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Summary

Fibromyalgia is a common disorder associated with a high symptom burden and a low health-
related quality of life, impacting daily functioning, working capacity, and social participation.
Fibromyalgia is characterised by diffuse pain and tenderness related to healthy tissues and
constitutes a prototype of nociplastic pain, where the pain is caused by augmented central pain
processing. Its prevalence in the general population is about 2%, with a small female predominance.
However, due to controversies and different beliefs among physicians, fibromyalgia is
underdiagnosed in clinical patient populations, and the gender distribution is skewed, with more
than 90% of the diagnosed being women. Diagnosing fibromyalgia timely and when appropriate
can prevent unnecessary investigations and worries related to diagnosis uncertainty, support better
self-care and guide a targeted pharmacological treatment strategy. In Denmark, patients with
fibromyalgia can be referred to a specialised pain care centre where treatment is offered
individually, combining pharmacological treatments with cognitive and behavioural therapeutic
interventions. Guideline-recommended pharmacological treatments for fiboromyalgia are centrally-
acting drugs which influence neurotransmitters involved in central pain processing, e.g. pregabalin,
which inhibits facilitatory neurotransmitters, or duloxetine, which promotes the release of inhibitory
neurotransmitters. However, effect sizes are small, side effects are common, and only a minority of
fibromyalgia patients benefit substantially from these treatments. During the last decade, an
increased use of low-dose naltrexone (LDN) as an off-label treatment for fibromyalgia has been
observed. A few small preliminary studies on the efficacy of LDN on fibromyalgia have shown
promising results. However, these studies are potentially biased by several methodological
weaknesses, with a risk of overestimating the effect. The aim of this thesis is twofold. Firstly,
investigating how new survey-based diagnostic criteria for identifying fiboromyalgia perform among
patients with mixed chronic pain syndromes, and secondly, investigating the efficacy of LDN for
treating fibromyalgia pain using robust methodology. The studies presented here include one
diagnostic accuracy study (Study 1) and two drug trials with LDN (Study Il and Study I11).

Study I (published in Scand J Pain 2021) investigated the diagnostic accuracy of the survey-based
2016 diagnostic criteria for fibromyalgia in a population of patients with mixed chronic pain
syndromes referred to specialised pain care. No similar studies have previously been performed.
The 2016 criteria showed a high sensitivity and an acceptable specificity in the present population,
thus bringing new evidence that these criteria are valuable for the clinical identification of
fibromyalgia and for identifying fibromyalgia for research purposes in specialised pain care
settings.

Due to a skewed gender distribution among patients diagnosed with fibromyalgia, only women with
fibromyalgia were included in the LDN trials. Study Il (published in Pain Med 2020) investigated
dose-response relationships using the “up-and-down” method, and results and experiences from
Study 11 served to qualify the feasibility of Study I11. Study I11 (published in Lancet Rheum 2023)
investigated the clinical efficacy of 6 mg naltrexone on pain in women with fibromyalgia using a
randomised, placebo-controlled, double-blind (RCT) design. Results from the RCT showed no
general pain-relieving effect of LDN compared to placebo in women with fibromyalgia. Differences



regarding 30% pain responders approached statistical significance, indicating that there might be
more pain responders to LDN than to placebo. Among the secondary outcomes, a significant
positive effect on memory problems was observed in favour of LDN. No concerns were raised
about safety. Study 111 was performed according to the highest standards for conducting and
reporting clinical trials, represents the largest trial of its kind to date, and thus contributes
substantially to the current knowledge about the efficacy of LDN for treating fibromyalgia.

To summarise, the findings from the current thesis support the use of the survey-based 2016
diagnostic criteria for fiboromyalgia as an easy-to-apply tool for fibromyalgia identification in
clinical practice and for research purposes in specialised pain care settings. The RCT could not
demonstrate that LDN has a general effect on fibromyalgia pain. However, a trend towards more
pain responders was found for the LDN group compared to placebo, and subgroups that benefit
from LDN treatment might exist and call for further studies.



Dansk resume

Fibromyalgi er en lidelse hvor kerne symptomet er diffust udbredte smerter eller gmhed, som ikke
kan forklares af sygdom i det smertefulde vaev. Smerterne menes at veere forarsaget af en aendret
forarbejdning af smertesignaler i centralnervesystemet karakteriseret ved gget aktivitet i
smertefgrende nervefibre og i hjerneomrader involveret i smertebearbejdning. Tilstanden pavirker
ofte bade funktionsniveau, arbejdsevne og social deltagelse og kan pavirke livskvaliteten
vaesentligt. Fibromyalgi er en almindelig tilstand, der findes hos ca. 2% af befolkningen, heraf er ca.
60% kvinder. Pa grund af forskellige holdninger til sygdommen blandt laeger bliver diagnosen dog
ofte ikke stillet. Dette geelder iseer maend, og 90% af de diagnosticerede er derfor kvinder. Der er
flere gode grunde til at diagnosticere fibromyalgi, nar det er relevant. Dels kan en korrekt diagnose
forebygge bekymringer hos patient og leege og hermed forhindre ungdvendige undersggelser.
Desuden vil en diagnose kunne statte bedre egenomsorg og guide den rette behandling. | Danmark
kan patienter med fibromyalgi blive henvist til et Smertecenter, hvor behandlingen tilrettes
individuelt, og hvor medicinske og psykologiske behandlingsformer kombineres. De medicinske
behandlinger, der i dag anbefales til behandling af fibromyalgi, er preeparater, der virker i
centralnervesystemet, hvor de enten fremmer frigivelsen af smertedempende signalstoffer eller
blokerer frigivelsen af smerteaktiverende signalstoffer. Desveerre har disse preeparater ikke en
generelt god effekt pa fibromyalgi. De kan vaere forbundet med mange bivirkninger, og kun en
mindre gruppe af patienter med fibromyalgi har gavn af medicinen. Gennem det seneste arti har
man kunnet observere et stigende forbrug af lav dosis naltrexone (LDN) til behandling af
fibromyalgi. Der findes kun fa sma studier der har undersggt effekten af 4.5 mg LDN pa
fibromyalgi. Disse studier har vist lovende resultater, men kvaliteten af studierne har generelt vaeret
lav og det gger risikoen for at effekten bliver overvurderet. Ingen studier har undersggt effekten af
andre doser end 4.5 mg LDN til behandling af fioromyalgi. De overordnede formal med denne
afhandling er 1) at undersgge traefsikkerheden af nye spgrgeskema baserede diagnose kriterier for
fibromyalgi blandt patienter henvist til et Smertecenter, og 2) at undersgge effekten af LDN til
behandling af patienter med fibromyalgi. Afhandlingen omfatter et studie omkring diagnostisk
treefsikkerhed (Studie 1) og to leegemiddelforsgg med LDN, et dosis forsgg (Studie I1) and et
lodtreekningsforsgg (Studie 111).

Studie I undersggte treefsikkerheden af de sakaldte 2016 kriterier for fiboromyalgi blandt patienter
med forskellige typer af kroniske smerter henvist til et Smertecenter. Der er ikke tidligere lavet
lignende studier. Studiet viste en hgj traefsikkerhed af 2016 diagnose kriterierne og understatter, at
de kan bruges pa Smertecentrene til at identificere patienter med fibromyalgi bade til kliniske og
forskningsmassige formal.

Studie 11 havde til formal at kvalificere en passende test dosis til det efterfalgende
lodtrekningsforseg (Studie 111). | Studie 11 blev LDN doser op til 6 mg afprgvet hos kvinder med
fibromyalgi og forsgget pegede pa, at 6 mg kunne vere en mere effektiv test dosis end 4.5 mg. Det
blev derfor besluttet at teste effekten af 6 mg LDN sammenlignet med placebo hos kvinder med
fibromyalgi i Studie I11. Resultaterne fra lodtreekningsstudiet viste ingen generelt god
smertestillende effekt af LDN sammenlignet med placebo. Derimod pegede resultaterne pa at nogle



fibromyalgi patienter maske kan have en klinisk relevant smertestillende effekt af behandling med
LDN. Effekten pa en reekke andre fibromyalgi symptomer blev ogsa undersggt, og her pegede
resultaterne pa en mulig effekt pa hukommelsesproblemer. Studiet afslgrede ingen problemer med
sikkerheden i forhold til brugen af LDN. Studie 111, som er det til dato starste forsgg af sin slags,
blev udfart efter de hgjeste standarder for udferelse og rapportering af kliniske leegemiddelforsag,
og bidrager vaesentligt til vores viden om effekten af LDN til behandling af fibromyalgi.

De overordnede konklusioner pa denne afhandling er: 1) De spgrgeskema baserede 2016 kriterier
kan anvendes af Smertecentre til at identificere patienter med fibromyalgi, bade til kliniske og
forskningsmassige formal. 2) Der ser ikke ud til at veere en generel effekt af LDN pa smerter hos
patienter med fibromyalgi, men der er sandsynligvis nogen patienter med fibromyalgi, som har en
klinisk relevant smertelindrende effekt. Der er fortsat brug for flere lodtreekningsforsgg i fremtiden,
far man kan konkludere noget endeligt om den smertestillende effekt af LDN pa fibromyalgi.
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ICD
NSAIDs
ACR
FSQ
LDN
CNS
TSP
QST
fMRI
CPM
GABA
CSF
MOR
WPI
SSS
CWP
FIQ
FIQR
NRS
SIQR
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TLR
TCA
RCT
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RR

Cl
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International Classification of Diseases
Non-steroidal anti-inflammatory drugs
American College of Rheumatology
Fibromyalgia Survey Questionnaire

Low dose naltrexone

Central nervous system

Temporal summation of pain

Quantitative sensory testing

Functional magnetic resonance imaging
Conditioned pain modulation
y-aminobutyric acid

Cerebrospinal fluid

Mu opioid receptors

Widespread pain index

Symptom severity score

Chronic widespread pain

Fibromyalgia Impact Questionnaire
Fibromyalgia Impact Questionnaire revised
Numeric rating scale

Symptom Impact Questionnaire revised
The original European League Against Rheumatism
Toll-like receptor

Tricyclic antidepressant the original
Randomised controlled trial

Standard mean difference

Risk ratio

Confidence interval

Serotonin noradrenaline reuptake inhibitor
Visual analoug scale

OMERACT Outcome Measures in Rheumatological Clinical Trials

PGI-C
ED50
ED95
PGI-I
IS
ITT
PP
NNT
NNH
MID

Patient global impression of change
Median effective dose in 50%

Median effective dose in 95%

Patient Global Impression of Improvement
Insomnia severity index

Intention-to-treat

Per Protocol

Number needed to treat

Number needed to harm

Minimal clinical difference
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Chapter 1. Introduction

With the 11" revision of the International Classification of Diseases (ICD) in 2018, chronic pain
was recognised as a disease in its own right (1). Fibromyalgia represents a well-described subgroup
of patients with chronic pain, classified as a chronic primary pain disorder according to ICD-11 (2).
Although the exact underlying aetiology is not fully understood, fibromyalgia is considered a
central sensitivity syndrome, with amplification of sensory and nociceptive signals leading to
diffuse pain and tenderness combined with somatic symptoms and environmental hypersensitivity
(3). Mechanisms underlying chronic pain can be nociceptive, neuropathic, nociplastic, or a mix of
these (4). Nociplastic pain refers to a state of augmented pain processing with fibromyalgia as a
proposed prototype (5, 6). Fibromyalgia has a prevalence of about 2% in the general population, is
strongly associated with disability and often has a high impact on activities of daily life, working

capacity, and social participation (7, 8).

In Denmark, patients with chronic pain, including fibromyalgia, can be referred for treatment at a
specialised pain care centre, where different treatment elements are integrated in a personalised
approach (9). Pharmacological treatments aim to reduce pain intensity and/or increase daily
function and should preferably be mechanism-based instead of symptom-based (10). Analgesics
that are effective for nociceptive pain, such as acetaminophen, non-steroidal anti-inflammatory
drugs (NSAIDs) and opioids, have proven ineffective for the treatment of fibromyalgia (11).
Current guideline-recommended pharmacological treatments for fibromyalgia are centrally-acting
drugs that act by lowering excitatory neurotransmitters (e.g. pregabalin) or increasing the release of
inhibitory neurotransmitters (e.g. duloxetine) (12). Thus, fibromyalgia identification in specialised

pain care settings can be valuable for guiding the pharmacological treatment approach.

Rheumatologists have traditionally diagnosed fibromyalgia, and current criteria for diagnosis and
classification have been developed and initially validated in rheumatological populations. The
widely used American College of Rheumatology (ACR) 1990 tender point based criteria (13) have
been criticised as being too difficult to use and for capturing an extreme end of a pain and
tenderness spectrum, whereas other essential fiboromyalgia symptoms are disregarded (14, 15).
Thus, ACR endorsed new symptom-based diagnostic criteria in 2010 based on a survey combining
a widespread pain index and a symptom severity score (16). A self-administration version, named
the Fibromyalgia Survey Questionnaire (FSQ), has been developed (16). In the initial version, the

ACR2010 criteria could be satisfied with only three pain sites if combined with a high symptom
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score. These criteria performed well in rheumatological populations, but when subsequently applied
to a chronic pain population, they were shown to misclassify a very high percentage of patients with
regional pain syndromes as having fibromyalgia (17). As a result, a revision was made in 2016,
adding a generalised pain criterion, requiring pain in 4 of 5 body sites (18). The 2016 fibromyalgia
criteria have shown good discriminative power in rheumatological populations (19). These new
symptom-based criteria could be potentially valuable as an easy-to-apply method for the

identification of fiboromyalgia in chronic pain populations.

Many patients with fibromyalgia fail to respond to or have intolerable side effects from guideline-
recommended pharmacological treatments (20, 21), and new effective treatment options are highly
warranted. In 2014, low dose naltrexone (LDN) was proposed as a new promising treatment for
fibromyalgia and other chronic pain syndromes (22), and a rising utilisation was subsequently
observed (23). The evidence for a pain effect has only been supported by a few small studies testing
the efficacy of LDN versus placebo in women with fibromyalgia (24, 25). These studies had several
methodological weaknesses, with a risk of overestimating the effect (26). Furthermore, issues
regarding dose-response have not been studied, and a similar dose of 4.5 mg was used in all the
preceding LDN/fibromyalgia trials.

In summary, pain specialists are in need of well-established diagnostic criteria for identifying
fibromyalgia to support a mechanism-based pharmacological treatment strategy, and the

introduction of new treatments must be based on evidence regarding dosing, efficacy, and safety.

1.1. Aims of the thesis
The overall aim of the current thesis was to improve current knowledge regarding diagnosis of

fibromyalgia in specialised pain care settings and treatment efficacy of LDN for fibromyalgia.
Aims at the study level were:

Study I: To investigate the diagnostic accuracy of the 2016 diagnostic criteria for fiboromyalgia in a

population of patients with mixed chronic pain referred to specialised pain care.

Study I1: To explore dose-response relationships for naltrexone in a low dose range on the
improvement of global impression and pain in women with fibromyalgia, using the “up-and-down”

method.
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Study I11: To investigate if treatment with LDN for 12 weeks had a superior effect on pain in
women with fibromyalgia compared to placebo. The secondary aims were to investigate pain-
responder indices and effects on other symptoms, daily functioning, total impact, health-related

quality of life, and global impression following treatment with LDN for 12 weeks.

1.2. Overview of methods and materials used in the studies included in the thesis

Mixed chronic pain population

Identification of fibromyalgia

M

AR

Diagnostic accurracy of fibromyalgia criteria

L

Women with fibromyalgia

=

MNaltrexone

Women with fibromyalgia

Study |
|

A cross-sectional sample of
patients referred to two
Danish specialised pain care
centres
N=215
A prospective
diagnostic accuracy study

Population

The performance of the 2016
diagnostic criteria was
assessed using a clinical
diagnosis of fibromyalgia
based on the expert opinion
of a pain specialist as the
reference standard.

Randomised controlled trial

T

Study Il
1l

Women with fibromyalgia
who had completed
treatment at a Danish
specialised pain care centre
N=27
A prospective
dose-response
study
Naltrexone in the dose
range between 0.75 mg and
6 mg, with dose intervals of
0.75 mg, were tested using
the “up-and-down”
method.

Maltrexone & mg

Investigation of dose and response

E a

Placebo

Study Il
1+ 1V

Women with fibromyalgia
recruited from all over
Denmark
N=99

A randomised,
double-blinded, placebo-
controlled trial
Participants were allocated 1:1
to treatment with Naltrexone 6
mg once daily or an identically
appearing placebo tablet. The
treatment period was 12
weeks.
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Chapter 2. Background on fibromyalgia

The clinical phenotype associated with fibromyalgia has been described for centuries and labelled

29 ¢¢

with different descriptive terms such as “non-articular rheumatism,” “muscular rheumatism,” or
“fibrositis” (27). When consensus classification criteria, endorsed by the ACR, was published in
1990, the term “fibromyalgia” was adopted. Fibromyalgia was subsequently incorporated as a

diagnosis (as a subcategory of unspecified rheumatism) in the World Health Organization’s 10"

revision of the ICD from January 1%, 1993 (28).

With the recent 11" revision of ICD in 2018, fibromyalgia is now classified as a chronic primary
pain disorder (2). Chronic primary pain is a top-level diagnosis, with chronic widespread pain and

fibromyalgia representing second and third-level diagnoses, respectively (Figure 2-1).

Chronic pain in one or more anatomical regions that

1. persists or recurs for longer than 3 months

Top level Chronic Pr{mw 2. is associated with significant emational distress and/or
pain significant functional disability

3. and the sympoms are not better accounted for by another

diagnosis

Chronic primary pain with diffuse
2nd level Chronic musculoskeletal pain in at least 4 of 5 body
widespread pain regions (4 body quadrants and axial skeletan)

Chranic widespread pain associated
with sleep disorder, cognitive
3rd level Fibromyalgia dysfunction, and somatic symptoms

*Dafinitions repeatedly revised

Figure 2-1. Scematic overview of the hierachy of pain diagnoses according to
ICD-11, with fibromyalgia as a third level diagnose

2.1. The clinical features of fibromyalgia
The clinical characteristics of fibromyalgia (Figure 2-2) can be attributed to a generalised state of
central sensitisation, with amplification of nociceptive, non-nociceptive and environmental stimuli

(3). The dominant feature of fiboromyalgia is diffuse pain and tenderness perceived from
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musculoskeletal tissues, where no structural changes or inflammation can be identified (11). A

reduced threshold to mechanical and noxious stimuli clinically presents as diffuse allodynia or

hyperalgesia to pressure, touch, heat or cold. Central symptoms such as disturbed sleep, fatigue, and

dyscognition are present at a moderate to severe level. The amplification of non-nociceptive body

signals can cause symptoms from all organ systems, e.g. sensory hypersensitivity, nausea,

dyspepsia, dysuria, hyperactive bladder, paraesthesias, balance problems, dizziness, tinnitus, blurred

vision, shortness of breath, palpitations, dysmenorrhea, itching, and subjective fevers. Pain is often

aggravated by activity, emotional distress, and environmental factors (e.g. weather changes) (3).

Earlier adverse life events might contribute to a cognitive-emotional sensitisation, which clinically

presents as low-stress tolerance, worry/anxiety or dysthymia/depression (29).

PAIN SYMPTOMS
* Generalised pain
Aelated to healthy tissies
Mechanical hyperalgesia
i- *ain evoked by pressure

Alladynia
» *ain evoked by touch
EMOTIONAL SYMPTOMS
“emt  Increased arousal

Mood disorders
rysforia, deprassion
Tel Low stress tolerance
Viskress

FIBEROMYALGIA SYMPTOMS
(m) (M CENTRALSYMPTOMS
_-}il-;& ': NEQMINia
.fm oy Unrefreshed after sleep
| |I '-j F: | at gL e
) | II | Fatigue
'.f | {llll| Early muscular exhaustion
(,,./II / I)\ }I \ ll\ f |"I ')u\v. Jﬁ- \ Dyscognition
1.| | .‘”, Ao L A5 F O
dﬂ{,!-" |I | | .f'“: ( _»IL,_,.} --.-:" Poor memary and concentration
VL I OTHER SYMPTOMS
|J I;"..*' r'5.||l,1‘ﬁ Sensory |-,-_||_r5L 150t ~'I|.'|-
i | o
!J-'-J.; Somatic symptoms
{“‘I‘ ]\-\) E'E;I" rritabde boweal, hyparactive bladder
Meurological symptoms
SYMPTOMS AGGRAVATED Paraestasia, balance problems

BY STRESS, ACTIVITY, HEAT/COLD

Figure 2-2. The clinical characteristics of fibromyalgia

2.2. Prevalence in general and patient populations and gender distribution

’_’?'L‘D @)GI@":

In a 2017 review, the total prevalence of fibromyalgia was estimated to be 1.78% in the general

population worldwide (8). However, a very high variability of estimates has been found across

many prevalence studies (8, 30). These differences reflect a high heterogeneity in the criteria used

to identify fibromyalgia (Table 2-1).
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Table 2-1. Overview of criteria used for the identification of fibromyalgia in prevalence studies.

Criteria used in different prevalence studies

ACR1990 criteria

ACR2010 criteria

Fibromyalgia Impact Questionnaire (FIQ)

London Fibromyalgia Epidemiology Study Screening Questionnaire (LFESSQ)
Community Oriented Program for the Control of Rheumatic Diseases (COPCORD)
1CD-10

Self-reported by patients

Clinical diagnosis based on expert opinion

Which criteria are used to validate a fibromyalgia diagnosis can also greatly influence the estimated
gender distribution (31). Prevalence studies in patient populations using a clinically verified
diagnosis of fibromyalgia typically estimate that more than 90% of cases are women (32). When
applying symptom-based criteria in population-based studies, the gender distribution is more even,
with about 60% of cases being women (31). These differences might reflect that the composition of
patient samples are biased by several factors, e.g., referral patterns, patient and physician beliefs,
etc. In contrast, symptom-based criteria applied to a general population sample will identify all

individuals fulfilling the criteria, including non-diagnosed individuals (31).

Secondary-concomitant fiboromyalgia is found in up to 30% of patients suffering from painful
inflammatory or autoimmune diseases (e.g. rheumatoid arthritis, systemic lupus erythematosus, or
ankylosing spondylitis), contributing to increased morbidity (33, 34). In populations with central
sensitivity pain syndromes such as migraine, tension-type headache, temporomandibular disorder,
irritable bowel disease and interstitial cystitis, up to 40% have co-morbid fibromyalgia (34). A
higher prevalence of fibromyalgia has also been found in patients with diabetes, heart, renal,
pulmonary, psychiatric, and other diseases (35). An increasing number of comorbidities increases
the risk of concomitant fibromyalgia, with a prevalence of 55% in patients with four or more
comorbidities (35).

2.3. Pathophysiological mechanisms

Much evidence supports that fiboromyalgia is associated with abnormal pain processing, with signs
of peripheral and central sensitisation, altered modulation of pain signals with imbalances in

excitatory and inhibitory neurotransmitters, and altered functional connectivity in pain-processing
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brain areas (36). Both genetic factors and “psychological sensitisation” seem to predispose some
individuals to an augmented pain perception (29). More recent evidence has revealed an
association with increased neuro-inflammatory activity and increased levels of proinflammatory
cytokines in blood and cerebrospinal fluid (29, 36). Furthermore, alterations in neuroendocrine,
endogenous opioid, and dopamine activity have been demonstrated, contributing to a highly

complex interplay of many pathophysiological mechanisms (29, 36).

2.3.1. Peripheral sensitisation

Studies investigating whether changes in peripheral tissues were accountable for fibromyalgia
symptoms have failed to demonstrate any pathology in muscle biopsies or metabolism (37-39).
Several studies have shown pathology in small nerve fibres (e.g. unmyelinated C fibres and low
threshold mechanoreceptors mediating pain, heat and cold sensations), and reduced intra-epidermal
nerve fibre density has been estimated to have a prevalence of about 50% in patients diagnosed with
fibromyalgia (40). Furthermore, spontaneous activity in silent C fibres has also been demonstrated
(41).

2.3.2. Central sensitisation

Central sensitisation refers to a state of higher responsiveness and increased signalling in central
nervous system (CNS) pathways (3). Studies of temporal summation of pain (TSP), a quantitative
sensory testing (QST) paradigm developed as a human model equivalent to the wind-up phenomena
demonstrated in animals, show that patients with fibromyalgia have a significantly larger response

to repeated noxious stimuli than healthy controls (42).

Several brain imaging studies using functional magnetic resonance imaging (fMRI) techniques have
not demonstrated increased brain activation during pain stimulation, suggesting that the CNS
amplification of pain signals occurs at subcortical levels (43). However, other studies have shown
increased connectivity in pain processing networks during resting state in patients with fiboromyalgia
(43).

2.3.3. Descending pain modulation
Studies of conditioned pain modulation (CPM), another QST paradigm developed as an
experimental method of assessing the inhibitory capacity within the CNS, show that patients with

fibromyalgia have a smaller inhibitory response to painful stimuli than healthy controls (42). Only a
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few fMRI and electroencephalography (EEG) studies have investigated the descending pain

inhibitory pathways, with some evidence supporting reduced activity (43, 44).

2.3.4. Neurotransmitters

At the level of the neuronal synapses, the balance between the excitatory neurotransmitter glutamate
and the inhibitory neurotransmitter y-aminobutyric acid (GABA) determines whether a postsynaptic
action potential (e.g. pain signal) is being generated or not. Glutamate is synthesised from
Gluatamine, which can be converted into GABA in the so-called Glutamate/GABA-glutamine cycle
(45). Therefore, the levels of these two essential neurotransmitters are closely connected and are
being recycled in collaboration with astrocytes.

Several studies have shown that patients with fibromyalgia have higher levels of the excitatory
neurotransmitters glutamate and substance P in the cerebrospinal fluid (CSF) and the brain
(visualised with proton magnetic resonance spectroscopy (*H-MRS)) (46, 47). There is also some
evidence that levels of GABA, the main inhibitory neurotransmitter, are reduced in the brain of

patients with fibromyalgia (48).

2.3.5. Imbalance in the endogenous opioid system

There is some evidence pointing to deficient endogenous opioid analgesia in patients with
fibromyalgia. This endorphin system imbalance has been characterised by decreased availability of
mu-opioid receptors (MOR) receptors in some brain areas, which might result from receptor

downregulation due to excess brain opioid peptides (49, 50).

2.3.6. Neuroinflammation

Brain glial cells, such as microglia and astrocytes, are neuroimmune cells that are thought to be
closely involved in chronic pain pathogenesis (51). Activated glial cells release cytokines that
sensitise peripheral and central sensory neurons and thereby augment the activity in pain circuits.
Some of the cytokines released from activated glial cells, such as interleukin-6 and tumour necrosis
factor, have been found to be significantly elevated in blood and CSF in patients with fibromyalgia
compared to healthy controls (52). These cytokines are not specific for glial activity and can also be
released from peripheral cell types as macrophages. However, a recent study using positron
emission tomography (PET) has demonstrated increased activity of microglia, but not astrocytes, in

the brain of patients with fibromyalgia compared to healthy controls (53).
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2.4 Diagnosing fibromyalgia

None of the biochemical changes found in body fluids or aberrations demonstrated through
experimental tests or brain imaging techniques have proven specific for fibromyalgia, and no gold
standard exists to validate the diagnosis. Thus, fibromyalgia continues to be a clinical diagnosis

based on the presence of a cluster of symptoms that significantly impact daily function.

Several sets of classification and diagnostic criteria have been developed to assist in the
identification of patients with fibromyalgia in research and clinical practice. Generally,
classification criteria are designed for research to identify well-defined groups of patients with high
specificity. In contrast, diagnostic criteria aim to capture the whole spectrum of the disease and

require high sensitivity (54).

2.4.1. Consensus classification criteria for fibromyalgia

The first set of criteria (Smythe’s criteria) to identify fibrositis/fibromyalgia was published in 1977,
introducing a range of non-pain symptoms and tender points as diagnostic items (55). During the
following decade, several diagnostic criteria (e.g. Bennett’s and Yunus’ criteria) were proposed by
different research groups (56, 57), with disagreements mainly concerning whether criteria should
emphasise multiple symptoms or multiple tender points (58). A committee with participants from
16 rheumatological centres in the United States of America and Canada was established in 1986 to
develop consensus classification criteria. All previous criteria and single items were tested (using
robust methodology) in a large patient population sample from the involved rheumatological
settings (13). The consensus criteria were published in 1990, endorsed by the ACR, and are usually
referred to as the ACR1990 criteria (13).

