional
disorder in 1 subject; and anemia. A total of 11 subjects
(21.6 %) with pregabalin (none with placebo) experienced
a weight gain of ≥7 %.
No clinically relevant findings were observed in physical

examination, neurological examination, vital signs, labora-
tory test results, Tanner staging, and electrocardiogram;
no positive pregnancy test results or pregnancies were
reported.

Open-label study
A total of 63 subjects were enrolled in the open-label
safety study and treated with pregabalin (40 from the
United States, 20 from India, and 3 from Czech Repub-
lic), with 49 subjects completing the study. The mean
(median) pregabalin dose during the maintenance phase
was 254.3 (284.8) mg/day.
Improvements in pain score were observed in the

open-label study both in subjects previously receiving
pregabalin and in subjects previously receiving placebo.
The mean (SD) pain score for all subjects was 6.7 (1.7)
at baseline, 7.2 (1.2) in subjects receiving pregabalin in
the double-blind study, and 6.1 (2.0) in those receiving
placebo. The mean (SD) pain score at final visit was 4.6
(2.4) for all subjects together, an improvement of 2.1. In
subjects who received pregabalin in the double-blind
phase, the mean pain score was 4.2 (2.4) at final visit, an
improvement of −2.9. In subjects who received placebo
in the double-blind phase, mean pain score was 4.9 (2.4)
at final visit, an improvement of −1.2.
A total of 45 subjects (71.4 %) experienced 1 or more

AEs. Of these, 2 subjects (3.2 %) discontinued treatment
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due to AEs. A total of 3 subjects (4.8 %) experienced an
SAE (migraine, appendicitis, and joint instability), and
6 subjects (9.5 %) experienced 1 or more severe AEs
(appendicitis, pneumonia, arthralgia, joint instability,
disturbance in attention, migraine, and mood swings).
The most commonly reported AEs were dizziness (14
subjects, 22.2 %); fatigue (8 subjects, 12.7 %); headache (6
subjects, 9.5 %); and nausea, abdominal pain, and upper
abdominal pain (all 5 subjects, 7.9 %). A total of 18 sub-
jects (29.0 %) experienced a weight gain of ≥7 %. As with
the double-blind study, no other clinically relevant find-
ings were reported.

Discussion
In this randomized, double blind, parallel-group, placebo-
controlled trial in adolescents (aged 12–17 years) with
FM, pregabalin did not significantly improve the primary
outcome of mean change in pain score at endpoint. Cer-
tain secondary and exploratory outcomes measuring pain
and impression of change were significantly improved
with pregabalin. Other secondary outcomes, including
FIQ-C and most sleep quality assessments, demonstrated
greater improvements with pregabalin compared with pla-
cebo, but these were not statistically significant. The safety
results in the double-blind and open-label studies were
similar to the established safety profile in adults with FM.
While the treatment difference in the primary out-

come in the double-blind study was not significant, the
treatment effect on pain with pregabalin (−0.66) was
within the range of those seen in prior clinical trials of
pregabalin in adults with FM that had demonstrated a
statistically significant treatment effect [21–23, 28]. In
those trials the treatment effect (at approved doses)
ranged from −0.44 [28] to −0.98 [21]. At the same time,
the overall placebo response in this study was not mean-
ingfully different from that in previous trials. The change
in mean pain score at endpoint with placebo was −0.94 in
this study compared with a range of −1.03 [28] to −1.40
[22] in prior trials.
In studies of pregabalin in adults with FM, patients

were treated with a minimum of 300 mg/day (with the ex-
ception of the first study, which included the 150 mg/day
dose level) [22], and pregabalin is approved in adults at
doses of 300 or 450 mg/day [17]. In this double-blind
study, almost half (44.2 %) of the subjects were
treated with a maintenance dose of pregabalin that was
<300 mg/day.
Post hoc analyses of the double-blind study revealed

significant differences in response between subjects from
the United States and those from other countries. For
example, the median dose of pregabalin in non-US sub-
jects was 75 mg/day, indicating that the majority of non-
US subjects received a much lower dose than has been
shown to be efficacious in adults. As these subjects had
a notably smaller treatment effect with pregabalin, this
might have initially suggested that utilizing a fixed,
higher dose of pregabalin could have changed the out-
come of this study. However, the placebo response in
non-US subjects was notably large; the change in pain
score at endpoint with placebo was −2.55, compared
with −0.52 in US subjects. At the same time, 71.4 % of
non-US subjects treated with placebo indicated that
their condition was very much improved or much im-
proved at endpoint, compared with 10.0 % of placebo-
treated US subjects. This notably large placebo response
suggests that a higher dose of pregabalin alone would
have been unlikely to have resulted in a significant treat-
ment difference in these subjects.
It is not clear why the placebo response was particu-