2.4.2. The American College of Rheumatology 1990 classification criteria

Among all the single items and combinations tested in the development study, the combination of
widespread pain and 11 of 18 tender points had the highest discriminative power. Thus, the
ACR1990 classification criteria required 1) a history of widespread pain over three months and 2)
pain in 11 of 18 tender points on digital palpation with approximately 4 kg. The criteria did not
exclude the presence of another disorder and were shown to work equally well for diagnosing

secondary-concomitant fibromyalgia.

Widespread pain was defined as pain on the right side of the body, pain on the left side of the body,
pain above the waist, pain below the waist, and pain in the axial skeleton (13). This ACR1990
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widespread pain definition has been subject to different interpretations (59); however, in the
original article, it is stated that three pain sites (e.g. right shoulder, left buttock, and thoracic spine)

qualify as widespread pain (13).

Initially, 24 tender points were defined, and a scoring system for grading the severity of tenderness
was defined as 0 = no pain, 1 = mild pain (vocalised), 2 = moderate pain (grimace or flinch), and 3
= severe pain (withdrawal). By analysing the discriminatory power of each tender point, the number
was reduced to 18, representing nine bilateral sites (Figure 2-3) (13). A site was defined as a tender
point in case of mild (or greater) pain, on digital examination with the pulp of the thumb,

standardised as a 4 kg pressure.

Occiput
Low cervical
G _
- Trapezius

Supraspinatus

/27‘ U{i\* Second rib
S SR
’\\{b (IS?S:Z: epicondyle
)/\E; Greater trochanter
Knee

At the suboccipital muscle
insertions

At the anterior aspects of the
intertransverse spaces at C5-C7

At the midpoint of the upper border
At origins, above the scapula spine
near the medial border

At the second costochondral
junctions, lateral to the junctions on
upper surfaces

2 cm distal to the epicondyles

In upper outer quadrants of buttocks
in anterior fold of muscle

Posterior to the trochanteric
prominence

At the medial fat pad proximal to
the joint line

Figure 2-3. Tender point defintions according to the American

College of Rheumatology classification criteria

2.4.3. The 2010 diagnostic criteria

In the following decades, the ACR1990 criteria were intensely debated (60). A practical argument
against the criteria was that tender point examination required training and was difficult to use
outside speciality clinics (14, 15). Others argued that patients meeting the criteria represented an
extreme end of a pain and tenderness spectrum. In contrast, other significant fibromyalgia

symptoms were disregarded, failing to “capture the essence of the fibromyalgia syndrome” (61, 62).
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A new multicenter study was designed to develop new non-tender point diagnostic criteria, to
accommodate the need for more feasible diagnostic criteria suitable for use outside speciality clinics
and the wish for a symptom severity scale for longitudinal follow-up. These criteria, published in
2010 and endorsed by the ACR as provisional, were not meant to replace the ACR1990 criteria but
to provide an alternative (16). The ACR2010 criteria are based on a survey consisting of a

Widespread Pain Index (WPI) and a Symptom Severity Score (SSS).

The WPI was defined based on the presence of pain in 19 non-articular sites (Figure 2-4), giving a
continuous measure of widespread pain ranging from 0-19 (16). WPI was highly correlated to
tender point count, and a WPI > 7 classified 83,6% of cases correctly when using the ACR1990

criteria as the reference standard (16).

Shoulder Right/left
Hip Right/left
Upper arm Right/left
Lower arm Right/left
Upper leg Right/left
Lower leg Right/left
Jaw Right/left
Axial Low back
Upper back
Neck
Thorax
Abdomen

Figure 2-4. The Widespread Pain Index Definition of Pain Sites

The SSS was constructed based on an analysis of correlations for non-pain variables. The symptom
variables that correlated best with tender point count were fatigue, cognition, waking unrefreshed,
and somatic symptoms. The extent of somatic symptoms was graded using a reference list of 41
symptoms (0 = no symptoms, 1 = few symptoms, 2 = a moderate number of symptoms, 3 = a great
deal of symptoms). The other three symptoms were graded regarding severity the last week, using a

4-point Likert scale (0 = no problem, 1 = slight or mild problems, 2 = moderate, considerate
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problems, 3 = severe, pervasive, continuous, life-disturbing problems). The SSS was created by

summing these four symptom variables’ 0-3 scores, giving a 0-12 range (16).

The 2010 diagnostic criteria are defined as a combination of 1) WPl > 7 and SSS > 5 or 2) WPI >
3 and SSS > 9. It is required that the symptoms should have been present at a similar level for at

least three months and that other disorders could not sufficiently explain the pain (16).

2.4.4. The Fibromyalgia Survey Questionnaire

The original survey required evaluation by a physician, and a modification was developed for self-
administration in 2011 (63). The modification mainly consisted of the substitution of the somatic
symptom item. Instead of grading the number of somatic symptoms, the prevalence (yes/no) of
three symptoms (headache, pain or cramps in the lower abdomen, and depression) during six
months was measured. The self-administration survey was named the Fibromyalgia Survey

Questionnaire (FSQ) and was initially recommended for use in research only (64).

2.4.5. The 2016 diagnostic criteria

The ACR2010 criteria were tested in subsequent studies, showing about 85% agreement with the
ACR1990 criteria (17). When investigating populations from rheumatological settings, which
included patients diagnosed with fibromyalgia by a physician, the ACR2010 criteria were satisfied
in most FM cases (65). However, problems arose when applying the criteria to a mixed chronic pain
population. In a study by Egloff et al., a population of 300 patients with different pain syndromes
recruited sequentially from a specialised pain care setting showed that a very high percentage of
patients with regional pain syndromes were misclassified as fiboromyalgia (17). Among 5011
patients from the National Data Bank of Rheumatic Diseases fulfilling the ACR2010 criteria, 93,8%
reported pain in all five regions (4 quadrant plus axial), and 98.8% reported pain in at least four
regions when using the five region pain definition from the ACR1990 criteria (66). As a result of

these findings, a generalised criterion was added to a 2016 revision of the diagnostic criteria (18).

The 2016 criteria are based on the FSQ, which the patient or a physician can fill out, but only a
physician can evaluate if a patient should be diagnosed with fibromyalgia (18). The 2016 diagnostic
criteria require the combination of the following:

1) Generalised pain, defined as pain in at least 4 of 5 regions

2) Symptoms have been present at a similar level for at least three months

3) WPI > 7 and SSS score > 5 or WPI of 4-6 and SSS score > 9
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2.4.6. The performance of the 2016 criteria in chronic pain populations

Scrutinising the literature, four studies (Table 2-2) investigating the diagnostic accuracy of the 2016
criteria were discovered (67-70). Only one of these studies investigated the performance of the 2016
criteria in a specialised pain care setting, showing low sensitivity and specificity (69). However, in
this study, only patients with chronic widespread pain (CWP) were invited to participate, and
fibromyalgia cases were defined as participants with CWP who fulfilled the ACR1990 criteria.

Table 2-2. Studies investigating the diagnostic accuracy of the 2016 criteria with estimates of the
sensitivity and specificity

Country Recruited from  Population Reference standard  Sensitivity Specificity
(reference)
Korea (67) Rheumatological FM versus Clinical diagnose 93.1% 90.7%
setting Inflammatory
rheumatic
diseases
Norway (68) Patient FM versus ACR1990 criteria 88.8% 77.5%
associations Mixed general
population
Italy (69) Rheumatological Non- Clinical diagnose 78.0% 90.5%
setting inflammatory
rheumatic
diseases
India (70) Specialised pain Chronic ACR1990 criteria 71% 60%
care setting widespread pain

2.5. Assessment and monitoring of fibromyalgia

The developers of the ACR2010 criteria have suggested that the summed score of WPI and SSS,
named the polysymptomatic distress scale (PDS), can be used to measure disease severity and for
longitudinal follow-up (71). However, the most widely used tool for assessing and monitoring
disease severity is the fiboromyalgia impact questionnaire (FIQ), a validated self-report disease-
specific questionnaire covering the spectrum of problems associated with fibromyalgia (72). A
revised version (FIQR) was validated and published in 2009, with improvements in wording and
changes in constructs that could be a potential source of bias in the original version, such as gender
bias and ethnicity bias (73). The FIQ/FIQR is sensitive to changes in fiboromyalgia symptomatology
and has good discriminatory power between fibromyalgia and chronic pain of other origins (72, 73).
Thus, the questionnaire has also been recommended as an outcome measure for use in research
(74).
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2.5.1. The Fibromyalgia Impact Questionnaire-Revised (FIQR)

The FIQR contains domains of function (range 0-90), impact (range 0-20), and symptom severity
(range 0-100), with lower scores indicating lower severity. The total score (range 0-100) is obtained
by summing the impact score with 1/3 of the function score and 1/2 of the symptom score. The
function domain evaluates daily functions by rating how difficult it is to perform a list of 9
everyday activities over the previous seven days on a 0-10 numeric rating scale (NRS). The
symptom domain evaluates the severity of pain and nine non-pain fiboromyalgia symptoms on a 0-10
point NRS. The impact domain consists of two questions assessing fibromyalgia's overall physical

and emotional interference during the previous seven days on a 0-10 NRS.

The Symptom Impact Questionnaire-Revised (SIQR) is identical to FIQR, except the word
“fibromyalgia” is replaced with “symptoms” or “medical problems” throughout the questionnaire
(75, 76). The SIQR is used to assess the classical features of fiboromyalgia in non-diagnosed patient

populations.

2.5.2. The FIQR Danish version
We have translated the FIQR in Danish, according to standardised guidelines, comprising the
following steps: forward translation, backward translation, panel discussion, pilot testing, and final

version. Our Danish version of the FIQR is included in Appendix A.

We also validated our Danish version and found excellent test-retest reliability and internal
consistency using the Intraclass Correlation Coefficient and Cronbach’s alpha coefficient,
respectively. Correlations with the Hospital Anxiety and Depression Scale domains and the 36-Item
Short Form Health Survey domains were analysed using Spearman’s rho correlation coefficient. We
found good correlations between FIQR depression and anxiety and the Hospital Anxiety and
Depression Scale. Correlations with 36-item Short Form Health Survey domains ranged from fair
for FIQR energy, good for FIQR pain, and very good for FIQR function. Results from the

validation study will be published in a peer-reviewed journal (manuscript currently in review).
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Chapter 3. Identification of fibromyalgia in a specialised pain care setting

The aim of Study | was to investigate if the 2016 diagnostic criteria could identify fibromyalgia
correctly when applied to a population of patients with mixed chronic pain syndromes referred to a

specialised pain care setting.

To do this, we designed a prospective diagnostic accuracy study adhering to the Standards for
Reporting Diagnostic Accuracy Studies (STARD) guidelines from 2015 (77). The performance of
the 2016 criteria was assessed using a clinical diagnosis of fibromyalgia as the reference standard

based on the opinion of a skilled pain specialist.

The study design, main findings, methodological considerations and implications of the findings are

briefly reviewed below. Please refer to Paper | for further details.

3.1. Methods and materials
The participants for Study | were recruited among patients who started their treatment at two
specialised pain care centres in The Region of Southern Denmark (Odense and Middelfart) on

December 10, 2017, and for two consecutive years (Figure 3-1).

Study |
First visit at Pain Centre Second visit at Pain Centre
Invitation to participate Informed consent
- Screening Fibromyalgia identification *222
L BB BN 'R E R | L BB

M Cross-sectional " @mm

sample

Diagnostic accurracy of

Patients with mixed chronic pain 2016 fibromyalgia criteria

Referred to specialised pain care
Pain Center Odense or Middelfart

Figure 3-1. Scematic overview of the study flow in study |
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A cross-sectional sample of all the patients referred in the period was obtained, as only patients who
had their first appointment with one specific consultant at each pain centre (KDB or NK) were
invited to participate. Inclusion was terminated in August 2019 in Middelfart because the
investigating consultant (NK) changed position. To be eligible, patients had to be 18 years or older,
and they were required to read and understand Danish. Patients who could not complete

questionnaires due to poor bodily or mental health were excluded.

3.1.1. The FSQ Danish version
As part of study I, the FSQ was translated to Danish according to standardised guidelines, as
previously described. No cultural adaptations were needed. The Danish version of the FSQ is

available in Appendix B.

3.1.2. The reference standard

Participants who consented and were eligible were evaluated by one of the two investigators to
establish if criteria were met for a clinical diagnosis of fibromyalgia. The two consultants were
experienced pain specialists and had received training in diagnosing fibromyalgia from a senior
rheumatologist and fibromyalgia expert before initiating the study. The diagnosis was based on a
complete medical history, a pain interview, pain drawings, and a tenderpoint examination. The
minimum requirements for a clinical diagnosis of fibromyalgia were patient-reported pain in all
four body quadrants plus axially for a minimum of 3 months and the presence of at least 8 of 18
positive tender points as defined by the ACR1990 criteria (13). A handheld spring-based pressure
algometer with a probe area of 1 cm2 was used instead of digital palpation to reduce interrater

variability. Each site was examined by slowly increasing the pressure to a maximum of 4 kg/cm?.

3.1.3. The test under evaluation

All participants filled out a paper version of the FSQ in Danish before the clinical evaluation. The
investigators were blinded regarding the FSQ score during the interview and tender point
examination. After the diagnostic evaluation, the FSQ was scored to determine whether the 2016

criteria were fulfilled.

3.1.4. Other assessments
Demographic data about age, gender, body mass index, work status, medication, and comorbidity
were collected. Based on information from the patients and the medical file, information was

obtained on whether the patients had been diagnosed with fibromyalgia before. To evaluate the

30



severity of the pain and accompanying symptoms, the participants filled out the symptom domain of
the SIQR.

3.1.5. Statistics

A contingency table was made showing the performance characteristics of the 2016 diagnostic
criteria based on the patient version of the FSQ with a clinical diagnosis as the reference standard.
From this table, data were derived to calculate sensitivity and specificity. Furthermore, the positive

and negative post-test probability were estimated.

3.2. Main findings of Study |
We estimated the prevalence of fibromyalgia in the present population of patients with mixed

chronic pain syndromes referred to a specialised pain care setting to be:

1. 45% based on a clinical diagnosis by the opinion of a pain expert
2. 50% based on the 2016 criteria

3. 41% based on the ACR1990 criteria

4.

19% based on self-report

Gender distributions:

1. Of the total population, 74% were women

2. Among women, 55% were identified as having fibromyalgia based on a clinical evaluation
3. Among men, 15% were identified as having fibromyalgia based on a clinical evaluation
4

In this chronic pain population sample, the relative male-to-female ratio was 1:3.7

The performance characteristics of the 2016 criteria using a clinical diagnosis of fiboromyalgia by

expert opinion as the reference standard showed:

1. Sensitivity of 89%

2. Specificity of 82%

3. Positive post-test probability of 79%
4. Negative post-test probability of 10%

Patients diagnosed with fibromyalgia in this study had a significantly higher symptom burden
assessed by the level of the ten SIQR symptom items compared to chronic pain patients without a
fibromyalgia diagnosis. When looking at patients diagnosed with fibromyalgia in the study, no
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differences were observed between patients with or without a previously established diagnosis in

any of the measured clinical characteristics.

3.3. Methodological considerations

The lack of a gold standard for diagnosing fibromyalgia represents a major challenge when testing
the diagnostic accuracy of new criteria. Diagnoses based on self-report or ICD-10 coding will be
biased by referral patterns and beliefs of patients and physicians. Furthermore, current status cannot
be established reliably by a past diagnosis. Using classification criteria, such as the ACR1990
criteria, as the reference standard will predictably bias the results, as the measurement errors of
these criteria will be transferred. Thus, a clinical diagnosis of fibromyalgia made by an expert is
presumed to be the most accurate method of establishing a reference standard, even though expert
opinions might vary. Studies with a valid recruitment method, as serial or all patients, are less likely

to be biased than convenience samples (18).

The main strength of Study | was the prospective design, where all patients included were
diagnosed simultaneously with applying the tested criteria. Only two pain experts (who had
received simultaneous training) diagnosed all patients, aiming to secure a high agreement of the
reference standard. Also, seeking to limit inter-rater variability, a set of minimum requirements was
agreed upon. These requirements were based on results from a previous Danish study investigating
the association between tender point count and symptom burden in patients with CWP, showing a
shift in symptom burden at 8/18 tender points (78). In the current study, the prevalence of
fibromyalgia was estimated to be 45%, which makes a sample size of 215 sufficient to estimate

diagnostic accuracy with acceptable power (79).

The main limitation of Study I could be that the same assessor evaluated the reference standard and
the test. Measures to reduce bias were applied, as the FSQ survey was completed by the patient at
home, the investigators were blinded to the FSQ during the visit, and the FSQ was scored after the
diagnosis had been established. However, an independent assessor of the FSQ score would have
been preferable. The study population was a cross-sectional sample of patients referred to
specialised pain care at two multidisciplinary pain care settings in Southern Denmark. Thus, the
prevalence found in our study might not be generalisable to specialised pain care settings in

Denmark or other countries.
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As part of study I, the FSQ was translated to Danish, but tests to prove the validity of this Danish
version were not done. However, a recent validation study from Norway (a country culturally and
linguistically similar to Denmark) has demonstrated that a Norwegian version of the FSQ has good
psychometric properties based on analyses of test-retest reliability, construct validity, and internal

consistency (68).

3.4. Implication of findings

The 2016 criteria were demonstrated to have high sensitivity in the current study population, and
the FSQ could easily be applied as a screening tool for assisting in the identification of fibromyalgia
among patients with chronic pain referred to specialised pain care. The specificity of the 2016
criteria was acceptable in the present population and supports using the criteria for research
purposes.
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Chapter 4. Background on pharmacological treatment and low dose

naltrexone

Based on guidelines for the management of fibromyalgia from the original European League
Against Rheumatism (EULAR), no generally effective pharmacological or non-pharmacological
treatments exist, and most recommended treatments have small effect sizes (80). Therapies
targeting peripheral pain mechanisms, such as NSAIDs, massage, or chiropractic treatments, have
proven ineffective for fibromyalgia pain (81-83), and EULAR recommendations are against such
therapies (80). In patients with fibromyalgia, the balance between CNS excitation and inhibition is
shifted towards greater excitation (36). Pharmacological agents such as gabapentinoids and
antidepressants, recommended for the treatment of neuropathic pain, act by increasing inhibitory
neurotransmitters such as serotonin and noradrenalin or by decreasing glutamic (excitatory) activity
in the CNS (84). Several studies have investigated the efficacy of these drugs for the treatment of
fibromyalgia, showing effect in some patients but with a risk-benefit profile that is less

advantageous than for neuropathic pain (12, 84).

Besides the serotonin/noradrenalin pathway, inhibitory pain modulation can also occur via the
opioid pathway. There is no evidence regarding the efficacy of strong opioid drugs for the treatment
of fibromyalgia, and EULAR guidelines hold a strong recommendation against these drugs due to
the high risk of addiction and other serious adverse effects (80). Tramadol, a weak opioid agonist
with some inhibitory activity of serotonin/noradrenaline reuptake, has shown some effect on
fibromyalgia pain (85). However, recent evidence shows that tramadol has the same risk of

tolerance and addiction as strong opioids (86).

At the beginning of this century, anecdotal reports of a beneficial effect on fibromyalgia from
treatment with naltrexone, an opioid antagonist, began to emerge on internet pages (87). It was
hypothesised that treatment with LDN via a temporary opioid receptor blockade would lead to
upregulation of opioid receptors and opioid ligands, with an improved endogenous opioid function
impacting both pain and general well-being (87). The discovery that naltrexone also has
antagonistic properties at Toll-like receptors (TLR) found in microglia and astrocytes led to another
competing hypothesis that LDN impacts pain and central symptoms via an anti-inflammatory

pathway (22). Only a few small clinical trials have investigated the potential efficacy of LDN on
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fibromyalgia. No official recommendations are currently available regarding the use of LDN for

treating fibromyalgia.

4.1. The evidence of recommended pharmacological treatments for fibromyalgia
In the most recent EULAR guidelines for the management of fibromyalgia, a weak recommendation
is given for treatment with amitriptyline, duloxetine, pregabalin, cyclobenzaprine (a muscle
relaxant), and tramadol (80). The National Danish guidelines for the treatment of chronic
widespread pain (revised in 2018, however, currently expired) give a weak recommendation for the
use of amitriptyline, duloxetine, gabapentin and pregabalin but a weak recommendation against the
use of tramadol (88). Cyclobenzaprine is not marketed for use in Denmark. Instead, other muscle
relaxants, such as baclofen and tizanidin, are commonly used off-label in specialised pain care
settings. A brief review of the current evidence for the efficacy of amitriptyline, duloxetine,

gabapentin and pregabalin for treating fibromyalgia pain is provided below.

4.1.1. Amitriptyline

Amitriptyline is a tricyclic antidepressant (TCA) with serotonergic, noradrenergic, and anti-
histaminergic activities, known to have hypnotic effects in low doses (89). Amitriptyline is a highly
non-selective drug, and its antinociceptive effects have been suggested to be mediated primarily
through agonism at az-adrenergic and serotonergic receptors (89). A 2019 Cochrane review
investigated the evidence for an effect on fibromyalgia pain based on four randomised placebo-
controlled trials (RCTs) with a total of 275 participants (Table 4-1) (90). The review did not include
the standard mean difference (SMD) between groups as an outcome. No data were available
regarding a 30% pain reduction. A 50% pain reduction or more was found in 36% of subjects
treated with amitriptyline compared to 11% treated with placebo, with a risk ratio (RR) = 3.0 (95%
confidence interval (Cl): 1.7 to 4.9). The number of withdrawals due to adverse events comprised
8% in the amityline group and 9% in the placebo group. However, the review concluded that there
is a substantial risk that the treatment effect was overestimated due to the very low quality of the
trials included (90).

4.1.2. Duloxetine

Duloxetine is a serotonin noradrenaline reuptake inhibitor (SNRI) with an equally high affinity to
serotonin and noradrenaline transporters (91). The simultaneous increase of these two inhibitory
neurotransmitters has been suggested to be crucial for mediating an analgesic effect (92).

Duloxetine has a low affinity to adrenergic and serotonergic receptors (91). A 2010 review
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investigating the effect of duloxetine on fibromyalgia pain analysed data from seven studies with a
total of 2642 participants (Table 4-1) and found significantly greater pain relief from treatment with
duloxetine compared to placebo (21). However, the effect size was small, with an SMD = -0.26
(95% CI: -0.37 to -0.16). At least 30% pain reduction was achieved in 47.6% versus 35.9% in the
duloxetine and placebo groups, respectively, with an RR = 1.31 (95% CI: 1.19 to 1.44). Regarding
the 50% responder indices, the proportions for the duloxetine and placebo groups were 33.9%
versus 23.0%, with an RR = 1.45 (95% CI; 1.27 to 1.66). Withdrawals due to adverse events
comprised 15.5% in the duloxetine group and 9.5% in the placebo group.

4.1.3. Gabapentin and pregabalin

As the names insinuates, gabapentin and pregabalin were originally designed as GABA mimetics
but have no effect on GABA receptor activity (93). Instead, they bind to alpha-2-delta receptors on
voltage-activated calcium channels located on excitatory neurons. Pregabalin has been
demonstrated to reduce the release of glutamate in the spinal cord, insula and amygdala and is
thought to reduce pain by attenuating signalling in spinal cord ascending pain pathways and by

influencing the activity in emotion-processing brain regions activated by pain (93).

Gabapentin, which holds a strong recommendation for the treatment of neuropathic pain (84), has
only been investigated for fibromyalgia pain in one RCT with 150 participants (Table 4-1) (94).
This RCT had a parallel 1:1 allocation design, and participants were treated with gabapentin (or an
identical appearing placebo) in doses between 1200 and 2400 mg daily for 12 weeks, including a 6-
week titration phase (95). A significantly larger pain reduction was observed in the gabapentin
group, with a mean difference between groups of -0.95 (95% CI: — 1.75 to -0.71; p=0.015). This
difference equals an effect size of 0.63 (Cohen’s d). A 30% pain reduction was found in 51%
compared to 31% in the placebo group (p=0.014, RR was not calculated). No data regarding 50%
responder indices were available. Withdrawals due to adverse events were distributed with 16% in

the gabapentin group and 10% in the placebo group.

The efficacy of pregabalin on fibromyalgia pain has been investigated in a 2016 Cochrane review,
which included five studies with 3283 participants (Table 4-1) (96). A daily dose of 450 mg
pregabalin was associated with the best risk-benefit profile. At this dose, 30% pain relief was
observed in 43% compared to 29 % in the placebo group, with an RR = 1.5 (95% CI: 1.3 to 1.7).
The corresponding proportions for 50% pain relief were 24% versus 14%, with an RR = 1.8 (95%

Cl: 1.4 to 2.0). Withdrawals due to adverse events occurred in 17% of the pregabalin group versus
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9% of the placebo group. The difference in mean pain intensity between groups was not included as

an outcome in this review.

Table 4-1. Overview of the evidence for a pain effect of recommended pharmacological treatments
in patients with fibromyalgia

Outcome and subgroup No No Effect size Quality of

studies atients evidence

1. Self-reported mean pain intensity

1.1 Review Amitriptyline 4 275 No data Very low
1.2 Review Duloxetine 7 2642 -0.26 High
1.3 Review Gabapentin 1 150 -0.63 Very low
1.4 Review Pregabalin 5 3283 No data High

Outcome and subgroup No No % in % in Risk ratio  Quality of

studies patients active placebo (95% CI) evidence
group  group

2. 30% pain

improvement
2.1 Review Amitriptyline 4 275 Nodata  No data No data Very low
2.2 Review Duloxetine 7 2642 47.6 35.9 1.31(1.2t01.4) High
2.3 Review Gabapentin 1 150 51 31 No data Very low
2.4 Review Pregabalin 5 3283 43 29 15(1.3t01.7) High
3. 50% pain

improvement
3.1 Review Amitriptyline 4 275 36 11 3.0(1.71t04.9) Very low
3.2 Review Duloxetine 7 2642 33.9 23.0 15(1.3t01.7) High
3.3 Review Gabapentin 1 150 Nodata  No data No data Very low
3.4 Review Pregabalin 5 3283 24 14 1.8 (1410 2.0) High
4. Adverse events

withdrawals
5.1 Review Amitriptyline 4 275 8 9 No data Very low
5.2 Review Duloxetine 7 2642 15.5 9.5 No data High
5.3 Review Gabapentin 1 150 16 10 No data Very low
5.4 Review Pregabalin 5 3283 17 9 No data High

4.2. Naltrexone - an old drug with new treatment perspectives

Naltrexone is a semi-synthetic non-selective opioid antagonist, patented in the early 60ies, with a
high affinity to MOR and less affinity to delta-opioid and kappa-opioid receptors (97). Naltrexone
also has binding potential to the opioid growth factor receptor and TLR-2 and TLR-4 (98, 99).

Naltrexone’s biochemical structure resembles naloxone, an antidote for the short-term reversal of
opioid overdose. Compared to naloxone, naltrexone has a higher oral bioavailability, is converted
into an active metabolite (beta-6-naltrexone), and has a substantially longer half-life of about 13

hours (100). Naltrexone is a neutral antagonist that blocks the effects of opioid analgesics but has
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no functional effects on opioid receptors. In doses of 50 mg, naltrexone exerts an almost complete
blockade of MOR, thereby cancelling the effects of opioid drugs (100). Naltrexone became
commercially available to treat opioid abuse in 1984 but lost its patent the following year.
Naltrexone also blocks the rewarding effects of other drugs of abuse and was approved for treating
alcohol use disorder in 1995 (101).

The off-label use of LDN began soon after its release to the market. A pioneer in this field was Dr
Bihari. However, his work has never been published in peer-reviewed journals. In interviews, Dr
Bihari described human experiments where he found an increased release of beta-endorphins
following treatment with naltrexone that was equally effective in doses of 50 mg, 10 mg, 5 mg and
3 mg (102). Endorphins influence immune function, and Dr Bihari, who worked with patients with
AIDS, reported beneficial effects on immune function from off-label treatment with LDN. Dr
Bihari used naltrexone in the 3-5 mg range based on the assumption that higher doses might block
the endorphins desired effects (103). Subsequently, anecdotal reports began to emerge of the
beneficial impact of LDN on cancers, multiple sclerosis, autoimmune disorders, and fibromyalgia
(87).

4.3. Proposed mechanism of action of LDN on fibromyalgia

The effects of LDN on fibromyalgia have been suggested to be mediated via 1) a rebound up-
regulation of endogenous opioid ligands and receptors or 2) an attenuation of glial reactivity with
reduced neuroinflammation (22). The evidence for both hypotheses is very sparse and is briefly

reviewed below.

4.3.1. Evidence for the endogenous opioid rebound hypothesis

Animal models have confirmed that chronic administration of naltrexone increases the number of
opiate receptors in the brain, and these new receptors are functionally supersensitised (104-106).
Furthermore, it has been demonstrated that treatment with naltrexone increases levels of
enkephalins in the brains of rats (107). However, in a recent study, treatment with LDN did not
result in increased levels of beta-endorphin in the brain or plasma of mice (108). No studies
investigating the effect of naltrexone on levels of endogenous opioid receptors or ligands in humans

have been published.
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4.3.2. Evidence for the anti-inflammatory hypothesis

Activated glial cells are thought to be involved in the pathogenesis of chronic pain and fatigue, and
naltrexone has antagonistic properties on TLR-2 and TLR-4 found in glial cells (99). The (+)- and (-
)-naltrexone isomeres possess TLR binding activity. However, the (+)-naltrexone isomere, which is
inactive at opioid receptors, has been shown to attenuate neuropathic pain in an animal model (109).
In a small human study with 8 participants, treatment with LDN 4.5 mg was associated with
decreased pain and reduced levels of a range of pro-inflammatory biomarkers (110). However, the

cytokines measured were not specific for glial activation.

4.3.3. Considerations about dosing

In the literature, LDN typically refers to doses in the 1-5 mg range, and all clinical trials
investigating the efficacy of LDN for Crohn's disease, multiple sclerosis, and fibromyalgia have
used test doses between 2 to 4.5 mg (111). This dosing range has not been based on evidence
regarding dose and effect but on anecdotal reports. This dosing paradigm is based on the
endogenous opioid rebound hypothesis, which assumes that higher doses of naltrexone will block
the desired effects (103).

A classic pharmacological dose-effect curve is the S-shaped curve, with a threshold level at which a
response first appears, followed by a linear curve where increasing doses result in increasing

effects, and finally, a ceiling level where increasing doses do not result in additional effects (112).
U-shaped or inverted U-shaped dose-response curves has also been described (112). Naltrexone is
primarily known as a neutral antagonist, which cancels the effects of opioids. Initial
pharmacodynamic studies have shown increasing antagonistic effects at MOR with increasing doses
(97, 100).

The endogenous opioid rebound hypothesis assumes there is a ceiling effect in the low dose range
or an inverted U-shaped dose-effect curve. Currently, no evidence exists to support this and no
previous studies have investigated the relationship between the dose of naltrexone and its effect on
fibromyalgia. Apart from the dose-effect curve, the therapeutic interval of the drug will also depend
on the threshold for toxicity. The toxicity threshold for naltrexone is well-examined and lies above
the marketed doses of 50 mg (113, 114).
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4.4. Previous evidence for the efficacy of LDN in treating fibromyalgia

Before initiating the current LDN trials, we identified two studies with data from a total of 41
participants (published by Younger et al. in 2009 and 2013) which had investigated the efficacy of
LDN 4.5 mg compared to a placebo drug for treating fibromyalgia (24, 25). While conducting the
current LDN trials, the author of this thesis collaborated in a systematic review on the efficacy of
LDN for treating fibromyalgia, which was published in 2023 (Partridge et al.) (26). This systematic
search revealed unpublished data by Abou-Raya et al. (a conference abstract from 2013) from an
RCT using a parallel design with 74 participants and a test dose of 4.5 mg (115). Most recently, and
after the completion of the trials described in this thesis, data from a Danish RCT with a cross-over
design and a test dose of 4.5 mg has been published by Bested et al. (116). The evidence from these

previous four trials is described below. An overview is provided in Table 4-2.

4.4.1. The Younger et al. 2009 trial

The first trial investigating the potential efficacy of LDN for the treatment of fibromyalgia was a
single-blind pilot trial with ten participants (24). All participants received a placebo for two weeks,
followed by treatment with LDN 4.5 mg for eight weeks. The participants were not told when or
how long to receive active treatment. The primary outcome was a self-reported global measure of
fibromyalgia symptom severity using a 101-point visual analogue scale (VAS). Secondary patient-
reported outcome measures included daily pain, highest pain, fatigue, sadness, stress, sleep quality,
ability to think and remember, gastrointestinal symptoms, and headaches. The results showed that
overall fibromyalgia symptoms, daily pain, highest pain, fatigue and stress were significantly more
reduced during the LDN condition compared to the placebo condition. No data regarding mean pain
reduction or pain responder indices was reported in the manuscript. The results from this trial have
been assessed in the Partridge et al. review to have a high risk of bias due to several factors, e.g. a
very small sample size, a single-blind design, no random allocation, and no wash-out phase between

interventions (26).

4.4.2. The Younger et al. 2013 trial

In 2013, Younger et al. published their second trial investigating the efficacy of LDN for treating
fibromyalgia (25). This trial had a double-blind, randomised, placebo-controlled, cross-over design
and included 31 women with fibromyalgia. Patients were randomly assigned to four weeks of
treatment with a placebo followed by twelve weeks with LDN 4.5 mg or the opposite order with no

wash-out period between the two conditions. Two participants dropped out of the treatment, one
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because of side effects. A third participant was excluded because of the loss of baseline data. The
primary outcome was self-reported daily pain intensity measured using a 101-point VAS scale, and
the endpoint was based on average pain for the past three days. Secondary patient-reported
outcomes comprised life satisfaction, mood, sleep quality and fatigue. The results showed that pain
was averagely reduced by -15.5 (18.0 % + 10.8%) versus -11.2 (28.8% + 9.3%) during the placebo
and LDN conditions, respectively. This difference was reported to be statistically significant. A
standard deviation was not provided for the baseline levels of pain, thus, an effect size could not be
estimated from the data. Significant improvements in life satisfaction and mood were observed
among the secondary outcomes. A responder was defined as a participant who reported a minimum
30% pain reduction combined with a minimum 30% improvement in sleep quality or fatigue. Based
on this definition, nine (32%) of 28 participants were classified as responders. Although the design
was double-blind and treatment was randomly allocated, several factors, e.g. lack of a sample size
calculation, a small sample size, no wash-out phase between interventions, and exclusion of three
participants from the analyses, entailed that the study was assessed to have a high risk of bias in the

Partridge et al. review (26).

4.4.3. The Abou-Raya 2013 trial

Data from the third trial investigating the efficacy of LDN for treating fibromyalgia has never been
published in a peer-reviewed journal, and data are only available from a conference abstract (115).
Efforts from the Partridge group to contact the researchers for more details have been unsuccessful
(26). This trial was designed as a parallel RCT where 74 patients (no information about gender)
with fibromyalgia were randomly allocated 1:1 to treatment with LDN 4.5 mg or a placebo drug.
The primary outcome was a change in self-reported daily pain measured by a 101-point VAS. It
was not indicated if the baseline or endpoint measure was average over a defined period. Minimal
information was given from the abstract, e.g. no participant flow was provided, drop-outs were not
reported, and secondary outcomes were not rigorously defined. Thus, the quality of the
methodology can not be sufficiently assessed, and the results were considered to have a high risk of
bias by Partridge et al. (26).

4.4.4. The Bested 2023 trial
A fourth study was published in 2023 by Bested et al. with results from an RCT testing the efficacy
of LDN for fibromyalgia (116). A cross-over design was applied, and participants of both genders

were allocated to three weeks of treatment with LDN 4.5 mg, following three weeks of treatment

41



with placebo, or the opposite order. Between the two conditions, a wash-out period of two weeks
was incorporated. The trial was initially designed as a two-centre trial, and based on information
from clinicaltrials.gov, it was intended to include 140 participants. However, patients were only
included at one site with 58 participants. A rationale for a sample size of 140 participants is not
provided in the manuscript, but a sample size of 51 is argued to be sufficient to estimate a
difference between groups equivalent to an effect size of 0.61. Six patients dropped out and were
not included in the final analysis. Two primary outcomes were defined a priori as mean changes in
1) FIQR total score and 2) summed scores of pain during rest, personal hygiene measures, and
activities of daily living on a 0-30 NRS, also named Summed Pain Intensity Rating (SPIR),
measured as the average pain intensity during the past three days. Secondary outcomes included
several miscellaneous questionnaires. Pain responder indices were not included as a supportive
outcome measure. No between-group differences were observed for this study's primary or
secondary outcome. The effect size for the pain outcome was very small, corresponding to a
Cohen’s d of 0.04.

Table 4-2. Overview of the evidence from four previous LDN/fibromyalgia efficacy trials using a
similar test dose of 4.5 mg.

Study characteristics Younger Younger Abou-Raya

2009 2013 2013
12/10 31/28 74174

Number of participants 58/52

randomised/analysed

Design Single-blind RCT RCT RCT
Cross-over Cross-over Parallel Cross-over

Number of women/men 10/0 28/0 No data 46/6

Treatment in weeks 2/8 4/8 24124 3/3

placebo/active
Wash-out between

interventions in cross- 0 0 N/A 2

over trials in weeks

Primary outcome Overall self- Self-reported daily Self-reported daily FIQR total score
reported pain pain and
fibromyalgia Baseline: Summed Pain
symptom average 14 days Intensity Rating
severity Endpoint: (SPIR*)

average 3 days average 3 days

*SPIR = summes three subscores of pain during rest 0-10, personal hygiene measures 0-10, and activities of daily living
0-10 to a 0-30 score
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Pain outcomes Younger Younger Abou-Raya Bested

2009 2013 2013 2023
Change between groups No data -4.3 -9.4 -0.23
in mean pain (0-100 VAS) (0-100 VAS) (0-30 NRS)
Effect size No data No data -0.69 -0.04
30% pain responders in No data 33% vs 11%* No data No data
LD vs placebo groups
50% pain responders in No data No data No data No data
LDN vs placebo groups

*30 % responder criteria in the Younger 2013 trial also required 30% response in fatigue or sleep problems

4.4.5. Core domain set of outcomes for fibromyalgia trials

The core domain set of outcomes for fibromyalgia trials has been defined by the Outcome Measures
in Rheumatological Clinical Trials (OMERACT) guidelines (74) and recommends measures of
pain, tenderness, fatigue, sleep disturbance, multidimensional function, and patient global in all
fibromyalgia trials. The measurement of depression and dyscognition is recommended in some
trials, whereas measures of stiffness, anxiety, CSF biomarkers, and functional imaging are optional.
Symptom items from the FIQR have commonly been used to measure pain, tenderness, fatigue,
sleep disturbance, depression, and dyscognition in fibromyalgia trials. Multidimensional function
and patient global have commonly been assessed by the FIQR function domain and FIQR total
score, respectively. At least moderate correlations exist between FIQR items/domains and Patient
Global Impression of Change (PGI-C) except for FIQR depression (74).
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Chapter 5. Current evidence for the efficacy of naltrexone for treating
fibromyalgia

Study 11 aimed to find an optimal naltrexone dose suitable for an efficacy trial. We designed a

prospective dose-response study using the up-and-down method for that purpose.

Study 111 aimed to investigate if a 12-week treatment with LDN was more efficacious than a
placebo in reducing pain in patients with fibromyalgia. We designed a randomised, double-blind,

placebo-controlled superiority trial to do this.

The study designs, main findings, methodological considerations and implications of the results are
briefly reviewed below. Please refer to Paper 11 for further details about Study I1. For more
information on the methodology in Study 111, please refer to Paper I11. For a detailed description

of the results from Study 111, please refer to Paper V.

5.1. Methods and materials in study 11

The participants for Study Il were recruited among patients referred to the Pain Centre at Odense
University Hospital who had completed a treatment course with insufficient benefits from
recommended pharmacological treatments. Enrolment took place between June 2017 and
September 2018. Patients eligible were Caucasian women aged 18-60 with an established FM
diagnosis at referral. The patients were required to fulfil the ACR1990 and the ACR2010 criteria for
fibromyalgia at the time of inclusion. Participants should be able to write and understand Danish
and fertile women had to use secure anticonception. Exclusion criteria comprised known allergy
towards naltrexone, pregnancy or breastfeeding, disorders of abuse, psychiatric comorbidity, suicide
ideation, history of a suicide attempt during the last five years, inflammatory diseases, neurological
diseases, and significant localised pain conditions. The use of opioids was prohibited eight weeks

before and during the trial.

5.1.1.The up-and-down method

The up-and-down method is a prospective sequential method often used in anaesthesia research to
characterise the tolerance distribution of a drug (117). The up-and-down method was originally
designed to investigate toxicity in phase I trials, as the method requires fewer participants to be
exposed to toxic doses (118). Instead of testing increasing doses in several patients, the individual

subject is only exposed to one dose, and the corresponding response is used to determine the test
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dose in the following subject. The method allows for estimating a distribution of doses that are
precisely sufficient (binary response) to produce an effect among a number of patients. The first
patient receives a randomised test dose. In case of a positive response, the dose is lowered for the
next participant. In case of no response, the dose is instead increased. The median effective doses
for different percentages of the population can be estimated from the dose distribution. Evidence
shows that this method can provide a valid estimate of the median effective dose in 50% (ED50)
and 95% (ED95) of the population when the dose has shifted direction ten times or when six pairs

of up-and-down data are available, requiring about 20-30 participating subjects (117).

Before initiating this study, our clinical practice was to start LDN treatment with a dose of 0.75 mg
and to increase the dose with 0.75 mg intervals (based on tolerability) to a maximum dose of 4.5
mg. For Study I1, we chose a dose range between 0.75 mg and 6 mg, with a dosing interval of 0.75
mg (Figure 5-1). The first participant was randomised to one of 4 doses from the middle of the

range (2.25 mg, 3 mg, 3.75 mg or 4.5 mg). The participants were blinded regarding which dose they

received.
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Figure 5-1. Scematic overview of the study flow in study Il
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5.1.2. Primary outcomes

The up-and-down method requires a binary outcome measure that assesses if the drug “exactly”
produces an effect in the subject. For this purpose, we chose two outcomes, requiring only one to be
positive. These outcomes were: 1) Patient Global Impression of Improvement (PGI-1) using a 7-
point transition scale ranging from 1=very much improved to 7=very much worse, with 4 being no
change, and 2) change in average pain during the past three days using a 0-100 visual analogue
scale (VAS). The effect was assessed after two weeks of treatment, and a PGI-1 score of 1-3 or a

30% reduction of pain was considered a positive effect.

5.1.3. Other assessments

Demographic data about age, co-morbidity, and medication were collected. The FIQR symptom
domain was used to assess overall symptom severity, and the ten FIQR symptom items were used to
explore which symptoms were potentially influenced by LDN. The insomnia severity index (I1SI)

was used to evaluate changes in sleep quality.

5.1.4. Materials
All data were collected using an electronic data capturing tool (RED-cap). Electronic surveys were
sent by e-mail and completed at home by the participants before follow-up visits to reduce bias.

Data was transferred to the programme Stata 15 for statistical analysis.

5.1.5. Statistical analyses

Based on the implicit assumption that increasing the dose will increase the effect, isotonic
regression analysis was applied to estimate the median effective dose in 50% and 95% of the
participants with their 95% confidence limits (117, 118). The Stata 15 IRAX module was used to
carry out this analysis. As this method does not allow for imputation of missing data, subjects who

were withdrawn or dropped out were replaced.

5.2. Main findings of Study Il

A total of 27 participants were included in the study. Two subjects dropped out because of
intolerable side effects and were replaced. After the inclusion of 25 evaluable patients, the dose had
shifted direction 10 times, and six pairs of up-and-down data were available, enabling the
calculation of the ED50 and ED95 based on the dose distribution of the sample. The top of the
dosing interval was reached once during the trial, as one participant did not respond to treatment

with 6 mg. Consequently, the subsequent patient also received 6 mg.
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The median effective dose in the present sample was estimated as follows:
ED50 = 3.9 mg (95% CI 3.4 to 4.4)
ED95 = 5.4 mg (95% Cl 4.7 t0 6.1)

Among the 25 participants, 11 were assessed as responders to the dose tested. To be assessed as a
responder, five subjects fulfilled the pain criteria, ten subjects fulfilled the PGI-I criteria, and four

subjects fulfilled both criteria.

For the 11 responders, 30% responder indices were calculated for all ten FIQR items, the FIQR total
score, and the ISI score.
After 2-week treatment, the number of responders were:

- 8 of 11 responders for FIQR ‘sleep quality’

- 6 of 11 responders for FIQR ‘depression’

- 5of 11 responders for FIQR ‘tenderness’

- 4 of 11 responders for FIQR ‘pain’, ‘energy’, ‘memory’ and for the ISI score

- 3o0f 11 responders for FIQR ‘anxiety’

- 2 of 11 responders for FIQR ‘stiffness’, ‘sensory sensitivity’ and for the FIQR total score

- 1of 11 responders for FIQR ‘imbalance’

Patients receiving 6 mg reported the least number of side effects per participant (1 side effect
reported by 3 subjects). Most side effects per participant were reported in doses below 4.5 mg. No

serious adverse events were reported.

5.3. Methodological considerations of Study Il

The reason for choosing the up-and-down method to explore the dose distribution of naltrexone was
based on our clinical experience that patients with fibromyalgia are susceptible to unwanted
treatment effects, and this method allowed us to expose the individual participant to a minimum
disadvantage. Using this method, an outcome that assesses if a dose is “precisely” sufficient to give
an effect must be defined. Based on our clinical experience as well as evidence from previous trials,
we expected that LDN could affect different fibromyalgia symptoms, including pain, sleep, energy,
etc. Thus, we used a global transition scale as the primary outcome. The additional pain outcome
was chosen, as we planned to include pain as the primary outcome in a subsequent RCT. We found
that only five of 11 responders satisfied the pain outcome. However, a less than 30% pain reduction

in retrospect could be considered sufficient to be interpreted as a “precisely” positive reaction.
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Since we designed the current LDN trials, we have gained experience using LDN in doses up to 9
mg, and this “new” LDN dosing range has also recently been supported by the literature (119).
When planning the study, we did not have either evidence or clinical experience with doses higher
than 4.5 mg and were reluctant to go higher than 6 mg. No evidence was available to support a
ceiling effect at 4.5 mg, and we assumed there would be a linear dose-effect relationship in the dose
interval from 0.75 mg to 6 mg. During the trial, we found no problems with tolerability at the top of
the dosing interval, and three participants were exposed to 6 mg, hereof one without a treatment
effect. Thus, our effective dose estimates might have been higher if we had used a dosing interval of

up to 9 mg.
5.4. Implication of findings from Study 11

Based on our findings in Study I, we concluded that the test dose of 4.5 mg LDN, used in previous
trials, was lying in the interval between our estimates of ED50 and ED95. However, if no toxicity is
observed at the top of the dosing interval, it could be argued that using the median dose effective in
95% or more of the population could be more optimal. As no problems with tolerability were
observed in the current study, we chose the test dose for the subsequent RCT to be 6 mg. However,
as efficacy and tolerability might vary due to differences in bioavailability, we also decided to

include a titration phase, allowing for slower increments.

By analysing responder indices for other outcomes, we aimed to qualify an appropriate primary
outcome for a subsequent RCT. We found that improvement of tenderness was more frequent than
pain improvement. This finding could support the hypothesis that LDN primarily influences central
sensitisation, with a secondary impact on pain. The symptom most frequently improved was the
FIQR ‘sleep quality’ item. It is well known that pain and sleep affect each other bidirectionally, and
sleep improvement could be secondary to the improvement of pain and tenderness. In conclusion,
findings from study Il did not convince us to deviate from our original aim of investigating the

analgesic properties of LDN in the subsequent RCT.

The primary aim of Study |1 was to function as a feasibility study prior to an RCT. We suggest
future studies to further explore the dose-effect distribution of naltrexone for treating fiboromyalgia,

including characterising a possible threshold and ceiling dose.
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5.5. Methods and materials in study 111

Study 111 (Fibromyalgia and Naltrexone: the FINAL trial) was designed as a single-centre,
randomised, double-blind, placebo-controlled superiority trial with a 1:1 allocation of the
participants to treatment with Naltrexone 6 mg once daily or an identically appearing placebo tablet
(Figure 5-2). The treatment period was 12 weeks, including a 4-week titration phase. Dosing started
at 1.5 mg once daily and was increased by 1.5 mg every week to a maximum dose of 6 mg once

daily at week four.

Study 111
. End of treatment
Women with fibromyalgia Randomisation Baseline Uge 4 Uge 8 Uge 12

a8 s

E m 4 week Treatment Treatment

™ @ titration phase phase
phase week 5-8 week 9-12
MN=99 Maltrexone Placebo
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"
1
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Figure 5-2. Scematic overview of the study flow in study IlI

The participants for Study 11 were recruited with help from two national patient associations (The
Danish Rheumatism Association and The Danish Fibromyalgia and Pain Association) through
advertisements in printed and internet-based magazines of these organisations. Patients eligible
were women aged 18-64 years with fiboromyalgia who fulfilled the ACR1990 criteria and the 2016
diagnostic criteria, who were able to read and write Danish, and who reported pain of at least
moderate severity (minimum 4 on a 0-10 NRS, during the last week). Fertile women had to use

secure anticonception. Exclusion criteria comprised known allergy towards naltrexone, pregnancy
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or breastfeeding, disorders of abuse, known inflammatory rheumatic diseases, known demyelinating
diseases, active cancer, psychosis, suicide ideation, known history of suicide attempts, liver
dysfunction, and kidney dysfunction. The use of opioids and NSAIDs was prohibited four weeks

before and during the trial.

5.4.1. Outcome measures
The primary outcome was the change in pain intensity from baseline to after 12 weeks of treatment.
The pain intensity was assessed using the FIQR-pain question, which measures the average pain

during the past seven days on a 0-10 NRS.

Secondary outcomes were chosen in accordance with the core set of outcomes for fibromyalgia
recommended by OMERACT (74). FIQR single items were used to measure levels of tenderness,
fatigue, energy, sleep disturbance, depression, anxiety, memory problems, and stiffness. Physical
function was assessed using the FIQR function domain. Patient Global was evaluated using the
FIQR total score. The patient’s global impression of change (PGI-C) was measured using a 7-point
verbal transition scale. Health-related quality of life was assessed using EuroQol-5D (EQ-5D) and
EuroQol-VAS (EQ-VAS), a generic instrument that is validated for use in population-based studies

and the study of various acute and chronic diseases and is available in a Danish version (120-122).

The pressure pain threshold was assessed using a handheld algometer (Somedic Algometer, Harby,
Sweden). Assessment sites were the right quadriceps muscle, 15 cm from the apex patella and the
left trapezius muscle, 10 cm from the acromion (between acromion and C6/7). Each site was

assessed three times, and the average of the six values was reported.

Finally, a supportive outcome was included, investigating the number of responders in both
treatment groups. The number of responders with a more than 15%, 30%, and 50% improvement of
the primary outcome was calculated, with the 30% pain improvement, defined by IMMPACT (the
Initiative on Methods, Measurement, and Pain Assessement in Clinical Trials) guidelines as a

clinically meaningful improvement, being of primary interest (123).

5.4.2. Harms

Data about harm were collected throughout the trial using active and passive methods. A
questionnaire asking for known side effects was administered at all visits based on harm data from
Study I1. Furthermore, participants were encouraged to report any undesired treatment effects

throughout the trial.
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5.4.3. Other assessments

Tertiary outcomes included measures of pain sensitivity and central pain processing using
computerised cuff algometry, including measurements of CPM and TSP. Measures of muscular
fatigue comprised the 30s stand chair test (124) and an isometric exhaustion test of the deltoid
muscle with electromyographic recordings (125). Finally, a biobank with blood samples was built
for later analysis of biomarkers of neuroinflammation and neurotransmitters involved in central pain
regulation. These explorative outcomes will be reported in subsequent papers and lie outside the

scope of this thesis.

5.4.4. Statistical analyses

We used data from study 11 to calculate an a priori sample size for study I11. The average pain
intensity measured from 0-10 points was estimated to have a mean of 6.7 points and a standard
deviation of 1.5 in the target population. Aiming to detect a difference in average pain between
groups of 1.0 points with a statistical power of 80% and a significance level of 0.05, a sample size
of 74 patients would be required. With the inclusion of about 100 patients in the intention to treat

population (approximately 50 in each group), a statistical power of 90% was achieved (126).

The primary analyses were based on the intention-to-treat (ITT) population, comprising all
randomised patients. The main analyses were an estimate of the between-group differences for the
primary and secondary outcomes after 12 weeks of treatment. For the continuous outcomes, a
repeated measures mixed effects model was applied. Estimates were reported as least square means
with their 95% CI for each group and the difference between groups, including adjustments for
variations in baseline levels. Responder indices were analysed as binary endpoints, comparing the

number of responders in the LDN and placebo groups, and were reported as Risk Ratios (126).

Sensitivity analyses were made based on the per-protocol (PP) population, defined as participants

with an adherence to the treatment of at least 80%.

5.6. Main findings of Study Il

Enrolment took place from January 2021 to December 2022, where 158 patients were screened for
eligibility, excluding 59 and allocating 99 patients randomly to treatment with LDN (n=49) or
placebo (n=50). There were no dropouts, and the primary and secondary outcomes were assessed

for the entire ITT population. The PP population comprised 90 participants (46 in the placebo group
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and 44 in the LDN group) with more than 80% adherence to the treatment. The participant flow is

visualised in Figure 5-3.
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Figure 5-3. Participant flow for the FINAL study

5.6.1. Findings for the primary outcome

The current RCT was not able to confirm the hypothesis that treatment with LDN 6 mg for 12

weeks had a superior effect in reducing pain compared to placebo in women with fibromyalgia.

The trajectories for the primary outcome for the ITT population are visualised in Figure 5-4.

For the ITT population, the between-group difference was -0.34 (-0.95 to 0.27; p=0.27) in favour

of LDN, corresponding to a Cohen’s d of 0.23.

For the PP population, the between-group difference was -0.47 (-1.11 to 0.18; p=0.15) in favour of

LDN, corresponding to a Cohen’s d of 0.31
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Figure 5-4. Trajectories of the primary outcome over time

from baseline to 12 weeks

5.6.2. Findings for the secondary outcomes

For the 13 secondary outcomes, a statistically significant difference between groups was only
observed for memory problems in favour of LDN, with a between-group difference of -0.93 (-1.57
to -0.30; p=0.004) in the ITT population and -1.01 (-1.69 to -0.34; p=0.004) in the PP population.

5.6.3 Responder indicies
A statistical difference between groups for responder indices was not observed. However, for the
30% responders, being of primary interest, the difference between groups approached a significant

level for the per-protocol population.

For the ITT population, the 30% pain response risk ratio was 1.57 (95% CI 0.88 to 2.79; p=0.12),
favouring LDN.

For the PP population, the 30% pain response risk ratio was 1.61 (95% CI 0.92 to 2.82; p=0.09),
favouring LDN.
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5.6.4. Harms

No significant differences were observed between the groups in the overall reporting of adverse
events. However, some common adverse events were reported more frequently in the LDN group,
including vivid dreams, diarrhoea, dizziness, and hot flashes. Withdrawal from the study medication
due to adverse events occurred in 3 (6%) of 50 participants in the placebo group and 4 (8%) of 49

participants in the LDN group. Only one serious adverse event occurred in the placebo group.

5.7. Methodological considerations and interpretations

Study 111 was designed, conducted, and reported based on the highest standards for clinical trials,
adhering to SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) and
CONSORT (Consolidated Standards of Reporting Trials) guidelines (127), thus representing the
most rigorous LDN/fibromyalgia trial published to date. The current trial was also the first to

explore the efficacy of 6 mg LDN on fibromyalgia pain.