larly high in non-US subjects. It has been suggested that
the increased support and frequency of direct interaction
with healthcare providers in a clinical trial can improve
patients’ sense of well-being and satisfaction and con-
tribute to a greater placebo response [29]. This may be
particularly true for a condition such as FM which can
benefit from a higher degree of interaction with health-
care professionals [30] and in which the lack of valid-
ation of FM as a disease has been shown to negatively
affect FM patients’ sense of well-being [31]. However, it
is not clear why this effect should be significantly more
pronounced in the non-US subjects included in this
study.
The adolescent FM population is not as well character-

ized as the adult FM population, and this double-blind
study included a number of newer exploratory outcomes.
Responses on the exploratory outcome of parent GIC
were shown to be consistent with the more established
method of PGIC, suggesting the parent GIC could be an
effective measure in future trials in this population. While
the change in FIQ-C total score with pregabalin compared
with placebo in the double-blind study (−2.46) was not
statistically significant, it was within the range of FIQ
scores that were seen in prior studies of pregabalin in
adults with FM [21, 23, 28] in which the treatment differ-
ence ranged from −2.05 [23] to −5.24 [21]. This similarity
in change in FIQ-C total score between studies was des-
pite the fact that baseline FIQ-C scores in this study (~47)
were less severe than the baseline FIQ scores in prior
studies (~60) [21, 23, 27]. The FIQ-C may be useful as an
outcome measure in future trials in this adolescent popu-
lation, although further validation is required.
The incidence and nature of AEs with pregabalin in

this trial were similar to that in trials of pregabalin
conducted in adults with FM [21–23, 28]. There were,
however, some exceptions. The incidence of nausea in
the double-blind study (22.2 %) was higher than in pre-
vious trials in adult patients in which it was ~8 %, typic-
ally less than the incidence with placebo in those trials
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[21, 23, 27]. The incidence of fatigue was also higher in
the double-blind study than in prior trials in adults
(14.8 % vs ~7.5 %). The incidence of somnolence in the
double-blind study was lower than in prior trials in
adults (9.3 % vs ~20 %). The reasons for these differences
are not clear. FM in adolescents is commonly associated
with symptoms of fatigue [7], which may make adolescent
patients more prone to this AE with pregabalin. In the
open-label study, there was typically a lower incidence of
each common AE. The incidence of nausea was 7.9 %,
similar to that seen with placebo in the double-blind trial
and with pregabalin in prior trials in adults.
It was challenging to recruit patients into this trial; it

required 4.5 years to enroll 107 subjects. Given the trend
toward improvement in the primary efficacy outcome, it
may be that the outcome could have been different if
there was a larger sample size. A recent planned ran-
domized withdrawal trial in adolescents with FM also
found it challenging to recruit sufficient numbers of
patients and was terminated prior to completion [20].
Clinical trials in pediatric populations are an ongoing
challenge [32] and in the terminated trial, as in this one,
Table 3 Investigatorsa in the Pregabalin Adolescent Fibromyalgia St

Investigator Institution

Anthony Alario University of Ma

Sushrut Sudhir Babhulkar Sushrut Hospita

Ramon Berenguer Florida Medical

Pamela Freeman Rheumatology A

Jeffrey Gold Children’s Hospi

Steven Goodman Delray Research

Hana Jarosova Bioregeneracni

Wendy Lee South Carolina R

Jonathan Liss Medical Researc

Svetlana Lvovich St. Christopher's

Adonis Maiquez Harmony Clinica

Nabil Morcos Apex Research I

Shankara Nellikunja Mallikatta Neuro

Murray Passo Medical Univers

Laura Schanberg Duke University

Vijai Prakash Sharma King George’s M

Charles Spencer Nationwide Chil

Mary Toth Akron Children's

Sarath Chandra Mouli Veeravalli Krishna Institute

Wen-Chin Weng National Taiwan
a Investigators listed in alphabetical order by last name

Appendix
recruitment efforts were likely limited by the underrecog-
nition of FM in adolescents [7, 20]. Greater recognition of
FM in adolescents and reassurance of patients, and their
parents, that the condition can be managed, even in the
absence of a definitive medical cause, may encourage
families to engage with treatment recommendations
[7] and to consider enrolling in clinical trials.
Conclusions
This was the first completed large, randomized, placebo-
controlled trial of a pharmacological treatment in ado-
lescent patients with FM. No approved pharmacological
treatment options are available for this patient popula-
tion and, while this trial did not meet its primary efficacy
outcome, improvements in secondary outcomes of pain
and impression of change, together with a safety profile
that was consistent with the known profile in adults with
FM, suggest that patients might benefit from pharmaco-
logical treatments. We hope that this trial encourages
further investigation into effective treatment options for
adolescent patients with FM.
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