The study was powered to detect a difference between groups greater than 1-0 NRS, corresponding
to a large effect size. Even though our hypothesis was rejected, several considerations can be made

based on the estimates derived from this trial:

1. The 95% confidence interval around the primary estimand excludes a difference greater than
1-0 NRS, equivalent to a large effect size, regarding improving pain.

2. A minimal clinical difference (MID) between groups for the “level of pain” smaller than 1-0
NRS could be clinically relevant. If a distribution-based method was used, it could be
suggested that the MID is 0.75 NRS points (1.50/2). The 95% CI around our estimate for the
pain outcome does not exclude a difference of 0.75 NRS; thus, there could be a slight
chance that our findings are based on a type-2 error.

3. Supposing our estimate of the difference between groups is the actual difference, the study
showed a positive treatment effect estimate without a clinically relevant magnitude. A trial
would need at least 614 patients (randomised 1:1) to statistically detect a difference between

groups corresponding to -0.34 NRS points (using a pooled SD of 1.5).

The study was not powered to detect a difference between groups in responder indices, and we
could not demonstrate a significant difference for any responder category. However, when looking
at the 95% confidence interval around the estimand for the 30% responder indices, this could be
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interpreted as a potentially significant difference, indicating that some patients with fibromyalgia
might benefit from LDN treatment.

The only secondary outcome that was significantly improved in the current RCT was memory
problems. However, including 16 secondary outcomes (13 key secondary outcomes and three
responder indices) increased the chance of a positive finding. Accordingly, the difference between
groups regarding improving memory problems was no longer significant when adjusting for

multiplicity.

5.8. Implication of finding in Study 111

Previous trials investigating the efficacy of 4.5 mg LDN for the treatment of fibromyalgia, showing
a potentially large effect size for the reduction of pain, were potentially biased by methodological
weaknesses, as described earlier in this thesis. On the contrary, a recent trial also investigating the
efficacy of 4.5 mg LDN found a very low effect size regarding their pain outcome. However, as
described previously, this trial also had several methodological weaknesses. The current RCT used
a very rigorous methodology and thus provides a more robust estimate of the potential efficacy of

LDN on fibromyalgia pain than any previous trials.

The current trial rules out a large effect size from treatment with LDN on fibromyalgia pain.
However, we found a potentially significant difference between groups regarding 30% pain
responders. Supposing the estimates from the current RCT reflect the true treatment effects, an
estimated number needed to treat (NNT) about 6-7 can be calculated based on the 30% responder
indices and based on the number of withdrawals due to adverse events, numbers needed to harm
(NNH) can be estimated to be about 50. Currently, amitriptyline, gabapentin, pregabalin and
duloxetine are recommended for the treatment of fiboromyalgia. The current thesis provided a review
of the evidence for the risks and benefits of these treatments. The beneficial treatment effects found
in efficacy trials of amitriptyline and gabapentin are most likely overestimated due to the very low
quality of the evidence (90, 94). The evidence for the efficacy of duloxetine and pregabalin has
been supported by meta-analyses based on several large RCTs, and the quality of this evidence is
high. No general effect has been observed for these two treatments, and the effect size for
duloxetine has been estimated to be low (SMD = -0.26). Regarding at least 30% pain relief, the
estimated NNT is about 9 for duloxetine and 7 for pregabalin (450 mg) (21, 96). Based on number
of withdrawals due to adverse events, the NNH has been estimated to be about 17 for duloxetine
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and 11 for pregabalin (21, 96). Thus, LDN could potentially have a better risk-benefit profile than

guideline-recommended pharmacological treatments.

Across a range of secondary outcomes in the current RCT, a significant improvement in “memory
problems” was observed. However, this could potentially be a false positive finding due to
multiplicity. The Younger 2009 trial included the “ability to think and remember” as a secondary
outcome, and no significant improvement in this outcome was found. None of the other previous
trials have included measures of cognitive dysfunction. Future trials are needed to explore a

possible effect of LDN on cognitive function, using validated outcome measures.

In conclusion, this RCT could neither confirm nor rule out that LDN is effective for treating

fibromyalgia, and more studies are needed in the future to enable a meta-analysis.
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Chapter 6. Conclusions, implications and future perspectives

This thesis aimed to support the identification of fibromyalgia in specialised pain care settings and
to fill out the knowledge gap regarding the potential efficacy of LDN for the treatment of
fibromyalgia. The results from this thesis have several implications for clinical practice and future

research.

In conclusion, the thesis” Study I supports that the survey-based 2016 criteria can accurately
identify fibromyalgia in clinical practice and for research in specialised pain care settings. Findings
from Study 11, the dose-response study, supported a therapeutic interval of up to 6 mg LDN for the
treatment of fibromyalgia. Based on results from Study 111, LDN was estimated to have a small
positive treatment effect on pain without clinically meaningful magnitude. However, a tendency
towards a significantly higher number of 30% pain responders in the LDN group compared to the
placebo group was observed, with an estimated NNT of 6-7. Both groups had low withdrawals due
to adverse events, with an estimated NNH of 50. Thus, compared to guideline-recommended
treatments for fibromyalgia, LDN treatment could potentially be associated with a favourable risk-

benefit profile.

6.1. Implication of findings

Fibromyalgia has always been a controversial diagnosis, and its identification has relied heavily on
the beliefs of patients and physicians. A diagnosis might be influenced by the perception that no
effective treatments are available for the disease (128, 129). However, patients with fibromyalgia
can be referred to specialised pain care, where pharmacological and non-pharmacological therapies
are integrated (130). The FSQ could easily be applied as a screening survey in specialised pain care
settings to support the identification of fiboromyalgia. A fibromyalgia diagnosis will direct the
pharmacological treatment strategy towards central-acting drugs instead of peripherally-acting
medications (12). Furthermore, evidence shows that diagnostic certainty attenuates fearful beliefs

about pain and supports better self-management (131).

During the past decade, the prescription of LDN for fibromyalgia has increased rapidly, gaining
new hope for an effective and safe treatment for fiboromyalgia. However, the potential benefits of
this treatment were previously only supported by evidence from low-quality trials (26). Results
from Study 111 have a low risk of bias due to high robustness regarding methodology, and thus,
provide the most valid estimates of the risks and benefits associated with LDN treatment to date.
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Even though the evidence from Study 111 impeeds the hope that LDN could be a new, generally
effective treatment for fibromyalgia, the findings indicate that the risk-benefit profile could be
better for LDN than for guideline-recommended treatments. Thus, findings from this thesis does not
support advice against using LDN in specialised pain care settings. However, more trials are still

needed before firm recommendations can be made regarding the future use of LDN.

6.2. Future directions

A significant challenge in the treatment of fibromyalgia is that existing pharmacological treatments
have no general effect on pain. This might be explained by the fact that many different factors can
contribute to the perpetuation of pain across the same phenotype, and better management relies on
new treatments targeting underlying mechanisms. Thus, greater insights into fiboromyalgia
neurobiology are warranted to support future targeted pharmacological therapies. If neurobiological
aberrations specific to fibromyalgia are found, this could also lead to the discovery of objective

biomarkers to validate a diagnosis of fibromyalgia.

More studies are also needed in the future to comfirm the estimated effects of LDN for the

treatment of fibromyalgia found in the current thesis:

- Although the current thesis could not rule out a medium effect size from treatment with
LDN, it is most likely that only some patients with fibromyalgia will benefit from LDN
treatment. Thus, future efficacy trials should preferably be powered to detect a clinically
relevant difference in responder indices instead of group differences.

- Future studies are warranted to explore factors that could predict a positive response to
support a personalised treatment approach.

- Future dose-response studies are also highly warranted to explore a therapeutic interval of
LDN, including threshold and ceiling levels.

- Future studies might explore if doses higher than 6 mg are more beneficial. Previous trials
have only investigated the efficacy of 4.5 mg, and the current RCT was the first to use a test
dose of 6 mg. The use of doses up to 9 mg has been supported in the literature (119), and
anecdotal reports of even higher doses exist on internet pages.

- Based on the clinical experience with LDN, an improvement of dyscognition and executive
dysfunction (fibro-fog) is often reported. Future trials are needed to investigate the potential

efficacy of LDN on dyscognition associated with fibromyalgia.

58



- Evidence for a treatment effect of LDN in men with fibromyalgia is lacking. It can be
difficult to recruit men with fibromyalgia for clinical trials, as men are often not
appropriately diagnosed in clinical settings. The 2016 criteria could be applied as a tool for
the identification of men with fibromyalgia in future research.

- More knowledge is needed regarding the putative mechanisms of action of LDN, as it could

potentially guide the development of new and more effective pharmacological treatments.

In the future, and lying outside the scope of this thesis, we will perform responder analyses based
on data from the RCT, to explore the hypothesis that an inflammatory subtype of fibromyalgia
might benefit from treatment with LDN. Furthermore, possible mechanisms of action of LDN will
be examined based on exploratory outcomes from the RCT, including experimental measures pain

processing and changes in inflammatory and glial biomarkers.
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Appendix A

REVIDERET FIBROMYALGIA IMPACT QUESTIONNAIRE (FIQR)

Efternavn: Fornavn: Alder:

Varighed af fiboromyalgi symptomer (ar): Tid siden fibromyalgi blev diagnosticeret ferste gang (ar):

Instruktion: For hvert af de fglgende 9 spargsmal, saet kryds i det felt, som bedst beskriver, i hvor hgj
grad din fibromyalgi gjorde det vanskeligt at udfgre hver af de fglgende aktiviteter i lgbet af de seneste

7 dage. Hvis du ikke har udfart en af de angivne aktiviteter de sidste 7 dage, angiv da hvor vanskeligt

det var sidste gang, du udfgrte aktiviteten. Hvis du ikke kan udfgre aktiviteten, seet kryds i det sidste felt.

Egrrste eller rede dit lkkevanskeligt O O OO O OO OO OO Meget vanskeligt
20 minutters uafbrudt | e vanskeligt O O 0O OO OO OQOQO O Meget vanskeligt
gang

'rg:)(;erede et maltid lkkevanskeligt OO O O 0O 0O 0O OO OO QO Meget vanskeligt
%‘nguulge’ vaske eller | ke vanskeligt O O 0O OO OO OQOQOO Meget vanskeligt
Lofte og beere en fyldt | e vanskeligg O O OO O O O OO O O Meget vanskeligt
indkagbspose

Tage trapperne en lkkevanskeligt 0 O O O OO O O OO O Meget vanskeligt
etage op

Skifte sengetgj lkke vanskeligt 00 OO 0O O OO O O OO O Meget vanskeligt
Sidde i en stol | 45 lkkevanskeligt O O OO OO O OO OO Meget vanskeligt
minutter

Ga Pé indkah efter lkkevanskeligt OO 0O 0O O O 0O OO OO QO Meget vanskeligt
dagligvarer

Sub-total (kun til internt brug)

Instruktion: For hvert af de falgende 2 spgrgsmal szet kryds i det ene felt, der bedst beskriver
din fibromyalgis samlede indflydelse i Igbet af de sidste 7 dage.

Fibromyalgien forhindrede mig i

atopfylde mal i lgbet af ugen Aldrlg OO0OO0O00O00000 Heletiden

Jeg var fuldsteendig overveeldet af

mine fibromyalgi-symptomer Aldrig 00000000000 Heletiden

Sub-total (kun til internt brug)




Appendix A

Instruktion: For hvert af de fglgende 10 spargsmal saet kryds i det ene felt, der bedst beskriver
intensiteten af de fglgende almindelige symptomer i lgbet af de sidste 7 dage.

Vurder dit niveau af smerte

Ingen smerte OO0O0OO0OO0O0O00000 Uudholdelige
smerter
Vurder dit niveau af energi Masser af
energi OO0OO0OOO0OO0O00O00d Ingenenergi

Vurder dit niveau af stivhed

Ingen stivhed

ogbooooooobooao

Sveer stivhed

Vurder kvaliteten af din
sgvn

Vagnede
veludhvilet

ogboooooooboand

Vagnede
uudhvilet

Vurder dit niveau af
nedtrykthed

Ikke nedtrykt

goooooooobooao

Meget nedtrykt

Vurder dit niveau af
hukommelsesproblemer

God
hukommelse

ogoboooboooonoad

Meget darlig
hukommelse

Vurder dit niveau af angst

Ingen angst

gboooooooood

Megen angst

Vurder dit niveau af gmhed
ved bergring

Ingen gmhed

gtoooooooodd

Megen gsmhed

Vurder dit niveau af

Ingen balance-

Sveere balance-

balanceproblemer problemer OOO0OO0OO0OO0OO0OO0000 problemer
Vurder dit niveau af Ikke
fol hed for hgj
overfalsomhed for haje overfglsom OOO0ODOOO0OO0O0O0OODO Extremoverfglsom

lyde, skarpt lys, lugte og
kulde

Sub-total (kun til internt brug)

F|QR TOTAL (kun til internt brug)
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FSQ

Dags
dato: /

dag maned

arstal

1. Saet kryds ved alle de omrader, hvor du har haft smerter inden for den sidste uge:

L] Skulder, venstre
] Skulder, hgjre

[ @vre del af ben, venstre
[] @vre del af ben, hgjre

[] Hofte, venstre
[] Hofte, hgjre

[] Nedre del af ben, venstre
[] Nedre del af ben, hgjre

[] Leenderyg
[] @vre del af ryggen
] Nakke

O] @vre del af arm, venstre
[] Qvre del af arm, hgjre

[] Keebe, venstre
[] Keebe, hgjre

] Nedre del af arme, venstre
] Nedre del af arm, hgjre

[] Brystkasse
[] Mave

] ngen smerte i nogen af disse

omrader

2. Angiv svaerhedsgraden for hvert af de 3 nedenstaende symptomer i Igbet af den sidste uge

efter fglgende skala:

0 = Ingen problemer

1 = Lette problemer: Ubetydelige eller forbigaende
2 = Moderate problemer: Betydelige, ofte forekommende og/eller pa et moderat niveau
3 = Svaere problemer: Udtalte, vedvarende, livs-forstyrrende

(seet et kryds for hvert af de tre symptomer)

Ingen Lette

problemer

problemer

Moderate
problemer

Svaere
problemer

Traethed

Vagner u-udhvilet

Problemer med f.eks.
hukommelses- og
koncentrationsbesvaer

3. Har du i lgbet af de sidste 6 maneder haft nogle af de fglgende symptomer?

(seet ét kryds for hvert af de tre symptomer)

Ja Nej

Hovedpine

Smerter eller kramper i nedre del af maven

Nedtrykhed
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Abstract

Objectives: With the International Classification of Dis-
eases 11th revision (classifying fibromyalgia as a primary
pain disorder) soon to be implemented, the importance of
pain physicians being able to identify patients with fibro-
myalgia is emphasized. The diagnostic criteria proposed in
2016 are based on self-reported pain distribution and
symptom severity. The study aimed to evaluate the diag-
nostic accuracy of the 2016 diagnostic criteria for fibro-
myalgia applied in a population of patients with high
impact chronic pain referred for pain rehabilitation.

Methods: The study was performed as a diagnostic accu-
racy study at two Danish interdisciplinary pain rehabili-
tation centers, including 215 participants. All participants
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were evaluated clinically to identify patients with fibro-
myalgia. The diagnosis was based on expert opinion, but
the minimum requirements were: (1) pain in all four body
quadrants and axially for at least three months and (2)
minimum 8 of 18 positive tender points. Participants filled
in the fibromyalgia survey questionnaire, the patient
version of the 2016 diagnostic criteria. Sensitivity, speci-
ficity, likelihood ratios, and positive and negative post-test
probabilities were calculated using a clinical diagnosis of
fibromyalgia as the reference standard.

Results: Based on clinical diagnosis 45% of the partici-
pants were diagnosed with fibromyalgia; of these, only
19% had been diagnosed previously. The 2016 diagnostic
criteria demonstrated a sensitivity of 88.5%, a specificity of
81.5%, a positive likelihood ratio of 4.79, a negative like-
lihood ratio of 0.14, a positive post-test probability of
79.4%, and a negative post-test probability of 10.2%.
Conclusions: Fibromyalgia was severely under-diagnosed
among patients with high impact chronic pain referred to
tertiary care in two pain rehabilitation centers in Denmark.
The 2016 diagnostic criteria showed sufficient discrimina-
tory properties suggesting that the fibromyalgia survey
questionnaire can be used as a screening tool assisting the
identification of fibromyalgia in this patient population.

Keywords: diagnostic accuracy; diagnostic criteria; fibro-
myalgia; sensitivity; specificity.

Introduction

Fibromyalgia (FM) is a pain disorder characterized by
chronic widespread pain (CWP) and generalized mechan-
ical hyperalgesia. Other significant symptoms include
insomnia, fatigue, and cognitive dysfunction [1]. Patients
with FM represent a subgroup of CWP presenting with a
higher symptom burden and lower functional ability [2, 3].
In Denmark, a rheumatologist traditionally diagnoses pa-
tients with FM, but daily care is provided by primary care
practitioners, who can choose to refer severely affected
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patients (high-impact chronic pain [4-7]) to a tertiary care
pain rehabilitation center. When the new International
Classification of Diseases 11th revision (ICD-11) is imple-
mented in 2022, fibromyalgia will be classified as a primary
pain disorder (a subtype of CWP) instead of a rheumato-
logical disease [8]. Consequently, in the future, specialists
working with chronic non-malignant pain (CNMP) patients
should be able to identify individuals with fibromyalgia.

No objective biological markers can validate a diag-
nosis of fibromyalgia, and several criteria for the classifi-
cation and diagnosis of fibromyalgia have been suggested
over the years. The purpose of classification criteria is to
identify well-defined homogeneous groups of patients for
research purposes, requiring high specificity. In contrast,
diagnostic criteria strive to capture as many cases as
possible and must perform with high sensitivity [9]. How-
ever, the utilization of diagnostic tests in patient care set-
tings must be guided by evidence, and predictive values
are greatly influenced by the prevalence of the disease and
should not be generalized beyond the studied population.

The most widely used fibromyalgia research criteria are
the dual 1990 American College of Rheumatology (ACR)
classification criteria requiring both anamnestic widespread
pain and widespread mechanical hyperalgesia assessed by
manual tender point examination [10]. When developing
these criteria, tender point count was the most powerful
discriminator separating fibromyalgia from other painful
rheumatic disorders [10]. The ACR 1990 uses 11 positive
tender points as cut-off, but later studies have shown that a
shift in disease severity in patients with CWP occurs at eight
tender points [11]. In the clinical context, the ACR1990
classification criteria have been criticized for placing the
diagnosis at the far end of a severity spectrum and ignoring
other important key symptoms [12, 13]. This led to the pro-
posal of diagnostic symptom-based criteria in 2010, and the
definition of fibromyalgia expanded to include symptoms
other than pain [14]. For the 2010 diagnostic criteria, three
pain sites were sufficient for the definition. With a revision of
the criteria in 2016 a generalized pain criterion was added,
requiring pain in four out of five body regions with a mini-
mum of four pain sites [15]; these criteria are referred to as
the 2016 diagnostic criteria. The 2016 diagnostic criteria
have been validated in populations with rheumatic disor-
ders [16-18] and in a Norwegian population of CNMP pa-
tients [19], showing acceptable internal consistency and
good construct validity.

To our knowledge, only one study has investigated the
diagnostic accuracy of the 2016 diagnostic criteria in a tertiary
care pain rehabilitation setting, using the ACR1990 criteria as
the reference standard [20]. Only patients with CWP were
included, and the 2016 diagnostic criteria demonstrated both
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low sensitivity and specificity. However, as diagnostic and
classification criteria have been developed for different pur-
poses, using classification criteria as a reference standard for
the diagnostic accuracy of diagnostic criteria is questionable.

This study aimed to investigate the diagnostic accu-
racy of the 2016 diagnostic criteria for fibromyalgia in a
cross-sectional sample of patients with mixed CNMP dis-
orders referred to tertiary care, using a clinical diagnosis of
fibromyalgia by expert opinion as the reference standard.

Materials and methods
Study design

The study was designed as a prospective diagnostic accuracy study.
The performance of the 2016 diagnostic criteria for fibromyalgia was
investigated in a cross-sectional sample of patients with mixed
chronic pain conditions referred to tertiary care. The reference stan-
dard was a clinical diagnosis of fibromyalgia by expert opinion. The
study was performed according to Standards for Reporting Diagnostic
accuracy studies (STARD) 2015 guidelines [21].

Participants

Participants were recruited from two Danish public interdisciplinary
pain rehabilitation centers. One was a university hospital unit (Center
1) and the other a general hospital unit (Center 2). Both centers
received patients with different CNMP disorders referred by primary
care practitioners. Patients referred to pain rehabilitation in Denmark
must be sufficiently examined for diseases accessible to causal treat-
ment before referral. Most patients referred will suffer from primary
chronic pain conditions displaying nociplastic pain features [22]. Only
a minor group consists of patients with rheumatological or neuro-
logical diseases, where disabling pain is still present despite suc-
cessful causal treatment.

A specific chief consultant at each pain center recruited the study
participants. From December 10th, 2017, patients were invited to
participate at their first appointment with one of the two responsible
consultants for two consecutive years. As one of the consultants
changed employment during the study period, inclusion was termi-
nated earlier in Center 2 (end of August 2019). Inclusion criteria were
patients aged 18 years or above who could read and understand
Danish. Patients who were not able to complete questionnaires due to
poor somatic or mental status were excluded.

The 2016 diagnostic criteria

The 2016 diagnostic criteria consist of a Widespread Pain Index (WPI),
a Symptom Severity Score (SSS), and a generalized pain criterion [15].
The questionnaire can be completed by a physician or patient. The
patient version used in this study is referred to as the fibromyalgia
survey questionnaire (FSQ) [23]. To fulfill the 2016 criteria, the patient
had to have a WPI of at least seven and a SSS of at least five or a WPI of
4-6 and a SSS of at least nine. Furthermore, a generalized pain
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criterion had to be satisfied, defined as pain in a minimum of four of
five regions.

Translation procedure

The FSQ was translated to Danish according to standardized guide-
lines [24]. The questionnaire was initially translated independently
from English to Danish by a panel of two researchers and one
nonprofessional. Based on these three translations, the panel agreed
on a Danish version. A new panel of two researchers and one
nonprofessional then translated the Danish version back to English.
Finally, all six members of the two panels collectively evaluated the
Danish version and the reverse English translation and agreed on a
final Danish version. Members of both panels had to be fluent in both
Danish and English. The final version was pilot tested in six patients
with FM or other CNMP conditions. The patients were asked to fill in
the questionnaire and were consecutively interviewed regarding
comprehensibility. Approval was obtained from the developers to use
and translate the instrument. The Danish version is presented in the
Supplementary Material.

Assessment of widespread pain and tender point
examination

Information about pain distribution was obtained both from in-
terviews and pain drawings (body chart). In this study, CWP was
defined as persistent or recurrent pain during the past three months
located both axially and in all four body quadrants (representing five
pain regions). The presence of widespread tenderness was evaluated
based on examination of the 18 tender points defined by the ACR1990
criteria [10]. The tender point examination was carried out using a
handheld spring-based pressure algometer with a probe area of 1 cm?
At each point, increasing pressure was slowly applied until a
maximum of 4 kg/cm? If a pain reaction was observed (vocalized,
grimace or flinch) before or at a pressure of 4 kg/cm?, the point was
considered a positive tender point. The two consultants trained the
procedure together before and during the trial to secure a high and
identical quality of testing [25]. Consultants were blinded to the re-
sponses on the fibromyalgia survey during the interview and the
tender point examination.

Reference standard

The reference standard was a clinical diagnosis of FM by expert
opinion based on full history and clinical examination. To be diag-
nosed with FM the patients had to fulfill the criteria for CWP as
described above. Furthermore, they were required to have symptoms
of widespread pressure hyperalgesia, demanding a minimum of eight
positive tender points (moderate pain = vocalized, grimace, or flinch)
located both over and below the waist.

Both consultants had long-term experience in evaluating pain
patients and received training from a senior rheumatologist and fi-
bromyalgia expert to ensure a uniform evaluation of the clinical di-
agnose of fibromyalgia. Continuous consensus in diagnosing was
made between the two pain specialists throughout the study, and in
complicated cases, the senior rheumatologist was consulted.
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Other assessments

Demographic data were collected about age, gender; body mass in-
dex, work status, medication, comorbidity, and existing FM diagnosis.
Comorbid diseases were required to be in a stable and inactive state.
Disease activity was evaluated using information from the patients’
file only, and we did not perform new laboratory testing. To evaluate
the level of pain and the intensity of common pain-related symptoms,
the participants were asked to complete the symptom domain of the
symptom impact questionnaire-revised (SIQR) [26, 27].

Statistical analyses

Our study group previously estimated the prevalence of FM in the target
population to be 37% based on the 2016 diagnostic criteria [28]. However,
the diagnostic accuracy of the 2016 criteria was unknown, and we sus-
pected the true prevalence to be lower. With an estimated prevalence of
FM set at 30%, a minimum sample size of 103 subjects (including 31
subjects with FM) would be required to achieve a minimum power of
80% to detect a change in the percentage value of sensitivity from 70.0 to
90.0 based on a target significance level of 0.05 [29]. A minimum sample
of 44 subjects (including 13 subjects with FM) is required to detect a
change in the percentage value of specificity from 70.0 to 90.0. As the
prevalence estimate was uncertain, it was decided to include patients
over two consecutive years, approximately 200 patients.

Data were collected in paper format, entered into a database, and
transferred to the statistical program Stata 16 for analysis. Descriptive
statistics were used to describe the population, using numbers and
percent to present categorical variables and median and interquartile
ranges to present continuous and numerical variables. Comparative
analyses were performed to investigate any differences in demographic
data, pain characteristics, and level of pain-related symptoms between
patients with and without FM based on the clinical diagnosis.
Comparative analyses were also made between FM patients with and
without an existing diagnose. The chi-square test, Fisher’s exact test, or
the Wilcoxon rank-sum test was used according to data type. A
p-value < 0.05 was considered significant.

To analyze performance characteristics of the 2016 diagnostic
criteria, contingency tables were made using the clinical diagnosis as
the reference standard. Data were derived from the tables to calculate
sensitivity, specificity, and positive and negative likelihood ratios.
Furthermore, we have examined the positive post-test probability
(PPTP) and the negative post-test probability (NPTP). PPTP is the
probability of having the disease if the test is positive. PPTP has the
same value as the positive predictive value (PPV). The negative post-test
probability (NPTP) is the probability of having the disease if the test is
negative. NPTP equals one minus the negative predictive value (NPV).

Results

Study participation

Of the 297 patients screened for eligibility, 275 met the in-
clusion criteria, and 215 patients were included in the
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study, giving an overall participation rate of 78% (Figure 1).
Of these, 163 (76%) were included at the university hospital
unit and 52 (24%) at the general hospital unit, with 76 and
87% participation rates, respectively. Patient characteris-
tics are presented in Table 1.

Diagnose of FM based on expert opinion

Among the 215 participants evaluated by the two expert pain
physicians, 96 were diagnosed with FM equivalent with 45%
of this sample (Table 2). In this study population, 15% of the
men and 55% of the women were diagnosed with FM.

General hospital unit

Assessed for eligibility (n=61)
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Performance of the 2016 diagnostic criteria

The contingency table and performance characteristics for
the 2016 diagnostic criteria using a clinical diagnosis as the
reference standard are presented in Tables 2 and 3. The
criteria demonstrated a sensitivity of 88.5%, a specificity of
81.5%, a positive likelihood ratio of 4.79, a negative like-
lihood ratio of 0.14, a positive post-test probability of
79.4%, and a negative post-test probability of 10.2%.
Contingency table and performance characteristics
showing how the criteria would perform if the 1990ACR
classification criteria had been used as the reference stan-
dard instead are presented in Supplementary Tables 1 and 2.

Not meeting inclusion criteria (n=1)

7

Eligible to participate (n=60)

Excluded (n=8)
.| ¢ Declined to participate (n=5)
"| + Other reasons (n=3)*

Y

General hospital unit
Included (n=52)

*Other reasons: treatment ended before second visit (n=2), excluded because of very poor somatic or

mental status (n=1)

University hospital unit

Assessed for eligibility (n=236)

A4

Not meeting inclusion criteria (n=21)

Y

Eligible to participate (n=215)

Excluded (n=52)
»| ¢ Declined to participate (n=14)
+ Other reasons (n=38)**

Figure 1: Overview of participant flow.

4

University hospital unit
Included (n=163)

**QOther reasons: treatment ended before second visit (n=27), excluded because of very poor somatic

or mental status (n=11)

*QOther reasons: Treatment ended before
the second visit (h=2); excluded due to very
poor somatic or mental status (n=1).
**Qther reasons: Treatment ended before
the second visit (n=27); excluded due to
very poor somatic or mental status (n=11).
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Table 1: Patient characteristics showing the distribution for the entire cohort and each pain center.

Variable Total (n=215) Centre 1 (n=163) Centre 2 (n=52)
Women n, % 160 (74) 123 (76) 37 (71)
Age in years (median, quartiles) 49 (38, 58) 50 (38, 58) 45 (38, 53.5)
BMI kg/m? (median, quartiles) 26.8 (24, 32) 28.2 (24, 33) 25.6 (23, 29)
Pain duration in years (median, quartiles) 10 (5, 20) 11 (6, 20) 7 (4,19)
Employment situation *:

Working on ordinary conditions n, % 30 (14) 18 (11) 12 (23)
Subsidized job n, % 46 (21) 40 (25) 6(12)
Sick leave n, % 52 (24) 40 (25) 12 (23)
Disability pension n, % 40 (19) 30(18) 10 (19)
Retired n, % 23 (11) 17 (10) 6(12)
Studying n, % 15 (7) 13 (8) 2 (4)
Fibromyalgia diagnosed before referral n, % 40 (19) 32 (20) 8 (16)
Fibromyalgia diagnosed after referral n, % 96 (45) 73 (45) 23 (44)

?Different n due to missing data.

Table 2: 2 x 2 contingency table for the 2016 diagnostic criteria vs.
a clinical diagnose of fibromyalgia based on expert opinion.

2016 diagnostic criteria Clinical diagnose Total
of fibromyalgia
Yes No
Positive 85 22 107
Negative 11 97 108
Total 96 119 215

Differences in characteristics between
patients with and without FM

Differences regarding demographics and pain characteris-
tics are shown in Tables 4 and 5. There were significantly
more women in the FM group, and FM patients were more
often in a subsidized job, on sick leave, or disability pension.
Longer duration of pain, higher intensity of both pain, and
all other SIQR items, including the symptom domain score,
were observed for the FM group. FM patients used opioids
less frequently and low dose naltrexone more regularly.

Differences in characteristics between FM
patients with and without an existing
diagnose

Among the 96 participants diagnosed with FM in this study,
40 (19%) had been diagnosed before referral (Table 1). There
were no men with an existing FM diagnosis, but eight male
FM patients were identified in the study. The group with an
existing FM diagnose (FM-E) was compared to the group
diagnosed only in the study (FM-S) (Tables 4 and 5). The
number of tender points was significantly higher in the FM-E
group. Otherwise, no differences were found regarding de-
mographics, pain characteristics, or level of symptoms. The
number of patients who fulfilled the ACR1990 criteria was
comparable between the FM-E and FM-S groups.

The expert pain physicians confirmed all patients with
an existing FM diagnosis to have FM. Among the 56 pa-
tients from the FM-S group, the referral diagnoses were
CWP (n=15), rheumatological disease (n=6), back pain
(n=13), neck pain (n=7), other localized pain (n=7), or un-
specified pain (n=8).

Table 3: Performance characteristics of the 2016 diagnostic criteria for fibromyalgia, using a clinical diagnosis as the reference standard.

Sensitivity Specificity  Positive likelihood  Negative likelihood Positive post-test Negative post-test

ratio ratio probability probability
0.885 (0.822- 0.815 (0.745- 4.789 (3.262- 0.141 (0.080- 0.794 (0.718-0.871)? 0.102 (0.045-0.159)?
0.949)? 0.885)? 7.032)* 0.247)?

295% confidence interval.
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Table 4: Differences in demographic data between patients with and without fibromyalgia and between patients with fibromyalgia diagnosed

before and after referral.

Variable No fibromyalgia Fibromyalgia p- Fibromyalgia previ- Fibromyalgia not previ- p-

(n=119) (n=96) Value® ously diagnosed ously diagnosed (n=56) Value®
(n=40)

Women n, % 72 (61) 88(92) <0.001 40 (100) 48 (85) <0.05

Age in years (median, quartiles) 49 (37, 61) 48.5 (41, 55) 0.42 49.5 (43, 55.5) 48.5 (37.5, 53) 0.23

Pain duration in years (median, 8 (4,17) 13 (8, 21) <0.001 15 (9, 25) 11 (6, 20) 0.06

quartiles)

Employment status:” <0.05 0.12

Working on ordinary conditions n, 22 (18) 8(8) 4(11) 4(7)

%

Subsidized job n, % 22(18) 24 (25) 11 (30) 13 (23)

Sick leave n, % 26 (22) 26 (27) 6 (16) 20 (36)

Disability pension n, % 19 (16) 21 (22) 13 (35) 8 (14)

Retired n, % 19 (16) 4 (4) 13 3(5)

Studying n, % 8(7) 7 (7) 2(5) 5(9)

Comorbidity:

Inflammatory rheumatic disease 7 (6) 9(9) 0.33 2(5) 7 (13) 0.21

n, %

Polyneuropathy or multiple 9(8) 1(1) <0.05 0(0) 1(2) 0.40

sclerosis n, %

Pain medication:

Paracetamol n, % 41 (34) 26 (27) 0.25 12 (30) 14 (25) 0.59

NSAIDs n, % 13 (11) 12 (13) 0.72 5(13) 7 (13) 1.00

Tricyclic antidepressants n, % 18 (15) 11 (11) 0.43 5(13) 6(11) 0.79

Gabapentin n, % 19 (16) 10 (10) 0.24 4(10) 6(11) 0.91

Pregabalin n, % 15 (13) 8 (8) 0.31 4 (10) 4 (7) 0.62

SNRIs n, % 24 (20) 20 (21) 0.90 11 (28) 9 (16) 0.17

Low dose naltrexone n, % 5(4) 13 (14) <0.05 8 (20) 5(9) 0.12

Opioids n, % 43 (36) 22 (23) <0.05 8 (20) 14 (25) 0.57

3Chi-square test or Fisher’s Exact test for categorical data and Wilcoxon rank-sum test for continuous or numerical data. ®Different n due to

missing data.

Discussion

To our knowledge, this is the first study to investigate the
diagnostic accuracy of the 2016 diagnostic criteria for fi-
bromyalgia using clinical diagnosis as the reference
standard in a CNMP tertiary care pain rehabilitation
setting. The 2016 diagnostic criteria were translated to
Danish according to standardized guidelines [24], and
the Danish version is provided in the Supplementary
Material and is freely available for other purposes. The
2016 diagnostic criteria showed acceptable discrimina-
tory properties for the identification of fibromyalgia in the
population examined.

Diagnosing FM in the clinic

There is an ongoing debate whether to regard fibromy-
algia as a primary pain disorder or as part of a functional

somatic syndrome [8, 30, 31]. However, as experts
working with pain rehabilitation, pain medicine, and
pain research (e.g. clinical trials investigating the effect
of new pain treatments), we welcome the new ICD-11
revision, which acknowledges widespread pain to be the
core symptom in fibromyalgia. The presence of wide-
spread pain is a key symptom in both the ACR1990
classification criteria, the 2016 diagnostic criteria, and
other later proposed diagnostic criteria [32-35]. Some
criteria have focused on mechanical hyperalgesia as
another important key symptom. In contrast, others
focus more on the level of somatic symptoms. A diag-
nosis of FM in the clinical setting will always be based on
an expert’s opinion, taking symptoms, objective signs,
comorbidity, medication, and the ruling out of other
possible causes of the symptoms into consideration.
However, a systematic approach using well-validated
diagnostic criteria can be a valuable aid in identifying
patients with FM.
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Table 5: Differences in pain characteristics and level of symptoms between patients with and without fibromyalgia and between patients with
fibromyalgia diagnosed before and after referral.

Variable No fibromyalgia Fibromyalgia p- Fibromyalgia previously Fibromyalgia not previ- p-
(n=119) (n=96) Value® diagnosed (n=40) ously diagnosed (n=56) Value®

Widespread pain index 53,7) 11 (9, 15) <0.001 10.5 (9, 16) 12 (9, 14) 0.89

(WPI)® (median, quartiles)

Symptom severity score 7 (4,9) 10 (8, 11) <0.001 10 (8, 11) 10 (9, 11) 0.32

(SSS)° (median, quartiles)

Tender point count? (median, 6(2,11) 16 (13, 18) <0.001 17 (15, 18) 15.5(12,18) <0.05

quartiles)

Full fills ACR1990 criteria®n, % 0 (0) 88(92) <0.001 37 (93) 51 (91) 0.80

Items from the SIQR symptom

domainf

Pain (median, quartiles) 6 (5, 8) 7 (6,8) <0.05 7 (6, 8) 7 (6, 8) 0.69

Energy (median, quartiles) 6 (4, 8) 7 (5,8 <0.05 7 (5, 8) 7 (5, 8.5) 0.67

Stiffness (median, quartiles) 5(2,7) 7 (5,8) <0.001 7 (5, 8) 7 (5, 8) 0.54

Sleep quality (median 6(2,8) 8(6,9) <0.001 8.5 (6.5, 10) 8(6,9) 0.38

quartiles)

Depression (median 2(0,5) 5(1,7) <0.001 5(1,7) 5 (1.5, 6.5) 0.99

quartiles)

Memory problems (median, 5(2,7) 7 (5, 8.5) <0.001 7 (6, 8) 7(5,9) 0.72

quartiles)

Anxiety (median quartiles) 0(0,2) 2(0,5) <0.001 1(0, 3.5) 3(0, 6.5) 0.09

Tenderness to touch (me- 4(0,7) 7 (5.5,9) <0.001 7(5,9) 7(6,9) 0.62

dian, quartiles)

Balance problems (median, 2(0,5) 5(2,7) <0.001 5(3,7) 5(1,7) 0.39

quartiles)

Sensitivity to sensory inputs 2(0,7) 7 (4.5,8) <0.001 8(5,9) 73,8 0.12

(median, quartiles)

FIQR symptom domain sum 38 (28, 51) 61 (49, 70.5) <0.001 60.5 (50.5, 69) 61 (48.5,71) 0.94

score® (median, quartiles)

3Chi-square test or Fisher’s Exact test for categorical data and Wilcoxon rank-sum test for continuous or numerical data. "Widespread Pain Index
(WPI) from the 2016 diagnostic criteria. The WPI counts the number of painful body parts during the past 7 days, giving rise to a score between
0 and 19. “Symptom Severity Score (5SS) from the 2016 diagnostic criteria. SSS is ranging from 0-12. “Tender point examination was carried
out using a handheld pressure algometer. Each tender point was examined applying a slowly increased pressure until 4 kg/cm?. If the threshold
for pain was reached, the tender point was considered positive. The number of positive tender points is ranging from 0-18. °All participants
were classified according to the American College of Rheumatology classification criteria from 1990 (ACR1990). The participants full filled the
criteria if they reported having had widespread pain (pain in all four body quadrant plus axially) during the last 3 months and had a minimum of
11 out of 18 positive tender points. ‘Level of pain and the intensity of nine common pain-related symptoms, were evaluated using the 10 items
from the symptom part of the Symptom Impact Questionnaire-Revised (SIQR). Each item evaluates the average severity of the symptom during
the last 7 days on a 0-10 numeric rating scale (NRS), 0 indicating “no problem” and 10 indicating “severe problems.” $The SIQR symptom
domain sum score is calculated as the sum of the 10 items (range 0-100).

Diagnosing FM in the study population

In this study, we diagnosed FM based on expert opinion,
considering both full history and clinical examination. To
secure homogeneity and transparency of the diagnosis,
some minimum requirements were agreed on (1) pain
located in all four body quadrants plus axially for at least
three months, and (2) the presence of a minimum 8 of 18
positive tender points. This was based on a previous study
showing that a shift in severity of disease in CWP patients
occurs at eight positive tender points [11]. The tender point

examination is a quick, easy to learn, and reliable instru-
ment in the clinic [25, 36]. Most of the patients diagnosed
with FM in the study also fulfilled the ACR1990 criteria.

That fibromyalgia is more prevalent among women,
with a male to female ratio of 1:3 found in the general
population [37], was observed in our present sample with a
ratio of 1:3.7. Only 19% of the patients diagnosed with FM
had an established diagnosis, and notably, none of them
were men. Patients diagnosed with FM only in the study did
not differ from patients with an existing FM diagnosis,
except they had a lower tender point count.
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In our study population, 45% were diagnosed with FM
based on expert opinion, 41% fulfilled the ACR1990
criteria, and 50% fulfilled the ACR2016 criteria. In a pre-
vious study, including 1,343 patients from Center 1, only
37% fulfilled the ACR2016 criteria [28]. The demographic
characteristics for the two study populations are compa-
rable except regarding gender, showing a higher ratio of
women in our present sample (74 vs. 66%), which could
explain the observed differences in FM frequency. In a
recent study including more than 12.000 patients from all
tertiary pain centers in Denmark, 68% were women [22].

Performance of the 2016 diagnostic criteria

Even though the diagnostic accuracy of the 2016 diagnostic
criteria has previously been shown to be acceptable in the
general population and populations of patients with different
rheumatic diseases [15], they might perform differently in
CNMP populations. In our mixed CNMP tertiary care sample,
the 2016 diagnostic criteria demonstrated high sensitivity and
acceptable specificity. Thus, in this study population, the
2016 diagnostic criteria showed sufficient discriminatory
properties, indicating that the FSQ can be used as an easily
applied tool to assist systematic screening for FM in patients
referred for tertiary pain rehabilitation.

In a previous diagnostic accuracy study of the 2016
diagnostic criteria in a tertiary care pain rehabilitation
setting, only patients with CWP were included. Using the
ACR1990 criteria as reference standard they found the 2016
criteria to perform poorly [20]. This finding suggests that the
2016 diagnostic criteria might not be helpful in discrimi-
nating FM from CWP with lower severity in populations with
high impact pain.

Implications of diagnosing FM

Itis well known that patients with fibromyalgia have a higher
symptom burden and lower functional ability compared to
patients with other chronic pain disorders, including pa-
tients with CWP who do not fulfill the ACR1990 criteria
[3, 38]. In accordance with this, we found that patients
diagnosed with FM had a significantly longer duration of
pain, higher symptom burden, and were more work inca-
pacitated than the non-FM group.

We found FM to be severely under-diagnosed in this
cross-sectional sample of patients with mixed high-impact
chronic pain conditions referred to pain rehabilitation. Only
15 of the 56 patients not previously recognized to have FM
were referred with a diagnosis of CWP, whereas the remaining

DE GRUYTER

41 were referred with localized or unspecified pain diagnoses.
Despite rapidly increasing insight into pathophysiological
mechanisms [39, 40], fibromyalgia remains a controversial
diagnosis due to limited knowledge about the disease among
many healthcare professionals [41, 42], and the diagnosis is
often delayed by several years [43]. A correct and timely
diagnosis is of great value to patients as it encourages better
self-management [44] and helps healthcare providers to offer
appropriate care [42]. We suggest that a systematic approach,
including the use of the FSQ, could easily be implemented as
a routine to assist the identification of FM among patients
with chronic pain referred to tertiary care.

Strengths and limitations

To secure an accurate reference standard and to limit
interrater variability, patients were recruited by two senior
pain specialists who were trained in diagnosing fibromy-
algia and performing tender point examination. Secretaries
otherwise not involved in the study allocated all referred
patients randomly to all the specialists working at the
centers, striving to secure a valid cross-sectional sample of
the total population from the two pain centers. However,
this cross-sectional sample had a high frequency of
women, explaining the relatively high frequency of FM
found in the present study. With a fibromyalgia prevalence
of 45% in this population, the sample size was sufficient to
estimate the diagnostic accuracy with acceptable power
[29]. To reduce bias the investigators were blinded
regarding the FSQ and the participants were not informed
whether they were diagnosed with FM in the study until
after they had completed the FSQ.

As the study was performed at two pain centers in
Denmark, our results might not be generalizable to other
tertiary care chronic pain populations in Denmark or other
countries. In Denmark, all patients referred to pain reha-
bilitation receive the diagnose “chronic complex non-
malignant pain.” We did not collect data about the history
of trauma, surgery, or previous cancer treatment in the
present study. The implementation of the ICD-11 will secure
diagnosis of primary and secondary pain in future trials.

Conclusions

The 2016 diagnostic criteria showed high sensitivity and
acceptable specificity in the study population and were
able to capture the spectrum of the disease, but also
included some false positives. Our results suggest that the
FSQ might be useful as an easily applied screening tool to
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assist the identification of patients with fibromyalgia in
tertiary care chronic pain settings. However, more studies
investigating the diagnostic accuracy of the 2016 criteria in
larger CNMP populations and other settings and countries
are warranted.
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Abstract

Objective. This study explores dose-response relationships when treating fibromyalgia with low-dose
naltrexone.Design. A single-blinded clinical trial was carried out using the “up-and-down” method.Subjects. Subjects
included women with a diagnosis of fibromyalgia aged 18-60 years who had been referred to treatment at a public
pain clinic at a Danish university hospital.Methods. The test doses were in the range 0.75-6 mg, and the dosing inter-
val was 0.75mg. The method was sequential and allowed predicting the dose effective in 50% (ED50) and 95%
(ED95) of the subjects when the dose had shifted direction 10 times, and six pairs of “up-and-down” data were
available.Results. A total of 27 subjects were included in the study; two subjects were withdrawn. After inclusion of
25 evaluable subjects, the dose estimates were calculated as 3.88 mg for ED50 and 5.40 mg for ED95. As a secondary
outcome, the effects on 10 common fibromyalgia symptoms were evaluated. A high interindividual variation was
observed both in the symptom presentation at baseline and in which symptoms were reduced by low-dose
naltrexone.Conclusions. This study is the first to explore dose-response relationships in the treatment of fibromyalgia
with low-dose naltrexone. Future placebo-controlled randomized clinical trials are needed, and according to our
findings, 4.5 mg, which has previously been used, seems to be a relevant test dose. We recommend that future stud-
ies include additional nonpain fiboromyalgia symptoms as outcome measures.

Key Words: Fibromyalgia; Low-Dose Naltrexone; LDN; Dose—Response

Introduction nociceptors and reduced central inhibition, leading to a
widespread hyperalgesic state [3]. More recently, distur-
bances in the immune system with signs of an inflamma-
tory state in the central nervous system (CNS) have been
found [3-6]. FM patients have been shown to have in-
creased levels of enkephalins in the cerebrospinal fluid
(CSF) [7], and decreased mu receptor availability has
been demonstrated [8], suggesting that these patients
have a dysfunction of the endogenous analgesic

Fibromyalgia (FM) is a chronic disorder characterized by
generalized pain and tenderness, accompanied by a range
of symptoms such as fatigue, insomnia, cognitive distur-
bances, increased sensitivity to other sensory inputs, anx-
iety, and depression [1]. FM is a common disorder
affecting ~2% of the population [2]. Accumulating evi-
dence indicates that FM patients have changes in their
pain regulatory system, with facilitated excitation of
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mechanisms. No specific treatment of FM is available,
and traditional pharmacological therapies aim at either
reducing the release of facilitatory neurotransmitters
(e.g., gabapentinoids) or blocking the reuptake of both
serotonin and norepinephrine [1].

Low-dose naltrexone (LDN) is used widely as off-
label treatment for various conditions [9,10], but the
evidence for its use in FM is sparse [10]; to our
knowledge, only three small clinical trials have been
published [11-13].

Naltrexone is primarily known for its antagonistic
effect on the opioid receptor [14], but it is also thought
to blunt dopaminergic transmission in mesolimbic path-
ways [15], thereby attenuating craving and reinforcing
effects of substances of abuse. Naltrexone is marketed as
an additional therapy for supporting abstinence in
patients with opioid or alcohol use disorders [16]. It has
been known for decades that naltrexone can have a para-
doxical analgesic effect when used in low doses [17]. The
proposed mechanisms of action for LDN on FM are 1)
improvement of opioid signaling and 2) an anti-
inflammatory effect. Evidence, primarily from animal
studies, has shown that LDN increases levels of both en-
dorphin and met-enkephalin (opioid growth factor
[OGF]) and increases expression of opioid receptors and
OGF receptors [18,19]. Moreover, LDN binds to
Toll-like receptor 4 (TLR4) on glial cells, where it
exhibits antagonist properties, leading to reduction of
pro-inflammatory cytokines such as interleukin-6 and tu-
mor necrosis factor-alpha [13,20,21].

In the previous studies investigating the effect of LDN
on FM, a dose of 4.5 mg was used. However, thus far, no
dose-response studies have been carried out. The aim of
this study was to explore dose-response relationships
when treating FM patients with LDN, and thereby to es-
timate the dose effective in 50% of subjects (ED50) and
the dose effective in 95% of subjects (ED95). A second-
ary aim was to investigate which FM symptoms were
most commonly reduced by LDN.

Methods

Procedure

A single-center study was conducted at a public univer-
sity hospital pain center in Southern Denmark. Approval
was obtained from the Danish Data Protection Agency,
the Ethical Committee of Southern Denmark (S-
20160121), and the Danish Health and Medicines
Authority. The study was registered with the European
Union Drug Regulation Authorities Clinical Trials
Database (EudraCT-nr: 2016-002081-31) and was mon-
itored by the Good Clinical Practice (GCP) unit at
Odense University Hospital. Informed consent was
obtained from all subjects entering the study. Enrollment
began in June 2017, and the study was completed in
September 2018. The study medication was produced at

Glostrup Pharmacy, and the tablets were blinded in simi-
lar white gelatin capsules and labeled with blinding
codes. The medicine was administered orally once daily
in the evening.

Entry Criteria

Subjects eligible for the study were Caucasian women
aged 18-60years who had a diagnosis of FM. The sub-
jects were required to understand and write Danish, and
all fertile women were requested to use secure anticon-
ception or to be sexually abstinent for the three weeks be-
fore entering and the one week after concluding the trial.
Exclusion criteria included known allergy toward nal-
trexone hydrochloride, any known inflammatory rheu-
matic disease, any known neurological disease, other
significant localized pain conditions, psychiatric disease,
suicidal ideation, suicidal attempt during the past five
years, pregnancy or breastfeeding, use of opioids within
the eight weeks before entering the trial, and abuse of al-
cohol or other substances.

All subjects included in the study were referred to
treatment at the pain center and were identified at the
end of the treatment course as patients who had not
benefitted sufficiently from traditional pharmacological
treatment. Because male patients with a diagnosis of FM
are rarely referred to the pain center, it was decided to in-
clude only female subjects. Subjects eligible were exam-
ined by a pain specialist (KBP) at a screening interview,
and all included subjects fulfilled both the classification
criteria approved by the American College of
Rheumatology (ACR) in 1990 [22] and the diagnostic
criteria approved by the ACR in 2011 [23]. A pregnancy
test was performed in all fertile subjects at inclusion.

Subjects were allowed to continue their usual medica-
tion during the trial, but the treatment had to be stable
during the trial. Any change in usual medication or initia-
tion of new medicine that could influence pain, sleep, or
fatigue during the trial would lead to exclusion from the
trial.

The subjects did not receive any compensation for
participation in the trial.

Study Design

The study was designed as a prospective dose-response
study using the “up-and-down” method [24]. The
method is sequential and allows predicting the ED50 and
ED935, when the dose has changed direction 10 times and
six pairs of “up-and-down” data are available. These
EDS50 and ED9S5 serve as a range for a reasonable dose.
The method usually requires 20-30 patients [24]. In this
study, the dosing interval was 0.75 mg, and the chosen
test doses were 0.75 mg, 1.5 mg, 2.25 mg, 3 mg, 3.75 mg,
4.5mg, 5.25mg, and 6 mg. All subjects received active
treatment but were blinded to which dose they received.
The primary investigator (KBP) was not blinded to which
dose the subjects received.
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The subjects had three visits during the trial, and all
visits were performed by the primary investigator. At the
first visit (day 1) baseline data were collected and medi-
cine was dispensed in separate containers for the first
two weeks of treatment (14 capsules) and for the third
week of treatment (seven capsules). Visit 2 was a tele-
phone visit (day 15), and visit 3 (day 29) was a follow-up
meeting one week after the end of treatment. At visits 2
and 3, the subjects were interviewed about adverse events
and compliance with the treatment. At visit 3, the empty
medicine containers were returned, and any noningested
capsules were counted. A subject was considered compli-
ant if no more than two capsules were returned after the
first two weeks of treatment and if no more than one cap-
sule was returned after the third week of treatment. At
all visits, the shared electronic medical record was
updated to ensure that concomitant medication was sta-
ble. Electronic questionnaires were sent out by e-mail af-
ter two and three weeks of treatment. Because of the
sequential method, subjects who were withdrawn or
dropped out during the trial were not evaluated but were
replaced.

The first subject was randomized to treatment with
2.25mg, 3mg, 3.75mg, or 4.5mg using the envelope
method. Evaluation of response was made after two
weeks of treatment based on the electronic question-
naires. The evaluation was made before visit 2 to reduce
bias. The primary end point was subjective evaluation of
improvement of overall FM symptoms using a seven-
point transition scale—the Patient Global Impression of
Improvement Scale (PGI-I). A subject was considered a
responder if she scored 1-3 on the PGI-I scale, which
ranges from 1 (very much improved) to 7 (very much
worse), with 4 being no change. An additional primary
end point was chosen to be a >30% reduction in pain
from baseline, measured as average pain during the last
three days on a 0-100 visual analog scale (VAS).

The primary end point was evaluated after two weeks,
but the treatment was given for a total of three weeks to
evaluate if significant changes in effect occurred between
two and three weeks of treatment. If it turned out in the
beginning of the trial that significant improvement oc-
curred between two and three weeks of treatment, the
protocol of the study allowed for changing the time for
evaluation of the primary end point to three weeks in-
stead of two weeks.

Secondary Outcomes

To evaluate the effect of LDN on other FM key symp-
toms, the 10 items from the symptom part of the
Fibromyalgia Impact Questionnaire Revised (FIQR) [25]
were chosen as secondary outcome measures. Each item
evaluates the average severity of the symptom during the
last seven days on a 0-10 numeric rating scale (NRS).
The composite value of the 10 items from the symptom
part of the FIQR (sFIQR) was calculated as a rough

measure of symptom burden. The Insomnia Severity
Index (ISI) questionnaire was used to evaluate changes in
sleep quality [26].

Statistical Analyses

The primary analysis was made per protocol. Given that
the “up-and-down” method [24] does not allow for im-
putation or related methods, subjects who were with-
drawn or dropped out or who did not complete the
treatment as intended were replaced. To account for the
implicit assumption of increasing effect with increasing
dose, the study applies isotonic regression, as suggested
by Pace and Stylianou [24], which provides estimates of
EDS50 and ED95 with smaller bias than the traditional
Dixon and Mood (1948) estimators [27]. The analysis
was performed in STATA 15.0 using the IRAX module
developed by van Putten and Royston [28]. As an exten-
sion of the isotonic regression, ED50 and ED95, together
with their 95% confidence limits, were thus not calcu-
lated from data but predicted by the pooled-adjacent-
violators algorithm (PAVA), as suggested by Pace and
Stylianou [24]. Descriptive statistics (numbers, percen-
tages, means, standard deviations, and interquartile
ranges) were used to evaluate demographic data and sec-
ondary outcome measures.

Results

Patient Disposition

A total of 28 women were screened for the study, and 27
met the entry criteria. Two subjects were withdrawn from
the trial, as they did not complete the treatment as
intended. Both subjects were replaced. After inclusion of
25 evaluable subjects, the dose had changed direction 10
times, and six pairs of “up-and-down” data were
obtained. Baseline data for all evaluable subjects and data
on concomitant pain medication are presented in Table 1.

Primary Outcome

Of the 25 subjects analyzed, 11 were classified as res-
ponders, reporting either a minimum 30% decrease in
pain from baseline or having a PGI-I score of 1-3 after
two weeks of treatment. The up-and-down curve is
shown in Figure 1, and the observed and fitted doses
with 95% confidence intervals are shown in Table 2. In
Figure 1, each circle is a patient, and the doses are shown
in order from left to right. The first three patients did not
respond, but the one given a dose of slightly over 5 did;
hence the fifth patient was tried on a lower dose. That
one failed, so the dose was increased to >5. Then
patients 6, 7, 8, and 9 all succeeded, on increasingly
lower doses, until number 10 failed, etc. The response
rate (equal to the patient sequence number divided by the
final sample size) is shown on the horizontal axis. The
95% confidence interval (CI) of Figure 1 and Table 2 is
an estimated pointwise, partition-wise confidence interval
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Table 1. Raw scores for demographics, clinical pain profile, level of the 10 items from the symptom part of the FIQR, symptom bur-
den measured as composite value of the 10 items of the symptom part of the FIQR, degree of sleep disturbance measured by the
ISI, and analgesic use at baseline

Demographic and Clinical Features at Baseline Interquartile Percentiles

(N=25) Mean=SD (Range) (25, 50,75)
Age,y 47.0%9.4 (27-59) (41,49, 55)
BMI, kg/m> 29.4+6.4 (18-42) (24, 28, 32)
Pain duration, y 13.6=11.1 (1-44) (7,10, 20)
Average pain intensity at baseline (NRS: 0-100) 67.2%£17.0 (14-94) (59, 66, 82)
FIQR items, average value during last 7 d (0-10 NRS)

Pain 7.0x1.4 (3-9) (6-8)
Energy 7.4+1.7 (3-10) (6,8,9)
Stiffness 6.7+1.9 (3-9) (5,7,8)
Waking unrefreshed 7.9+2.1 (2-10) (7,8, 10)
Depressed 4.0+2.7 (0-9) (2,4,6)
Concentration/memory 6.7+2.0 (1-9) (6,7,8)
Anxiety 2.4*2.8 (0-10) 0,1,95)
Tenderness to touch 7.6+2.2 (3-10) (6,8,9)
Imbalance 3.9+2.8 (0-8) 2,4,7)
Sensitivity to sensory inputs 6.1+2.8 (0-10) (4,7,8)

Composite value for symptom part of FIQR at baseline (0-100)
ISI score at baseline (0-28)
Concomitant pain medication, No. using medication (%)

59.6+12.0 (32-85)
17.6+5.0 (1-25)

Paracetamol users 16 (64)
NSAID users 8(32)
TCA users 1(4)
Anticonvulsive users 2(8)
Baclofen users 11 (44)
Tizanidine users 4 (16)
SNRI users 6(24)
SSRI users 2(8)

@

=
L
— o\
OOWO
)

SN
2

BMI = body mass index; FIQR = Fibromyalgia Impact Questionnaire Revised; ISI = Insomnia Severity Index; NRS = numeric rating scale; NSAID = nonsteroidal

anti-inflammatory drugs; SNRI = serotonin noradrenaline reuptake inhibitor; SSRI = selective serotonin reuptake inhibitor; TCA = tricyclic antidepressant.

Dose (mg)

0 2 4
Response Rate

Figure 1. The up-and-down curve, showing isotonic regression of dose (mg) vs response rate with 95% confidence limits.
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for the fitted step function, which IRAX fits by making
auxiliary regression on the partition groups; see van
Putten and Royston for details [28]. The PAVA estimates
of 5y and pgs with 95% confidence limits were obtained

as Psg = 3.88 (95% CI=3.39 to 4.35) and pg; = 5.40
(95% CI =4.66 to 6.13).

Of the 11 responders, one subject fulfilled only the
pain reduction criteria, four subjects fulfilled both
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Table 2. Observed and fitted doses (mg) with lower and upper 95% confidence limits

1D Effect Response Rate Dose Observed Dose Fitted Lower 95% CI Upper 95% CI
1 N 0.04 3.000 3.000 1.348 4.652
2 N 0.08 3.750 3.750 2.098 5.402
3 N 0.12 4.500 3.875 3.398 4.352
4 Y 0.16 5.250 3.875 3.398 4.352
N N 0.20 4.500 3.875 3.398 4.352
6 Y 0.24 5.250 3.875 3.398 4.352
7 Y 0.28 4.500 3.875 3.398 4.352
8 Y 0.32 3.750 3.875 3.398 4.352
9 Y 0.36 3.000 3.875 3.398 4.352
10 N 0.40 2.250 3.875 3.398 4.352
11 N 0.44 3.000 3.875 3.398 4.352
12 Y 0.48 3.750 3.875 3.398 4.352
13 N 0.52 3.000 3.875 3.398 4.352
14 N 0.56 3.750 3.875 3.398 4.352
15 N 0.60 4.500 4.500 2.848 6.152
16 Y 0.64 5.250 4.875 3.707 6.043
17 N 0.68 4.500 4.875 3.707 6.043
18 N 0.72 5.250 5.250 3.598 6.902
19 N 0.76 6.000 5.400 4.661 6.139
20 Y 0.80 6.000 5.400 4.661 6.139
21 Y 0.84 5.250 5.400 4.661 6.139
22 N 0.88 4.500 5.400 4.661 6.139
23 N 0.92 5.250 5.400 4.661 6.139
24 Y 0.96 6.000 5.625 4.457 6.793
25 1.00 5.250 5.625 4.457 6.793

CI = confidence interval.

Table 3. Responder classification

Responders  30% Change in Pain After Patient Global Impression of  30% Change in Pain After Patient Global Impression of
(N=11) 2 Weeks (0-100 NRS;Yes/No)  ChangeAfter 2 Weeks (1-7) 3 Weeks (0-100 NRS;Yes/No)  Change After 3 Weeks (1-7)
11D 4 Yes 4 Missing value Missing value

2ID 6 No 3 No 3

3ID 7 No 1 No 1

4ID 8 Yes 2 Yes 2

SID 9 Yes 2 Yes 2

6ID 12 Yes 3 Yes 3

7ID 16 No 3 No 3

8ID 20 Yes 2 No 2

91D 21 No 2 No 3

10ID 24 No 3 No 3

11ID 25 No 2 No 3

This table shows how the responders were classified. Primary outcomes were Patient Global Impression of Improvement Score, ranging from 1 (very much bet-

ter) to 7 (very much worse) and average daily pain during the past three days on a 0-100 NRS. A responder had to have either a 30% decrease in pain on a 0-100

NRS or a Patient Global Impression of Change Score between 1 and 3. All the patients who were classified as responders after two weeks also fulfilled the criteria

after three weeks.
NRS = numeric rating scale.

criteria, and six subjects fulfilled only the PGI-I criteria
(Table 3). After three weeks, 10 of the responders still
fulfilled the criteria; for the last responder, data were lost
due to problems with the electronic questionnaire. Three
of the subjects who were classified as nonresponders after
two weeks fulfilled the criteria for being responders after
three weeks. All three subjects changed their PGI-I score
from 4 (after two weeks) to 3 (after three weeks), and
one of these patients also had a >30% decrease in aver-
age pain after three weeks compared with baseline (data
not shown).

Secondary Outcomes

Data for the 11 responders are shown in Table 4. The two
items from the FIQR with the highest mean change score
after two weeks were self-perceived “tenderness,” with a
mean change of =2.3 (0-10 NRS) and five of 11 reporting
a >30% improvement, and “waking unrefreshed,” with a
mean change of —2.3 and eight of 11 reporting a >30% im-
provement. For the item “pain,” the mean change was
only -1.4 (0-10 NRS), and only four of 11 reported a
>30% improvement after two weeks. After three weeks,
the improvement in pain was even less prominent. Most of
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Table 4. Raw scores for symptom burden at baseline for the 11 responders, measured by mean score of each of the 10 items from
the symptom part of the FIQR, the composite value of the 10 items of the FIQR, and mean changes in these scores after two and

three weeks of treatment with LDN

After 2 Weeks

After 3 Weeks >30% Improvement >30% Improvement

Baseline (N=11), (N=11),Mean (N=10), Mean After 2 Weeks, After 3 Weeks,

Responders (N=11) Mean=SD (Range) Change+SD Change=*SD No./Total No./Total
FIQR items, average value during

last 7 d (0-10 NRS)
Pain 6.7x1.5 (3-9) -1.4+1.3 -0.4+2.0 4/11 2/10
Energy 7.4%+2.1(3-10) -1.5%+2.0 -1.7%2.3 4/11 4/10
Stiffness 6.3+x2.1(3-9) -0.6%2.5 -1.2*2.4 2/11 4/10
Waking unrefreshed 7.8+2.0 (3-10) -2.3+2.1 -2.2+1.8 8/11 5/10
Depressed 3.7+x3.1(0-9) -1.5%+2.0 -1.2*2.1 6/11 4/10
Concentration/memory 6.3+x1.9 (3-9) -1.2*+1.9 -1.2*2.4 4/11 4/10
Anxiety 2.0%+2.5 (0-7) -0.5*1.1 -1.3x2.5 3/11 4/10
Tenderness 7.2+2.1(3-10) -2.3*+1.9 -3.5+1.8 511 8/10
Imbalance 3.8+2.9 (0-8) 0,5*2.5 -0.8%1.8 111 4/10
Sensitivity to sensory inputs 5.5£2.8(0-9) -0.3x2.1 -0.2+2.6 2/11 3/10
Composite value of the 10 items 56.6x13.6 -10.8%£9.3 -13.6x12.1 2/11 5/10

from the symptom part of FIQR

(0-100)
Insomnia Severity Score (0-28) 16.9+2.6 -3.3+4.6 -5.4*4.6 4/11 4/10

FIQR = Fibromyalgia Impact Questionnaire Revised; LDN = low-dose naltrexone; NRS = numeric rating scale.

the other items remained stable or improved further after
three weeks. The item self-perceived “tenderness,” espe-
cially, was further improved after three weeks, with a
mean change of —3.5 (0-10 NRS) from baseline and eight
of 11 reporting a >30% improvement.

All responders had a minimum improvement of 30%
on at least one of the 10 FM symptoms, but most of the
patients showed a minimum improvement of 30% on
several symptoms. This is illustrated by the mean change
in the composite value of the 10 items from the sFIQR,
which showed a mean value of 56.6 = 13.6 (0-100 NRS)
at baseline, with a mean change of -10.8 = 9.3 after two
weeks and a mean change of -13.6 £ 12.1 after three
weeks. After two weeks of treatment, the average number
of domains with >30% improvement was 3.5, and after
three weeks, the average number of domains improved
was 4.2. Nonresponders (N = 14) had a mean change of
3.3%£9.9 in sFIQR score after two weeks and a mean
change of 1.1 +10.2 on the sFIQR after three weeks
(data not shown).

Adverse Events

No serious adverse events occurred during the trial, but
side effects were common. Two subjects were withdrawn
from the study because of noncompliance. Both the sub-
jects had many side effects. One reported severe nausea,
abdominal pain, and headache and scored 6 on the PGI-1
scale after two weeks and did not want to continue the
treatment for the last week; the other only ingested five
capsules and reported fatigue, depression, headache, and
abdominal pain to be the reason for withdrawal from the
study. Both patients received doses on the low end of the
dose range (3mg and 3.75mg). Adverse events were
common but were generally graded mild and tolerable.

Gastrointestinal symptoms were the most commonly
reported side effects. The side effects reported after two
weeks of treatment are listed in Table 5.

Discussion

In this study, we explored dose-response relationships
when treating FM with LDN using the “up-and-down”
method. We estimated the ED50 to be 3.88 mg and the
ED9S5 to be 5.40 mg. Since its introduction in the 1980s
[29], LDN has been used widely as off-label treatment
for fibromyalgia and other chronic pain conditions [10].
Several case reports have been published reporting a
pain-relieving effect of LDN [30-32]. The evidence is
sparse, however, with few clinical trials. The doses used
in the published case reports varied from 1mg to Smg
[10], but in all previous clinical trials testing the effect of
LDN on FM, a dose of 4.5 mg has been used [12]. To our
knowledge, no dose-response studies have ever been pub-
lished. For future studies of the effect of LDN on FM, it
is important to estimate a dose that is sufficiently effec-
tive for many patients and still not too high to give rise to
intolerable side effects, which would lead to high dropout
rates and poor quality of the studies. Based on our find-
ings in this study, a dose of 4.5 mg seems to be a reason-
able test dose in FM patients, as it lies in the range
between our estimates of ED50 and ED95.

Given the sequential method, a relatively short treat-
ment period was needed. Time-effect curves from previ-
ous studies [11,12] show that FM symptoms seem to
improve during the first two weeks of treatment, with
some further improvement during the following six to
10 weeks. Previous studies have shown that 57-60% of
patients get >30% relief of pain when treated with LDN
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Table 5. Reported side effects after two weeks of treatment

Dose Received, Dose Received,
Reported Side Effects 2.25 mg 3mg
(27 Subjects) (1 Subject) (5 Subjects)

Dose Received,
3.75 mg 4.5 mg
(5 Subjects)

Dose Received, Dose Received,
5.25 mg 6 mg
(6 Subjects) (7 Subjects) (3 Subjects)

Dose Received,

Abdominal ache 1 1
Diarrhea 1
Constipation

Nausea 1
Headache

Vivid dreams

Mood disturbance

Increased pain

Increased fatigue

Dizziness 1

Palpitations 1
Increased appetite

Sleeping difficulty

1 2 2
1 1
2

_ == N
[y

1

The subjects received different doses; the number of subjects reporting a given side effect is listed for each dose. Some subjects reported more than one side ef-

fect. Side effects were common, and only six of 27 subjects did not report any side effects.

for eight to 12 weeks [11,12]. We found that only a
smaller percentage of the responders in this study
reported a reduction >30% in pain after two weeks, and
the average reduction of pain after three weeks was mini-
mal. Instead we found that the FIQR item self-perceived
“tenderness” was the symptom most reduced on average
after both two and three weeks of treatment. The design
of this study does not allow us to make any conclusions
about secondary outcome measures, but it does give rise
to some hypothetical considerations. The decrease in self-
perceived tenderness could reflect an improvement of the
hyperalgesic state seen in FM patients, and we hypothe-
size that this, together with improvement of energy and
sleep, might lead to increased activity, which could blunt
the expected improvement of pain. Previous studies ex-
ploring the effect of LDN on FM have been longer, and
patients might find a new balance in daily activities over
a longer period of time, which might explain that studies
with longer duration find pain to be significantly reduced
by LDN. The dose of LDN may also play a role, as previ-
ous studies have used 4.5 mg, and some of the responders
in this study received doses below that.

It is well known that there is high interindividual vari-
ability in which symptoms FM patients report to be most
severe [33]. From clinical experience, there is also interindi-
vidual variability in which symptoms are relieved by LDN.
Many patients report improvement of sleep and/or fatigue
instead of pain relief as the major benefit from the treat-
ment. In this study, we also found a great variability in
both symptoms at baseline and, as an expected consequence
of this, interindividual variability in which symptoms were
relieved by LDN. In line with the IMMPACT guidelines
[34], we therefore recommend that future studies on the ef-
fect of LDN on FM include phenotyping of the subjects to
account for possible variations in pathophysiology and to
include outcome measures of key FM symptoms other than
pain, as well as measures of changes in function.

Limitations

Our results might be biased by several factors. Given the
sequential method, we had to evaluate the effect of the
treatment after a relatively short period of time, and two
weeks was chosen based on time-response curves from
previous trials. This period of time might not have been
sufficient to give a positive effect in all patients, as the ef-
fect of LDN is thought to be mediated through opioid re-
ceptor upregulation and attenuation of inflammatory
pathways, which might require more time. We found
that three patients reported positive effect after three
weeks but not after two weeks. During the trial, we did
not find these three cases sufficient to change the evalua-
tion of response at three weeks, but if the evaluation had
been made after three weeks, it might have given rise to a
lower estimated ED50 and ED95. The test doses in the
study were chosen based on our clinical experience that
many FM patients benefit from lower doses than 4.5 mg,
and as we did not have any experience using doses higher
than 4.5 mg, we were reluctant to choose doses higher
than 6 mg. During the study, it became clear that the sub-
jects tolerated doses up to 6 mg well. If we had chosen to
include test doses above 6 mg, we might have found a
higher estimated ED50 and ED9S. Another limitation to
the trial is that some patients might have experienced a
placebo effect after only two weeks of treatment. It
should be noted, though, that all responders reported a
positive effect after both two and three weeks of treat-
ment, and all responders had a minimum 30% decrease
of several common FM symptoms, with the average num-
ber of domains improved after two and three weeks being
3.5 and 4.2, respectively. The subjects in this study were
drawn from a university hospital, and the subjects had
typically failed to benefit from traditional therapies.
These subjects belong to the severe end of the spectrum
of FM and might benefit less from treatment with LDN
than FM patients with a milder level of the disease. The
study was only single-blinded. Double-blinding would
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have been preferable but was not feasible due to limited
funding. To minimize bias, subjects completed their ques-
tionnaires electronically before the visit, thereby mini-
mizing investigator influence on response. This study was
designed as a dose-response study, and evaluation of ef-
fect parameters must be made with caution.

Conclusions

In this dose-response study investigating the effect of
LDN on FM using the “up-and-down” method, we have
estimated the ED50 to be 3.88 mg and the ED9S5 to be
5.40 mg. Larger randomized controlled trials comparing
LDN with placebo are needed in the future, allowing for
large-sample traditional statistics like chi-square-based
tests for effects. Given that the “up-and-down” sample
method does not support sample size or power calcula-
tions for such a trial, a pilot trial might conveniently pre-
cede. Choosing a relevant test dose is crucial, as a test
dose that is too low might lead to low response rates and
a test dose that is too high might lead to high dropout
rates because of side effects. Based on our current find-
ings, we conclude that 4.5 mg, which has been used in
previous trials, seems to be a good choice, as it lies be-
tween our estimates for ED50 and ED95.

We suggest that future clinical trials exploring the ef-
fect of LDN on FM incorporate
“tenderness,” valid and reliable measures of hyperalge-
sia, and measures of physical functioning to explore the
hypothesis that LDN primarily influences hyperalgesia,
fatigue, and sleep and secondarily influences pain.

measures of
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Abstract

Background: Low-dose naltrexone (LDN) is used widely as an off-label treatment for pain despite limited evidence

for its effectiveness. A few small trials with a high risk of bias have investigated the effect of LDN on pain associated
with fibromyalgia in women, but larger and more methodologically robust studies are needed. The primary aim of

this randomized controlled trial is to investigate if 12 weeks of LDN treatment is superior to placebo in reducing the
average pain intensity during the last 7 days in women with fibromyalgia.

Methods: A single-center, permuted block randomized, double-blind, placebo-controlled, parallel-group trial will be
performed in Denmark. Randomization comprises 100 women aged 18-64 years diagnosed with fibromyalgia who
will be treated with either LDN or placebo for 12 weeks including a 4-week titration phase. The primary outcome is
change in average pain intensity (during the last 7 days) from baseline to 12 weeks. Secondary outcomes are other
fioromyalgia-related symptoms, i.e, tenderness, fatigue, sleep disturbance, stiffness, memory problems, depression,
anxiety and measures of global assessment, physical function, impact of fibromyalgia, pain distribution, and health-
related quality of life. Intention-to-treat analysis will be performed, and the number of responders with a more than
15%, 30%, and 50% improvement of pain after 12 weeks will be calculated for the LDN and placebo groups.
Exploratory outcomes include measures of pain sensitivity, muscle performance, and biomarkers.

Discussion: This study will contribute with high-level evidence on the efficacy of low-dose naltrexone for the
treatment of pain in women with fibromyalgia. Secondary outcomes include both disease-specific and generic
components investigating whether LDN influences other symptoms than pain. Explorative outcomes are included
to provide greater insight into the mechanism of action of LDN and possibly a better understanding of the
underlying pathology in fibromyalgia.
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Introduction

Background and rationale {6a}

Low-dose naltrexone (LDN) has been used as an off-
label treatment for pain and inflammation in multiple
sclerosis, Crohn’s disease, and fibromyalgia (FM) for sev-
eral years [1]. Naltrexone (NLX) is marketed as an add-
itional therapy for the prevention of relapse in patients
with previous abuse of opioids or alcohol [2]. While it is
primarily known as an opioid receptor antagonist [3],
NLX also attenuates dopaminergic transmission in
mesolimbic pathways, thereby reducing cravings after
substance abuse [4]. NLX has a similar biochemical
structure to Naloxone but a higher oral bioavailability
and a longer half-life [5], and it is well known that NLX
can have a paradoxical analgesic effect when used in low
doses of 1-6 mg [6].

The proposed mechanisms of action of LDN on pain
are 1) opioid antagonism, which leads to a feedback-
mediated increased expression of opioid receptors in the
central nervous system (CNS) [7, 8] with a possible im-
provement of the endorphin system and 2) an anti-
inflammatory effect, mediated through inhibition of
Toll-like receptor 4 (TLR4) on astrocytes and microglia
cells, thereby possibly inhibiting the pro-inflammatory
cytokine cascade thought to be involved in the develop-
ment and maintenance of chronic pain [9, 10].

The evidence for an analgesic effect of LDN is sparse,
however. Several case reports exist [11-13], but only
three small clinical trials have been published. The first
trial was a single-blind pilot study with participation of
10 women with FM [14]. The subjects received placebo
for 2 weeks, followed by an 8-week treatment with LDN
4.5 mg. Quantitative sensory testing showed improved
pressure pain and heat pain thresholds during treatment
with LDN compared to placebo. The same research
team conducted a double-blind, placebo-controlled, ran-
domized (cross-over) trial (RCT) [15], where 31 women
with FM were randomized to receive either 4-week
treatment with placebo followed by 12-week treatment
with LDN 4.5 mg or 12-week treatment with LDN 4.5
mg followed by 4-week treatment with placebo. Both
studies found LDN to be significantly better than pla-
cebo in reducing pain. The third and most recent study
was a single-blind non-controlled pilot study with par-
ticipation of 8 women with FM [16]. The participants
were told they could receive placebo at any time during
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the 8-week intervention, but all patients received active
treatment (LDN 4.5 mg) throughout the trial. Significant
reductions from baseline were seen in 17 out of 63 pro-
inflammatory cytokines, supporting the hypothesis of an
anti-inflammatory effect of LDN. The two pilot studies
represent important pioneer work, but do not provide
high-level evidence because of lack of power and single-
blind or non-controlled study designs with a high risk of
bias. In the cross-over trial, the method is more robust
with both randomization and double-blinding. However,
the study also has some weaknesses. Although showing
promising results, it is unclear if the study was sufficiently
powered and the decision to exclude a washout period be-
tween the interventions increases the risk of bias.

LDN has been shown to be a safe treatment [17] and a
low-cost alternative to traditional therapies, but larger
RCTs are needed to confirm its potential efficacy in re-
ducing pain in patients diagnosed with fibromyalgia. Pre-
vious trials investigating the effect of LDN on pain have
used one daily dose of 4.5 mg. However, higher doses
might be more beneficial for some patients. Our study
group previously conducted a dose-response study test-
ing doses in the range of 0.75-6 mg [18]. We found the
effective dose in 50% (ED50) to be 3.88 and the effective
dose in 95% (ED95) to be 5.40 mg. We concluded that
4.5 mg would be a relevant test dose as it lies in the
range between ED50 and ED95. However, doses closer
to ED95 would be expected to be even more efficacious.
As we found no problems with tolerability using doses
in the range from 4.5 to 6 mg, we decided to test 6 mg
against placebo in this RCT.

Objectives {7}

The primary objective is to investigate if 12 weeks’
treatment with 6 mg LDN is superior to placebo in
reducing the average pain intensity (during the last 7
days) in women with fibromyalgia. Secondary objectives
include evaluating the clinical effect on 21 secondary
outcomes covering core symptoms, daily functioning,
impact of FM, quality of life, global impression of
change, and responder indices. Finally, we will explore
effects on pressure pain thresholds, temporal summation
of pain, conditioned pain modulation, physical fitness,
muscle exhaustion, and blood levels of pro-inflammatory
cytokines.

Trial design {8}

The study is designed as a single-center, permuted block
randomized, double-blind, placebo-controlled, parallel-
group trial. Randomization comprises a parallel random-
ized (1:1) allocation of 100 women aged 18-64 years di-
agnosed with fibromyalgia, treated with either LDN or
placebo for 12 weeks including a 4-week titration phase
(from baseline to week 4).
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Methods: participants, interventions, and
outcomes

Study setting {9}

The study is a single-center study that is conducted at a
public university hospital in Southern Denmark (SMER-
TECENTER SYD, Heden 7-9, 5000 Odense C). The set-
ting is a tertiary pain rehabilitation center.

Eligibility criteria {10}
Inclusion criteria:

— Women aged 18—64 years

— Can understand and write Danish

— Fulfill the American College of Rheumatology 1990
criteria for FM [19]

— A minimum score of 4 for self-reported average pain
during the last 7 days on a 0—10 numeric rating
scale (NRS) at baseline

— Women of child-bearing age must use safe contra-
ception (spiral, birth control pills, contraceptive
patch, contraceptive vaginal ring, or gestagen injec-
tions) for 3 weeks before and 1 week after the trial.
If a participant’s usual lifestyle includes sexual ab-
stinence, contraception is not required, but the par-
ticipant must give oral informed consent that they
will remain sexually abstinent during the trial

Exclusion criteria:

— Known allergy to naltrexone hydrochloride

— Pregnancy or breastfeeding; a negative pregnancy
test must be available at baseline for all women of
fertile age

— Use of opioids or NSAIDs up to 4 weeks before
inclusion in the trial

— Known abuse of alcohol or other substances

— Known inflammatory rheumatic disease

— Known demyelinating disease

— Known active cancer

— Liver dysfunction (alanine aminotransferase (ALAT)
must not be elevated more than 2-fold over the
highest reference level)

— Kidney dysfunction (glomerular filtration rate (GFR)
must not be below 59 mL/min)

— DPsychotic disease

— History of a suicide attempt

— Suicide ideation—evaluated using Patient Health
Questionnaire—9 items (PHQ-9) [20]; item 9 must
be answered “never”

Who will take informed consent? {26a}

Potential participants recruited from the pain center will
receive written information about the trial from their
nurse or physician. For potential participants recruited
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via advertising, written information is sent by e-mail. All
potential participants receive a telephone call from the
primary investigator (PI) (author KDB), who gives oral
information about the trial. It is emphasized that partici-
pation is voluntary and that consent can be withdrawn
at any time. A minimum of 24 h is given for reflection.
The PI obtains the informed consent before inclusion.

Additional consent provisions for collection and use of
participant data and biological specimens {26b}

Informed consent to use blood from the biobank to
perform analyses for other research purposes is obtained
from all participants.

Interventions

Explanation for the choice of comparators {6b}

No comparators are used other than the identically
appearing placebo control.

Intervention description {11a}

After inclusion, the participants will be randomized
using a computerized algorithm to receive either placebo
or LDN for 12weeks. The participants’ dose will be
titrated up to 6 mg following a dose-escalation scheme:
an initial dosage of 1.5 mg daily, escalated every seventh
day by 1.5 mg up to 6 mg at week 4. Dose escalation will
be based on safety and tolerability, and if dose escalation
is not feasible, delayed increments are allowed. For the
surveillance of harms, both active and passive methods
will be used. The participants will be encouraged to re-
port adverse events spontaneously and will be asked
about the occurrence of specific common side effects by
administering a questionnaire. For the graduation of the
severity of harms, the Common Terminology Criteria
for Adverse Events (CTCAE) version 5.0 will be used. If
the participant reports harms categorized as grade 2 or
higher, they will be advised by the primary investigator
to lower the dose. If harms are categorized as grade 1,
the decision about dosing will be made individually in
agreement between the primary investigator and the par-
ticipant. After the end of week 4, the dose will be fixed
for the rest of the trial, as the highest dose tolerated at
this time point. The trial medicine is taken once daily in
the evening, between 7 pm and 11 pm.

Criteria for discontinuing or modifying allocated
interventions {11b}

The participants will be maintained at 6 mg (or the
highest tolerated dose level established after the end of
week 4) for the last 8 weeks of the treatment period. It is
not allowed to increase the dose during the last 8 weeks.
If problems with tolerability should arise during the last
8 weeks of treatment, it is allowed to lower the dose or
discontinue treatment. Participants who alter the dose
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during the last 8 weeks of the trial will be considered not
adherent to the protocol, but will be included in the
intention-to-treat analysis.

Strategies to improve adherence to interventions {11c}
Participants will receive a daily short text message
(SMS) reminding them to take their trial medication. At
all visits, empty medicine cans are returned, and non-
ingested tablets are counted.

Relevant concomitant care permitted or prohibited
during the trial {11d}

The use of opioids, NSAIDs, and other drugs with an
anti-inflammatory effect is prohibited during the trial
Participants can continue their usual care during the
trial, but their pain medication has to be stable. The par-
ticipants are not allowed to receive any new pain medi-
cation during the trial. Changes in concomitant
medication are monitored at every visit via the patient’s
shared electronic medication record.

Provisions for post-trial care {30}

In the case of adverse events or adverse reactions, the PI
will follow up on the participants until the symptoms
have ceased or are stable. The participants are covered
by the governmental patient insurance, which covers all
patients in the Danish health care system.

Outcomes {12}

As previous studies have shown significant reductions in
pain intensity in women with FM treated with LDN 4.5
mg for 8-12weeks, we have chosen the primary
outcome to be change in average pain intensity (during
the last 7days) from baseline to 12weeks of
intervention. The 21 secondary outcome measures were
chosen among measures that could potentially support a
clinical effectiveness claim as recommended by the
Outcome Measures in Rheumatology Clinical Trials
(OMERACT) guidelines [21]. All patient-reported out-
comes will be collected at baseline and after 4, 8, and 12
weeks.

Primary outcome measure

Change from baseline to 12weeks of treatment in
average pain intensity during the last 7 days on an 11-
point rating scale (ranging from 0 = “no pain” to 10 =
“unbearable pain”) using the first item from the symp-
tom part of the Fibromyalgia Impact Questionnaire
Revised (FIQR) [22].

Secondary outcome measures

The secondary outcomes include 21 supportive
measures that will be collected, analyzed, and reported
in the primary manuscript.
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For the following secondary outcomes, the between-
group change at baseline compared to 4, 8, and 12 weeks
of treatment will be assessed:

1. Global assessment: assessed by Patient Global
Impression of Change on a 1-7 Verbal Rating Scale

2. Impact of fibromyalgia: assessed by the FIQR total
score [22]

3. Pain distribution: assessed by the Widespread Pain
Index (WPI) from the 2016 diagnostic criteria for
fibromyalgia [23]

4. Level of pain (assessment of pain intensity
trajectory): assessed by the FIQR “level of pain”
question

5. Level of tenderness: assessed subjectively by the
FIQR “level of tenderness to touch” question and
objectively by measurement of pressure pain
threshold, using a handheld algometer. Algometry
is performed only at baseline and after 12 weeks of
treatment

6. Level of fatigue: assessed by the FIQR “level of
energy” question

7. Level of sleep disturbance: assessed by the FIQR
“quality of sleep” question

8. Level of depression: assessed by the FIQR “level of
depression” question

9. Level of anxiety: assessed by the FIQR “level of
anxiety” question

10. Level of cognition: assessed by the FIQR “level of
memory problems” question

11. Level of stiffness: assessed by the FIQR “level of
stiffness” question

12. Level of physical function: assessed by the physical
function domain of FIQR

13. Health-related quality of life - mobility: assessed by
the EQ-5D-5L mobility domain

14. Health-related quality of life - self-care: assessed by
the EQ-5D-5L self-care domain

15. Health-related quality of life - usual activities:
assessed by the EQ-5D-5L usual activities domain

16. Health-related quality of life - pain/discomfort:
assessed by the EQ-5D-5L pain/discomfort domain

17. Health-related quality of life - anxiety/depression:
assessed by the EQ-5D-5L anxiety/depression
domain

18. Health-related quality of life - global: assessed by
the EQ-5D Visual Analogue Scale (EQ-VAS)

Responder indices are calculated:

19. Number of responders with a more than 15%
improvement of the primary outcome

20. Number of responders with a more than 30%
improvement of the primary outcome
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21. Number of responders with a more than 50%
improvement of the primary outcome

Exploratory secondary outcomes (not to be reported in the
primary manuscript)

The following exploratory outcomes will be investigated
and reported in secondary publications. For the patient-
reported outcome (variation in pain), the between-group
change between baseline and after 8 and 12 weeks of
treatment is measured. For all the protocol-specific pro-
cedures, the between-group change between baseline
and after 12 weeks of treatment is measured.

— Variation in pain: assessed using a diary of daily
average pain rated on an 11-point rating scale during
7 days before visits. The highest score minus the
lowest score characterizes the variation in pain

— Muscle exhaustion: measured by an isometric
muscle exhaustion test of the deltoid muscle

— Physical fitness: measured by the 30-s chair stand
test

— DPain sensitivity: measured by computerized pressure
cuff algometry (CPA)

— Inhibition of pain: measured by CPA using
conditioned pain modulation (CPM)

— Augmentation of pain: measured by CPA using
temporal summation of pain (TSP)

Blood for a biobank will be collected before baseline
and immediately after 12 weeks of treatment for later
analysis of pro- and anti-inflammatory cytokines. A sep-
arate protocol will be made to determine which cyto-
kines will be investigated before the analyses are carried
out.

Participant timeline {13}

The participant flow is shown in Fig. 1. A time schedule
for enrolment, interventions, and assessments is
presented in Table 1.

Sample size {14}

Using values from our previous dose-response study
[18], we determined that self-reported pain on a 0-10
NRS at baseline had a mean of 6.7 in the target popula-
tion, with a standard deviation (SD) of 1.5 NRS points.
According to the Initiative on Methods, Measurement,
and Pain Assessment in Clinical Trials (IMMPACT)
guidelines [24], a minimal clinical important difference
(MCID) is defined as a 15% decrease in pain [24], corre-
sponding to a reduction of 1.0 NRS points in the present
population. Using an MCID of 1.0 NRS, an SD of 1.5, a
statistical power of at least 80%, and a statistical signifi-
cance level of 0.05, a total of 74 patients are required,
i.e., 37 patients in each group. Expecting some attrition
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Recruitment/screening

Not eligible

Eligible

Randomized (n=100)

Allocated to 12 weeks LDN treatment (n=50)

2 weeks follow up (titration)
Assessment of safety and tolerability

4 weeks follow up (treatment)
Assessment of outcomes and safety

8 weeks follow up (treatment)

Assessment of outcomes and safety

!

12 weeks follow up (end of treatment)

Assessment of outcomes and safety

A 4

Allocated to 12 weeks placebo treatment (n=50)

2 weeks follow up (titration)
Assessment of safety and tolerability

4 weeks follow up (treatment)
Assessment of outcomes and safety

8 weeks follow up (treatment)
Assessment of outcomes and safety

)

12 weeks follow up (end of treatment)
Assessment of outcomes and safety

16 weeks
End of follow up

Fig. 1 Overview of the participant flow

and drop-out during the 12-week trial period, we de-
cided to include 100 patients (with approximately 50 pa-
tients in each group), corresponding to a statistical
power of more than 90% to detect a difference between
groups in the ITT population.

If the intended sample size is not reached at 30
months after recruitment has started, the inclusion of
patients will stop at 74 patients, which will ensure a
power of 80%.

Recruitment {15}

Participants are recruited from a pain center at a public
university hospital and through advertisement in
relevant written and social/Web-based media. For
ethical reasons, patients in active treatment at the pain
center will not be recruited, but only patients who have

completed treatment and signed up for participation in
future medical trials or waiting list patients. To secure a
broad representation of FM severity to the study
population, recruitment through advertisement will be
equally favored.

Assignment of interventions: allocation

Sequence generation {16a}

A computerized algorithm will be generated for
randomization by preparing a list of 100 sequential
numbers to active intervention or placebo
intervention; randomization will be based on
permuted blocks of 2—6 individuals. No stratifications
are applied to the randomization, and both
investigators and outcome assessors are blinded
regarding the permuted blocking strategy.
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Table 1 Schedule of enrolment, interventions, and assessments
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Study period

Enrolment

Week -4-0 0

Allocation

Post-allocation
22 (telephone) 4 g° 12° 16°

Follow-up

Enrolment
Informed consent
Medication history

Demographic data

< X X X

Eligibility screen
Allocation X
Interventions
Low-dose naltrexone
Placebo
Assessments
Vital tests: blood pressure, weight, height X

Safety tests: ALAT, creatinine, GFR, X
thrombocyte count, bilirubin. ECG

hCRP

Blood for biobank X
PROMs

PHQ-9 X

GAD-7 X

FIQR X

PGI-C

EQ-5D

EQ-VAS X
Pain sensitivity

Handheld algometry

Computerized cuff algometry
Muscle tests

Isometric muscle exhaustion of deltoid X

30-s stand chair test
Compliance assessment

Adverse events X

< X X X
< X X X
< X X X
< X X X

< X

<X X X

X X X X X

ALAT alanine aminotransferase, GFR glomerular filtration rate, ECG electrocardiogram, PHQ-9 Patient Health Questionnaire - 9 items, GAD-7 Generalized Anxiety
Disorder - 7 items, hCRP high-sensitive C-reactive protein, FIQR Fibromyalgia Impact Questionnaire Revised, PGI-C Patient Global Impression of Change, EQ-5D

EuroQol 5 dimensions, EQ-VAS EuroQol Visual Analogue Scale
2+2 days
b+7 days

Concealment mechanism {16b}

A data manager, with no clinical involvement in the
trial, prepares the randomization sequence. The
allocation is concealed in a password-protected com-
puter file that is only accessible by the data manager.
The randomization list is sent to the hospital pharmacy,
who labels the medicine with blinding codes according
to this list. The medicine is then shipped to the place of
the trial. Unblinding will not take place before primary

analysis of the data has taken place. In case unblinding
of a single participant is necessary during the trial, indi-
vidual allocations will also be held in sealed, opaque,
consecutively numbered envelopes.

Implementation {16c}

The PI enrolls all participants. After signing the informed
consent form, each participant is allocated a sequential
number that randomizes them to one of the two groups.
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Assignment of interventions: blinding

Who will be blinded {17a}

The study is triple-blind as participating patients, inves-
tigators, and outcome assessors (and statistical analysts)
are blinded to the allocation. The active medicine and
placebo tablets will look identical and will be blinded in
similar cans and labeled with blinding codes.

Procedure for unblinding if needed {17b}

In the case of a suspected unexpected serious adverse
reaction (SUSAR), the participant will be unblinded by
the sponsor before reporting to the Danish Medicines
Agency, but the PI will remain blinded. The PI will only
be unblinded in the case of a medical emergency and
only if the PI finds it necessary to ensure the safety of
the subject. The PI can unblind a single subject by
breaking the code-envelope for the subject’s code
number.

Data collection and management

Plans for assessment and collection of outcomes {18a}
After allocation has taken place, the participants will
complete questionnaires at the beginning of every visit
via an electronic survey and before talking to the
investigators. The Fibromyalgia Impact Questionnaire
Revised [22] is a disease-specific instrument, while the
EQ-5D-5L (which includes the EQ-VAS) [25] is a gen-
eric instrument. All are validated for use in clinical
trials.

The level of tenderness is assessed at baseline
and after 12weeks of treatment using a handheld
pressure algometer (Somedic Algometer, Horby,
Sweden). Assessment sites are the right quadriceps
muscle 15cm from the apex patella and the left
trapezius muscle 10cm from acromion (between
acromion and C6/7). Each site is assessed three times.
To avoid bias due to interrater variability, the same
investigator will carry out all the procedures.

The exploratory outcome measures are assessed by an
independent assessor at baseline and after 12 weeks of
treatment. Standard operating procedures will be
available, and the assessor will be trained in the
procedures before and during the trial. The procedures
are:

— Computer-controlled cuff algometry on lower legs in
all participants to assess pressure pain threshold,
pressure pain tolerance, temporal summation of
pain, and conditioned pain modulation. Standardized
assessment of experimental pressure pain sensitivity
has shown good reliability and provides insights into
the pathophysiological mechanisms involved in the
pain condition.
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— Muscular exhaustion: the participant completes an
isometric muscle exhaustion task by maintaining 90°
shoulder abduction (dominant arm) for as long as
possible with the elbow extended and the hand
pronated (hand facing downwards). Task failure (test
position can no longer be maintained) defines the
test duration. Surface electromyography (EMG) will
be recorded from the anterior, middle, and posterior
deltoid muscle at 3000 Hz during the entire test.
The test has been shown to be feasible in women
with fibromyalgia [26].

— Physical fitness is measured by the 30-s chair stand
test, which has been shown to be reliable and
feasible in women with fibromyalgia [27].

Plans to promote participant retention and complete
follow-up {18b}

The participants will receive a daily short text message
(SMS) reminding them to take their trial medication.
Participants who discontinue the treatment during the
trial will be encouraged to complete all visits as
scheduled.

Data management {19}

The participants enter questionnaire data directly via a
survey into the electronic Case Report File (eCRF) using
REDCap electronic data capture tools. The EMG files
are saved in a secured and logged Sharepoint. Results
from the protocol-specific procedures will be collected
in paper format and then entered into the eCRF. The as-
sessors enter all other data directly into the eCRF during
the visits. Data quality in the eCRF will be promoted
using range checks for data values. Data will later be
transferred to a statistical program for analyses. The data
will be anonymized 5 years after the termination of the
study.

Confidentiality {27}

All data about potential and enrolled participants will be
collected in a secure and logged database, in a secure
and logged Sharepoint, or behind a double lock for data
in paper format. Only anonymized data will be shared.

Plans for collection, laboratory evaluation, and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}

Blood for a research biobank will be collected before
baseline and after 12 weeks of treatment. The purpose of
the biobank is to be able to measure a possible change
in pro- and anti-inflammatory cytokines in participants
receiving active treatment compared to placebo. For this
purpose, 2 x 0.5 ml serum and 2 x 0.5 ml plasma are col-
lected before baseline and after 12 weeks of treatment.
Any excess blood will be stored for 10 years. After 10
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years, the blood will be destroyed. Informed consent to
perform analyses for other research purposes is collected
from all participants.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

The main analyses will be based on the intention-to-
treat (ITT) population. This ITT principle asserts the ef-
fect of a treatment policy (that is, the planned treatment
regimen) rather than the actual treatment given (ie., it is
independent of treatment adherence). Accordingly, par-
ticipants allocated to a treatment group at baseline
(Xipn Or Xplacebo) Will be followed up, assessed, and
analyzed as members of that group, irrespective of their
adherence to the planned course of treatment (i.e., inde-
pendent of withdrawals and cross-over phenomena). By
using mixed effects models (explained below), missing
data after baseline will be handled indirectly; mixed ef-
fects models are valid assuming data are “Missing at
Random” (MAR) [28].

All P values and 95% confidence intervals (95% CI)
will be two-sided. We will not apply explicit adjustments
for multiplicity; rather, we will analyze and interpret the
21 secondary outcomes in a prioritized order (e.g., “gate-
keeping procedure” and/or the Hochberg sequential pro-
cedure). The analyses of the key secondary outcomes
will be performed in sequence until one of the analyses
fails to show the statistically significant difference, or
until all analyses have been completed at a statistical sig-
nificance level of 0.05 (i.e., 95% CI does not overlap “the
null”).

Unlike the Bonferroni correction/interpretation
(directly adjusting the statistical significance threshold
by the number of tests planned [say, k] — P* = 0.05/k),
we will apply the Hochberg sequential procedure, where
all the tests are performed and the resultant P values are
ordered from largest to smallest on a list [29]. With our
statistical significance level fixed at 5% and the largest
observed if the P value is less than .05, then all the tests
will be considered significant. Otherwise, if the next
largest P value is less than 0.05/2 (.025), then all the
tests except the one with the largest P value are
considered significant. This process will be continued
until all the comparisons made have been interpreted.
This approach uses progressively more stringent
statistical thresholds with the most stringent one being
the Bonferroni threshold. This approach will achieve a
greater power to detect true effect than the Bonferroni
procedure [30].

Our primary (main) analyses will be based on the
estimation of between-group differences in the continu-
ous outcomes after 12 weeks for primary and secondary
outcomes. Repeated measurements (7" = 0, 4, 8, and 12

Page 9 of 13

weeks from baseline) are used based on a linear mixed
model where the treatment group is used as a fixed ef-
fect and participant ID as a random-effect parameter.
All between-group differences will be adjusted for base-
line level in order to reduce the random variation. The
primary statistical model will consist of fixed effects and
random effects. Fixed effects define the expected values
of the observations, and random effects define the vari-
ance and covariances of the observations. In this study,
participants will be randomly assigned to two treatment
groups (Xrpn VS Xplacebo), and observations are made at
four time points for the primary outcome measure
(baseline and 4, 8, and 12 weeks from baseline). Basically,
there are two fixed-effect factors: group and time. Ran-
dom effects result from variation between and within
participants. We anticipate that measures on the same
patient at different times are correlated, with measures
taken closely together in time being more highly corre-
lated than measures taken more apart in time. Observa-
tions on different participants will be assumed to be
independent.

Secondarily, an analysis of the number of responders
(dichotomous outcomes) in the two groups will be
carried out using logistic regression analyses. A
responder is defined as a participant who reports a more
than 15%, 30%, or 50% decrease in pain after 12 weeks of
treatment with LDN. For these dichotomous outcomes,
logistic regression will be used to calculate the odds
ratio (OR) with 95% CI comparing the two groups. For
subsequent ease of interpretation, the OR values will be
converted into (relative) risk ratios and (absolute) risk
differences. The pre-specified efficacy analyses will be
based on the data for the full analysis set, the ITT popu-
lation, which includes all participants assessed and ran-
domized at baseline.

Interim analyses {21b}
Not applicable as no interim analysis is made.

Methods for additional analyses (e.g., subgroup analyses)
{20b}
Not applicable as no subgroup analyses are made.

Methods in analysis to handle protocol non-adherence
and any statistical methods to handle missing data {20c}
Repeated measurements using mixed models will be
based on the ITT population, including all randomized
participants with available data at baseline. Missing data
will be handled indirectly and statistically modeled using
repeated-measures linear mixed models (see below).
These models will be valid if data are missing at random
(MAR): “Any systematic difference between the missing
values and the observed values can be explained by dif-
ferences in observed data” [28]. Contrasts between
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groups will be estimated based on repeated-measures
analysis of covariance applied in mixed linear models (at
12 weeks from baseline). Thus, in the case of missing
data during the 12-week trial, repeated-measures linear
mixed models will adjust for that indirectly.

To confirm the robustness of the findings for the
primary and key secondary outcomes, sensitivity
analyses will be performed on the main analyses
including the:

(i) “Complete Case” population, i.e., outcome data
recorded both at baseline and after 12 weeks; a
dataset potentially valid if data are missing
completely at random (MCAR)

(i) Non-responder imputation: use of single imputation
where the baseline observation is carried forward;
potentially valuable if data are not missing at
random (NMAR)

(iii) “Per Protocol” population: defined as participants
with at least 80% adherence to treatment

Robustness is a concept that refers to the sensitivity of
the overall conclusions to various limitations of the data,
assumptions, and analytic approaches to data analysis.
Robustness implies that the treatment effect and
primary conclusions of the FINAL trial are not
substantially affected when analyses are carried out
based on alternative assumptions or analytic approaches.

Plans to give access to the full protocol, participant-level
data, and statistical code {31c}

The full protocol and the statistical analysis plan (SAP)
will be accessible at www.clinicaltrials.gov, identifier:
NCT04270877.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

Not applicable as it is a single-center study.

Composition of the data monitoring committee, its role,
and reporting structure {21a}

The Good Clinical Practice (GCP) unit at Odense
University Hospital monitors the trial.

Adverse event reporting and harms {22}

Data on adverse events (AEs) and adverse reactions
(ARs) are collected at all visits. The participants will
complete a questionnaire about the presence of known
side effects and will be interviewed by the PI about any
adverse events that occur during the trial. For the
graduation of the severity of harms, the Common
Terminology Criteria for Adverse Events (CTCAE)
version 5.0 will be used. The PI assesses whether an AE
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is related to the trial medication using the Summary of
Product Characteristics (SmPC) for Naltrexone 50 mg as
a reference document. All AEs and ARs are described in
detail and registered in the eCRF.

ALAT, bilirubin, creatinine, GFR, thrombocyte
count, and electrocardiogram are assessed before and
after the intervention. Urinary human chorionic
gonadotropin is measured at baseline (week 0) and
after 4, 8, and 12 weeks of treatment in all women of
fertile age.

A serious adverse event (SAE) is any untoward
medical occurrence or effect that at any dose results in
death, is life-threatening, requires hospitalization or pro-
longation of existing hospitalization, results in persistent
or significant disability or incapacity, or is a congenital
anomaly or birth defect. All SAEs are reported by the PI
to the sponsor within 24 h. Causality of an SAE will be
determined according to the detailed guidance on the
collection, verification, and presentation of adverse
event/reaction reports arising from clinical trials on me-
dicinal products for human use (CT-3) guidelines. If a
serious adverse reaction (SAR) is assessed as unexpected
according to the SmPC, the sponsor must unblind the
subject before reporting it to the Danish Medicines
Agency. The PI will remain unblinded. Under section 89
[2](i) of the Danish Medicines Act, the sponsor must im-
mediately inform the Danish Medicines Agency if any
SUSARs occur during the trial.

Frequency and plans for auditing trial conduct {23}
Not applicable as no auditing.

Plans for communicating important protocol
amendments to relevant parties (e.g., trial participants,
ethical committees) {25}

Any important protocol amendments will be reported to
the Danish Medicines Agency, the local ethical
committee, the monitor of the trial, participating
investigators, trial participants, relevant trial registries,
and the journal that has published the protocol.

Dissemination plans {31a}
Information about the
ClinicalTrials.gov and the European Union Drug
Regulating  Authorities  Clinical Trials Database
(EUDRACT) before enrolment of the first patient. The
protocol and study results will be published in
international peer-reviewed journals. Both positive,
negative, and inconclusive results will be published.
After publication, the results from the trial will be dis-
seminated to the trial participants via email and to the
public via written and Internet media.

trial is published at


http://www.clinicaltrials.gov
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Discussion

The traditional pharmacological treatment of chronic
non-malignant pain (CNMP), which includes FM, aims
at reducing facilitatory neurotransmitters (e.g., gabapen-
tinoids) or increasing inhibitory neurotransmitters (e.g.,
serotonin-norepinephrine reuptake inhibitors) [31].
These treatments do not always result in satisfactory
pain relief, however, and their use is often limited by
side effects. Furthermore, traditional therapies do not
necessarily offer relief from other key symptoms associ-
ated with CNMP/FM. The results of our previous dose-
response study indicated that LDN has a positive influ-
ence on sleep disturbance, energy, and touch tenderness
in women with FM [18]. This is in concordance with
previous trials on efficacy [14, 15]. Thus, treatment with
LDN might offer several advantages to existing treat-
ments such as new targets of action, fewer side effects,
and a relatively low cost.

Currently, LDN is widely used as an off-label treat-
ment for CNMP including FM, but the evidence is based
on case reports and a few small clinical trials. This will
be the first high-quality trial of LDN with a sufficient
sample size to investigate a clinically relevant change in
pain in women with FM. In addition, the current ran-
domized, placebo-controlled trial aims to provide high-
quality evidence by reducing the risk of bias through
blinding of participating patients, investigators, outcome
assessors, and statistical analysts. Finally, the transpar-
ency of the applied methods and definitions of outcome
measures will be ensured through public access to the
current protocol paper and a priori registration at
ClinicalTrials.gov.

This trial contains both pragmatic and exploratory
elements. The study will be the first to explore the
efficacy of 6mg LDN in women with fibromyalgia.
However, for pragmatic reasons, a titration phase allows
the testing of lower doses in case of problems with
tolerability, aiming to assess the effectiveness of LDN on
pain and other FM symptoms. Another pragmatic
attitude is to secure a broad spectrum of FM severity
recruiting participants through advertising and allowing
for continued use of different kinds of usual care. The
inclusion of exploratory outcomes aims to examine the
mechanisms of action of LDN. If an effect of LDN on
pain sensitivity, muscle fatigue, or biomarkers for CNS
inflammation can be demonstrated in women with FM,
this will not only expand our knowledge about
mechanisms of action of LDN but might also contribute
to a better understanding of underlying pathology in
FM.

FM represents a well-defined subgroup of CNMP that
is suitable for clinical trials. The disorder is characterized
by chronic widespread pain and widespread hyperalgesia
to mechanical stimulation [19] and is a classic example
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of a nociplastic pain disorder hypothesized to be caused
primarily by disturbances in central pain regulatory
mechanisms [32, 33]. Findings from trials in FM patients
might therefore be extrapolated to other primary pain
conditions with nociplastic pain features. As FM is diag-
nosed more frequently in women [34], recruitment of
men with FM can be difficult. We have therefore chosen
to include only women in order to ease recruitment and
strengthen the internal validity of the results. This will
have an impact on generalizability and external validity,
and the final results must be reproduced later in a popu-
lation including men.

Trial status
Protocol version 5.1. Date: 27.07.2021 (dd.mm.yyyy)
Approval from authorities: 30.10.2019
Expected start of inclusion: 01.11.2020
Expected end of inclusion: 01.01.2023
Expected end of follow-up:01.06.2023
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Naltrexone 6 mg once daily versus placebo in women with
fibromyalgia: a randomised, double-blind, placebo-
controlled trial

Karin Due Bruun, Robin Christensen, Kirstine Amris, Henrik Bjarke Vaegter, Morten Rune Blichfeldt-Eckhardt, Lars Bye-Maoller,
Anders Holsgaard-Larsen, Palle Toft

Summary

Background Low-dose naltrexone is used to treat fibromyalgia despite minimal evidence for its efficacy. This trial
aimed to investigate whether 12-week treatment with 6 mg low-dose naltrexone was superior to placebo for reducing
pain in women with fibromyalgia.

Methods We did a single-centre, randomised, double-blind, placebo-controlled trial in Denmark. We enrolled women
aged 18-64 years who were diagnosed with fibromyalgia. Participants were randomly assigned 1:1 to receive low-dose
naltrexone (6 mg) or an identical-appearing placebo, using a computerised algorithm with no stratifications applied.
Participants, investigators, outcome assessors, and statistical analysts were all masked to treatment allocation. The
primary outcome was change in pain intensity on an 11-point numeric rating scale from baseline to week 12, in the
intention-to-treat population. Safety was assessed in participants in the intention-to-treat population who received at
least one dose of their allocated intervention. This trial was registered with ClincalTrials.gov (NCT04270877) and
EudraCT (2019-000702-30).

Findings We screened 158 participants for eligibility from Jan 6, 2021, to Dec 27, 2022, and 99 patients were randomly
assigned to low-dose naltrexone (n=49) or placebo (n=50). The mean age was 50-6 years (SD 8-8), one (1%) of
99 participants was Arctic Asian and 98 (99%) were White. No participants were lost to follow-up. The mean change
in pain intensity was —1-3 points (95% CI -1-7 to —0- 8) in the low-dose naltrexone group and -0-9 (-1-4 to -0-5) in
the placebo group, corresponding to a between-group difference of —0-34 (—0-95 to 0-27; p=0-27, Cohen’s d 0-23).
Discontinuations due to adverse events were four (8%) of 49 in the low-dose naltrexone group and three (6%) of 50 in
the placebo group. 41 (84%) of 49 patients in the low-dose naltrexone group had an adverse event versus 43 (86%) of
50 in the placebo group. One serious adverse event occurred in the placebo group and no deaths occurred.

Interpretation This study did not show that treatment with low-dose naltrexone was superior to placebo in relieving
pain. Our results indicate that low-dose naltrexone might improve memory problems associated with fibromyalgia,

and we suggest that future trials investigate this further.

Funding The Danish Rheumatism Association, Odense University Hospital, Danielsen’s Foundation, and the Oak
Foundation.

Copyright © 2023 Elsevier Ltd. All rights reserved.

Introduction

Fibromyalgia is a common debilitating condition
affecting about 2% of the general population worldwide,'
with a more than 9-fold greater prevalence among
women in diagnosed populations.” Recent prevalence
studies using new symptom-based diagnostic criteria
show a more even ratio between sexes in general
populations.” This discrepancy seems to reflect a severe
under-diagnosis of fibromyalgia among men in patient
populations.’ Fibromyalgia syndrome is characterised by
widespread pain and tenderness accompanied by a range
of non-pain symptoms such as fatigue, sleep disturbance,
and dyscognition. Pain in fibromyalgia has been shown
to be related to alterations in functional connectivity in
brain regions involved in pain processing, decreased
activity in anti-nociceptive pathways, and increased

activity in pro-nociceptive pathways.* The cause is still
poorly understood but seems multifactorial, with
different central and peripheral mechanisms as possible
reinforcements of altered pain processing.’

There are several guideline-recommended pharma-
cological treatment options for fibromyalgia,® of which
duloxetine, milnacipran, and pregabalin have been
approved by the US Food and Drug Administration.®
However, response rates to these treatments are low,
dropouts are common because of side effects, and the
European Medicines Agency has not approved these
treatments because of the non-advantageous risk-benefit
profile. Non-pharmacological treatments, such as patient
education, cognitive behavioural therapy, exercise, or
multidisciplinary treatment, can improve pain and other
fibromyalgia symptoms. The treatment effects seem to be
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Research in context

Evidence before this study

We searched Medline for papers published in peer-reviewed
journals from database inception to May 25, 2023, using the
terms “naltrexone” and “fibromyalgia”. We identified

46 articles, hereof two studies publishing results from clinical
trials investigating the efficacy of low-dose naltrexone
compared with placebo in patients with fibromyalgia. Both
studies applied a cross-over design and used a dose of 4:5 mg.
The first study was a single-blind pilot trial (ten women), and
the second was a randomised placebo-controlled trial

(31 women). These two trials indicated that low-dose
naltrexone might be more effective than a placebo in reducing
pain intensity in women with fibromyalgia. However, both
studies were small and potentially biased due to several
methodological weaknesses. In June 2023, a new trial with a
cross-over design, testing a dose of 4-5 mg, and including

52 patients (46 women and 6 men) with fibromyalgia was
published. This third study did not show an analgesic effect of
low-dose naltrexone over a placebo. Several factors might have
resulted in this negative result, for example the intended
sample size of 140 participants was not reached and a sample
size calculation was not provided for the pain outcome.

Added value of this study

The FINAL trial is the first randomised, double-blind, placebo-
controlled trial with a parallel group design to investigate the
efficacy of naltrexone 6 mg in women with fibromyalgia.

stable up to 14 weeks after the end of treatment, but then
begin to decline.” Fibromyalgia is associated with a high
symptom burden, increased use of health-care resources,
work disability, and lower health-related quality of life than
patients with other chronic diseases.” Thus, effective and
safe treatment options are highly warranted.

Naltrexone is a non-selective opioid receptor antagonist
that was marketed in the 1980s as an additional therapy
for preventing relapse in patients with previous abuse of
opioids or alcohol.” Low-dose naltrexone has been used
as an off-label treatment for fibromyalgia for several
years despite no evidence from large randomised
controlled trials.” Low-dose naltrexone traditionally
refers to doses of 1-5 mg,* however, in clinical practice,
doses of up to 9 mg of naltrexone have been used to treat
fibromyalgia.” Putative mechanisms of action of low-
dose naltrexone could be a feedback-mediated increased
expression of opioid receptors and opioid peptides with
possible improvement of pain inhibition mediated via
the endorphin system® or an anti-inflammatory effect
mediated through antagonistic action at the Toll-like
receptor 4 that is located on neuroimmune cells.”

Before initiating a clinical trial, we systematically
searched the literature and found two small clinical trials
conducted by the same research group investigating the
efficacy of low-dose naltrexone compared with a placebo

Low-dose naltrexone was not superior to placebo in reducing
pain at the group level. Among the secondary outcomes, we
found a significant improvement only for memory problems
related to fibromyalgia in favour of low-dose naltrexone.
Discontinuations due to adverse events were low in both
groups, and no concerns with safety related to treatment with
this relatively high dose of 6 mg were seen.

Implications of the available evidence

According to the Initiative on Methods, Measurement, and Pain
Assessment in Clinical Trials guidelines, many factors must be
considered when evaluating the clinical importance of group
differences, including responder analyses, secondary outcomes,
and safety. A higher proportion of participants in the low-dose
naltrexone group (45%) reported a more than 30% decrease in
pain, than in the placebo group (28%). However, our study was
not powered to detect a difference between groups regarding
responder indices, and our sample size was most likely too small
to detect a significant difference. Among the other key
secondary outcomes, we found a significant between-group
difference regarding the improvement of memory problems in
favour of low-dose naltrexone treatment. The clinical relevance
of this finding remains to be explored. We recommend more
extensive trials with robust methods before definitive
conclusions can be made about the clinical efficacy of low-dose
naltrexone for treating fibromyalgia.

for treating pain in women with fibromyalgia.” Both
studies used a dose of 4-5 mg and applied a cross-over
design. The first trial was a single-blind pilot trial with ten
participants.® The second trial was a double-blind,
placebo-controlled, randomised trial that included
31 women with fibromyalgia.” The studies showed
preliminary evidence that low-dose naltrexone might be
superior to placebo in relieving pain and other symptoms
of fibromyalgia. In the randomised control trial, no
difference in overall tolerability was found, but headaches
and vivid dreams were reported more frequently
during treatment with low-dose naltrexone. Due to
methodological weaknesses described in detail in a recent
review," both trials had a high risk of bias. Thus, we found
the need for a larger and methodologically more robust
randomised control trial to assess the potential efficacy of
low-dose naltrexone for treating pain in patients with
fibromyalgia. A new trial including 52 patients (46 women
and 6 men) with fibromyalgia has recently been
published.” As in the two earlier trials, a cross-over design
and a 4-5 mg dose were used. This third study did not
show an analgesic effect of low-dose naltrexone over a
placebo.

The primary objective of the Fibromyalgia and
Naltrexone (FINAL) study was to investigate whether
12-week treatment with naltrexone 6 mg was superior to
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placebo in reducing the average pain intensity (during
the past 7 days) in women with fibromyalgia. Secondary
objectives included core fibromyalgia domains such as
non-pain symptoms, daily functioning, health-related
quality of life, global impression of change, and
responder indices.

Methods

Study design

The FINAL study was a single-centre, randomised,
double-blind,  placebo-controlled  superiority  trial
conducted at a tertiary pain rehabilitation centre in
Denmark (Pain Center South, Odense University
Hospital). The study was approved by the Ethical
Committee of Southern Denmark (S-20190133) and the
Danish Health and Medicines Authority (19/26406) and
was reported to the Danish Data Protection Agency. The
study was registered with the European Union Drug
Regulation ~ Authorities Clinical ~Trials Database
(EudraCT-nr: 2019-000702-30), and the protocol was
uploaded to ClinicalTrials.gov (NCT04270877) before the
initiation of the study. A detailed protocol paper was
published before the end of inclusion.” The original
protocol is included in the appendix (pp 5-35). The
justification for using a test dose of 6 mg was based on
clinical practice and data from our previously published
dose-response study,”? in which we tested doses between
2-25 mg and 6 mg and found that doses higher than
4.5 mg, as used in previous trials, might be more
efficacious without causing more harm.

Participants

Participants were recruited from the study site and
through advertisements in national patient association
magazines (both printed and internet-based). To be
eligible, participants had to be women aged 18-64 years
with fibromyalgia, and no history of neurological
disease, inflammatory rheumatic disease, or active
cancer. To confirm the fibromyalgia diagnosis,
participants were required to fulfil the American
College of Rheumatology 1990 criteria for fibromyalgia.”
Pain had to be at least moderate in intensity, defined as
an average pain score during the past week of at least
four on a 0-10 numeric rating scale (NRS). Participants
were allowed to continue their usual care and pain
medication. Because of the interaction between opioids
and naltrexone, participants were excluded if they had
used opioids less than 4 weeks before entering the trial.
Using opioids during the trial was considered a protocol
violation. As one of the exploratory outcomes was an
assessment of inflammation biomarkers, anti-
inflammatory medication and non-steroidal anti-
inflammatory drugs were not allowed 4 weeks before
and during the trial. A complete list of eligibility criteria
is available in the original protocol (appendix pp 22-23)
and the published protocol.” Written informed consent
was obtained from all subjects entering the study.

Randomisation and masking

Using a 1:1 allocation, participants were randomly assigned
to treatment with 6 mg naltrexone or an identically-
appearing placebo, using a computerised algorithm; no
stratifications were applied. A data manager without
involvement in the study made a sequential randomisation
list based on permuted blocks of two to six individuals. The
allocation was concealed in a password-protected computer
file that was only accessible by the data manager. The
primary investigator enrolled the participants and assigned
them a sequential randomisation number, allocating them
to one of the two groups. Participants, investigators,
outcome assessors, and statistical analysts were all masked
to the allocation and the permuted blocking strategy. A
blinded interpretation was made before unmasking and is
available in the appendix (pp 59-64).

Procedures
Tablets containing 1-5 mg naltrexone and identically
appearing placebo tablets were manufactured at Glostrup
Pharmacy (Glostrup, Denmark; an independent
compounding pharmacy). The trial medication was
shipped to Hospital Pharmacy Funen (Odense,
Denmark), which received a copy of the randomisation
list and blinded the medicine using identical cans
labelled with the randomisation numbers. The timeframe
for the study was 16 weeks, consisting of a 12-week
treatment period (including a 4-week titration phase) and
a 4-week washout period aiming to observe possible
withdrawal symptoms (weeks 13 to 16). All participants
started with one daily oral dosage of 1-5 mg low-dose
naltrexone or placebo. During the 4-week titration phase,
the dose was increased by one tablet per day each week to
4 tablets per day at week 4. Dose escalation was based on
safety and tolerability, and delayed increments were
allowed in case of unacceptable side effects. After the end
of week 4, a maintenance dose was determined,
equivalent to the highest dose tolerated at this timepoint.
The trial medicine was taken once daily in the evening.
Due to issues related to the COVID-19 pandemic, the
Danish Medicines Authority demanded that all Danish
trials take appropriate actions to reduce the risk of
infection. Therefore, it was decided to convert three
follow-ups (ie, at weeks 4, 8, and 16) to telephone visits.
The detailed visit schedule is available in the protocol
(appendix p 25).

Outcomes

All patient-reported outcomes were measured at baseline
and after 4, 8, and 12 weeks of treatment in a repeated
measures design, with the 12-week assessment being of
primary interest. The primary outcome measure was
change in pain intensity from baseline to 12 weeks,
using the level of pain question from the Fibromyalgia
Impact Questionnaire-Revised (FIQR) questionnaire,*
which measures the average pain within the past 7 days
on an 11-point NRS, ranging from 0 indicating no pain to

www.thelancet.com/rheumatology Published online December 5,2023 https://doi.org/10.1016/52665-9913(23)00278-3

See Online for appendix



Articles

10 indicating unbearable pain. This was measured in the
intention-to-treat population. To reduce recall bias, all
participants were asked to report their pain in the past
24 h in a handwritten diary, 7 days before baseline, and
7 days before week 8 and week 12.

Key secondary outcomes included the Patient’s Global
Impression of Change on a 1-7 verbal rating scale, the
global impact of fibromyalgia by the FIQR total score,
the Widespread Pain Index from the 2016 diagnostic
criteria for fibromyalgia,” FIQR-tenderness item, FIQR-
fatigue item, FIQR-sleep disturbance item, FIQR-
depression item, FIQR-anxiety item, FIQR-memory
problems item, FIQR-stiffness item, and FIQR physical
function domain. The EQ-5D-5L* assessed health-
related quality of life, including domains of mobility,
self-care, usual activities, pain or discomfort, and
anxiety or depression. The EQ Visual Analogue Scale
was used to determine the change in global health-
related quality of life. The pressure pain threshold was
measured three times at two points using a handheld
pressure algometer (Somedic, Horby, Sweden) and is
reported as the average of the six measurements. The
two points measured are right quadriceps 15 cm from
apex patella and left trapezius 10 cm acromion (between
acromion and C6 and C7). Each point is measured three
times; point two and point three is measured 1 cm above

158 patients assessed for eligibility by telephone interview

52 ineligible
18 did not meet inclusion criteria

> 34 declined to participate

y

106 patients assessed for eligibility by face-to-face screening

7 ineligible
> 5 did not meet inclusion criteria
2 declined to participate

| 99 randomly allocated |

v

v

50 assigned placebo | | 49 assigned low-dose naltrexone
4 discontinued treatment 5 discontinued treatment
1 had a serious adverse event 4 had an adverse event
> —

2 had an adverse event
1 needed opioid treatment

1 needed opioid treatment

A

| 46 treatment ongoing

| |44treatmentongoing |

v

v

| 50 included in the intention-to-treat analysis |<' | 49 included in the intention-to-treat analysis |<'

Figure 1: Trial profile

and 1 cm below the first point. The pressure pain
threshold was measured at baseline and after 12 weeks
of treatment.

Other secondary supportive outcomes included
investigating the number of responders in both treatment
groups. Three responder categories were defined a priori
as the number of responders with more than 15%, 30%,
and 50% improvement in the primary outcome measure
from baseline to 12 weeks.

For the surveillance of harms, both active and passive
methods were used. The participants were encouraged to
report adverse events spontaneously and were also asked
about 12 common side effects via a questionnaire. If the
participant reported harms categorised as grade 2 or
higher, they were advised by the primary investigator to
lower the dose. If harms were classified as grade 1, the
decision about dosing was made individually in an
agreement between the primary investigator and the
participant. The primary investigator followed up with
the participants by telephone until adverse events had
ceased or were stable. The Common Terminology Criteria
for Adverse Events (version 5.0) was used to grade the
severity of harm.

Statistical analyses
Using data from our previous dose-response study, we
estimated the self-reported pain intensity on a 0-10 NRS
at baseline to have a mean of 6-7 points (SD 1-5) in the
target population. According to the Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials
(IMMPACT) guidelines,” a minimal clinically important
change is defined as a 15% decrease in pain (approximately
1.0 NRS point). In contrast, a 30% decrease (about
2-0 NRS points) is defined as a clinically meaningful
change, and a 50% decrease is considered a substantial
improvement. No definition of a minimal clinically
important difference between groups is available from
the IMMPACT guidelines. Using an estimated minimal
clinically important difference between groups of 1.0, a
SD of 1.5 (corresponding to a Cohen’s effect size of 0- 67),
a statistical power of at least 80%, and a two-sided
statistical significance level of 0-05, 74 patients were
required for the intention-to-treat population (ie,
37 patients in each group). Expecting some attrition and
drop-outs during the 12-week trial period, we decided to
include 100 patients (ie, 50 patients in each group),
potentially corresponding to a statistical power of more
than 90% to detect a difference between groups in the
intention-to-treat population. The statistical analysis plan
was published online at ClinicalTrials.gov before the end
of inclusion and is available in the appendix (pp 36-58).
Our main analyses comprised estimations of between-
group differences in the continuous outcomes after
12 weeks for primary and secondary outcomes. Repeated
measurements (T=0, 4, 8, and 12 weeks from baseline)
were used in a linear mixed-effects model. The treatment
group, week, and the interaction between them were
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used as fixed effect factors, and participant identification
as a random-effect parameter. All between-group
differences based on the least square means were
adjusted for baseline level to reduce the random
variation. All p values and 95% CIs were two-sided. The
main analyses were based on the intention-to-treat
population, which included all participants assessed and
randomly assigned at baseline. Using mixed effects
models, missing data would be handled indirectly and
statistically modelled using repeated-measures linear
mixed models; mixed effects models are valid, assuming
data are missing at random.”

We also calculated the number of responders (binary
endpoints) in the two groups, based on participants who
reported a more than 15%, 30%, and 50% decrease in
pain after 12 weeks of treatment with low-dose naltrexone
or placebo. These outcomes were analysed and reported
as Risk Ratios (RR) with 95% CI comparing the
proportions responding in the two groups.

To confirm the robustness of the main findings,
sensitivity analyses were performed and reported on the
main analyses for the per protocol population, ie,
participants with at least 80% adherence to the prescribed
treatment.

For ease of interpretation, and in line with EQ-5D
reporting guidelines, the EQ-5D domains were
dichotomised into the number and proportions of
participants having no or slight problems (level 1-2)
versus moderate, severe, or extreme problems (level 3-5).
These dichotomous outcomes are reported for both
groups at baseline and after 12 weeks of treatment, with
no comparative statistics. The between-group differences
for the continuous EQ Visual Analogue Scale outcome
was assessed with comparative statistics as described
previously.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

Participants were recruited from Jan 6, 2021, to
Dec 27, 2022. 158 patients were screened for eligibility;
telephone interviews excluded 52, and another seven
were excluded by face-to-face screening (figure 1). The
remaining 99 eligible patients were randomly assigned
to treatment with low-dose naltrexone (n=49) or placebo
(n=50). One (1%) of 99 participants was Arctic Asian, and
98 (99%) were White, and the mean age was 50-6 years
(SD 8-8; table 1).

Four (8%) of 49 participants in the low-dose naltrexone
group and three (6%) of 50 in the placebo group
discontinued treatment after week 4 because of intolerable
side effects. One protocol violation occurred in each
group due to non-related adverse events requiring opioid
treatment. No participants were lost to follow-up, and the

Low-dose

Placebo

naltrexone (n=49) (n=50)

Total population
(n=99)

Age, years
Ethnicity
White
Arctic Asian
Height, m
Bodyweight, kg
Body mass index, kg/m?
Duration of chronic pain, years
Pain medication
None
One
Two or more
Concomitant pain medication
Paracetamol

Tricyclic antidepressants or serotonin-
noradrenalin-reuptake-inhibitor

Gabapentin or pregabalin
Other

Level of pain,* average past 7 days
(range 0-10)

Fibromyalgia impact questionnaire-revised
total score (range 0-100)

Pain distribution, widespread pain index
(range 0-19)

Level of tenderness,* average past 7 days
(range 0-10)

Tenderness, average pressure pain
threshold, T in kPa

Level of fatigue,* average past 7 days (0-10)

Level of sleep disturbance,* average past
7 days (range 0-10)

Level of depression,* average past 7 days
(range 0-10)

Level of anxiety,* average past 7 days
(range 0-10)

Level of memory problems,* average past
7 days (0-10)

Level of stiffness,* average past 7 days
(range 0-10)

Fibromyalgia impact questionnaire-revised
function domain (range 0-90)

EuroQol 5 dimensions 5 levelst
Mobility; moderate, severe, or extreme
Self-care; moderate, severe, or extreme
Activity; moderate, severe, or extreme
Pain; moderate, severe, or extreme
Anxiety; moderate, severe, or extreme

EuroQol visual analog scale (range 0-100)

50-8 (8-8)

48 (98%)
1(2%)
167-9 (7-1)
86-3(17-1)
30-6 (5-8)
193 (123)

5 (10%)
32 (65%)
12 (24%)

42 (86%)
12 (24%)

3(6%)
2 (4%)
63(13)

552 (12:5)

12:6 (3-3)

61(2:6)

188-4 (697)

69 (1:5)
81(17)

28 (2:4)

1.8 (27)

6-2(22)

66 (1.9)

47-4(17:3)

50-4(8-9)

50 (100%)
0
1679 (5-8)
81-8 (155)
29.0 (5-1)
21-8 (11-3)

4(8%)
33 (66%)
13 (26%)

43 (86%)
8 (16%)

6 (12%)
4 (8%)
6-2(1:6)

541(148)

114 (4-0)

59(29)

1986 (88-8)

2.9 (25)

2:4(27)

52(2-1)

66 (21)

502 (17-4)

506 (8-8)

98 (99%)
1(1%)

1679 (6:4)
84.0 (16-4)
29-8(55)
20-6 (11-8)

9 (9%)
65 (66%)
25 (25%)

86 (87%)
20 (20%)

9(9%)

6 (6%)

63(15)
546 (137)

12:0(37)

6:0(27)

1935 (79-6)

e o

2:9(25)

21(27)

57(22)

66 (2:0)

48-8 (17-3)

Data are n (%) or mean (SD) unless otherwise stated. *Fibromyalgia impact questionnaire-revised item. tMeasured
using a handheld pressure algometer. An average of the six measurements is reported. The percentages represent
participants reporting moderate or worse symptoms.

Table 1: Baseline characteristics of the intention-to-treat population
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Average pain intensity during the past 7 days

—— Low-dose naltrexone
—— Placebo

T
Baseline 4

Time (weeks)

oo

12

Figure 2: Pain trajectory
The trajectory for the average pain during the past 7 days (using the pain

question from the Fibromyalgia Impact Questionnaire, revised) over time from
baseline to the primary endpoint after 12 weeks.

primary outcome was assessed for the entire intention-to-
treat population. For the per protocol population (n=90), a
maximum maintenance dose of 6 mg was obtained in
35 (80%) of 44 participants in the low-dose naltrexone
group versus 39 (85%) of 46 participants in the placebo
group. A lower maintenance dose was obtained in nine
participants in the low-dose naltrexone group (eight on
4.5 mg and one on 3 mg) and seven participants in the
placebo group (three on 4-5 mg and four on 3 mg).

The within-group mean change in pain intensity (the
primary outcome) was —1-3 NRS (95% CI -1-7 to —0-8)
for the low-dose naltrexone group and —0-9 NRS (-1-4
to —0-5) for the placebo group. There was no significant
difference between groups; the between-group
difference was -0-34 NRS (95% CI -0-95 to 0-27;
p=0-27), corresponding to a Cohen’s d of 0-23. Based
on the least square means (and standard errors [SEs])
the pain intensity measure trajectories are presented
for both groups in figure 2. Table 2 lists the changes for
the primary and secondary continuous outcomes for
each group and the corresponding between-group
differences after 12 weeks of treatment, with 95% CI
and p values.

Change from baseline to after 12 weeks of

Between group differences p value

treatment (95% CI)

Low-dose naltrexone  Placebo (n=50)

(n=49)
Primary outcome
Pain intensity,* NRS 0-10 -1.3(-1.7t0-0-8) -0-9 (-1-4to-0-5) -0-34 (-0-95to0 0-27) 0-27
Key secondary outcomes
Global impression of change, median (IQR) 5(4t06) 4(4t05) NA 0-20
Impact of fibromyalgia, Fibromyalgia Impact Questionnaire  -10-8 (-13-8 to-7-8) -83(-113to-5-3) -2.50 (-6:73t01:72) 024
(revised) total score 0-100
Pain distribution, Widespread Pain Index 0-19 -2:4(-3-3to-1-4) -1.7 (-2-6 t0-0-8) -0-64 (-1-95t0 0-67) 034
Level of tenderness,* NRS 0-10 -13(-1-8t0-0-8) -1-1(-1-5t0-0-6) -0-24 (-0-92 to 0-43) 048
Average pain pressure thresholdt 2:6 (-12:5t0177) -9-1(-23-9t05-7) 11-70 (-9-41t0 32-81) 028
Level of fatigue,* NRS 0-10 -1.0 (-1-4to-0-5) -0-9 (-1-4t0-0-5) -0-04 (-0-69 to 0-60) 0-90
Level of sleep disturbance,* NRS 0-10 -17(-2:3t0-1-2) -1-6 (-2-2t0-1-0) -0-16 (-0-99 to0 0-68) 071
Level of depression,* NRS 0-10 -0-6 (-1-1t0-0-1) -0-4(-0-9t0 0-1) -0-18 (-0-86 to 0-50) 0-61
Level of anxiety,* NRS 0-10 -0:3(-0-6t00-1) -0-4 (-0-8to-0-1) 0-18 (-0-32t0 0-67) 049
Level of memory problems,* NRS 0-10 -1-4 (-1-9to-1-0) -0-5(-0-9to-0-1) -0-93 (-1-57 to-0-30) 0-004
Level of stiffness,* NRS 0-10 -12(-1-6t0-07) -1-1(-1-5t0-0-6) -0-13 (-0-76 to 0-51) 0-70
Physical function, Fibromyalgia Impact Questionnaire -7-3 (<107 to -4-0) -5:7(-9-0to-2-4) -1-63 (-6:33 t0 3-07) 0-50
(revised) function domain 0-90
Health-related quality of life, EuroQoL Visual Analog Scale 6-6 (22t011.0) 53(0-9t09-7) 133 (-4-89to0 7:55) 0-68
0-100
Responder indices
15% improvement in pain, n (%) 26 (53%) 21 (42%) RR=1-26 (0-83t01-92) 027
30% improvement in pain, n (%) 20 (41%) 13 (26%) RR=1-57 (0-88 t0 2-79) 012
50% improvement in pain, n (%) 12 (24%) 7 (14%) RR=1-75 (0-75 to 4-07) 019

Repeated measures mixed effects models: estimates are presented as least squares means (95% Cl) per group, and the difference between them is reported with the
corresponding 95% Cl-unless otherwise stated. NRS=Numeric Rating Scale. RR=relative risk. *Items from the Fibromyalgia Impact Questionnaire (revised). tMeasured using a

handheld pressure algometer. An average of the six measurements is reported in KPa.

Table 2: Primary, key secondary, and other secondary outcomes at 12 weeks from baseline based on the intention-to-treat population
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There was no significant difference between groups
for most of the secondary outcomes. Across all the
secondary continuous outcomes, we only found a
significant difference between the groups for memory
problems in favour of low-dose naltrexone (-0-93,
95% CI -1-57 to —0-30, p=0-004). When adjusting for
multiplicity (0-05+16=0-003), this difference lost its
significance. The Patient’s Global Impression of Change
for both groups shows that more participants in the low-
dose naltrexone group reported an overall improvement
than the placebo group (appendix p 2). However, a
statistically significant difference in Patient’s Global
Impression of Change score was not observed (table 2).

A 15% reduction in pain was seen in 26 (53%) of
49 women in the low-dose naltrexone group and 21 (42%)
of 50 women in the placebo group, corresponding to a
relative risk (RR) of responding of 1-26 (95% CI
0-83t01-92, p=0-27; table 2). The number of participants
who reported a clinically meaningful change (at least
30% pain reduction) was 20 (41%) in the low-dose
naltrexone group and 13 (26%) in the placebo group (RR
1-57 [95% CI 0-88 to 2-79], p=0-12). For participants
with at least 50% pain reduction (defined as a substantial
change), the numbers were 12 (24%) in the low-dose
naltrexone group and seven (14%) in the placebo group
(RR 1-75 [95% CI 0-75 to 4-07], p=0-19).

Sensitivity analyses showing the between-group
differences for the per protocol population are available
in the appendix (p 4). For the primary outcome (change
in pain intensity), the between-group difference was
larger in the per protocol population (—0-47 NRS, 95% CI
-1-11 to 0-18; p=0-15) compared with the intention-to-
treat population. Regarding the number of pain
responders, the RR was slightly larger in the per protocol
population (eg, for 30% pain responders, RR 1-61
[95% CI 0-92 to 2-82], p=0-09). The change in memory
problems remained statistically significant (-1-01,
95% CI —1-69 to —0-34; p=0-004).

The dichotomised EQ-5D domains are available in the
appendix (p 3). For the pain and discomfort domain,
most participants in both groups reported problems as
level 3-5. A change in category from level 3-5 to level 1-2
was observed in 12 (24%) of 49 in the low-dose naltrexone
group versus 4 (8%) of 50 in the placebo group.

Adverse events in both groups are summarised in
table 3, with a breakdown by grade of the event and the
frequencies of 12 predefined adverse events. Adverse
events were reported by 41 (84%) of 49 patients in the low-
dose naltrexone group (19 [39%)] of a moderate grade) and
43 (86%) of 50 in the placebo group (17 [34%] moderate).
The median number of adverse events reported per
patient was three in the low-dose naltrexone group and
two in the placebo group. The most frequent adverse
event was headache, which occurred in 18 (37%) patients
in the low-dose naltrexone group and 19 (38%) in the
placebo group. Vivid dreams, diarrhoea, constipation,
increased appetite, dizziness, and hot flushes were

Low-dose Placebo
naltrexone (n=50)
(n=49)
Final dose, mg 6-0 (4-5-6-0) 6-0 (6-0-6-0)
Exposure time, patient weeks 12 (12-12) 12 (12-12)
Adverse events 41 (84%) 43 (86%)
Adverse events, n events (rate per 3(1-6) 2 (1-4)
patient)
Mild adverse events 39 (80%) 42 (84%)
Moderate adverse events 19 (39%) 17 (34%)
Serious adverse events 0 1(2%)
Deaths 0 0
Pre-specified adverse events
Headache 18 (37%) 19 (38%)
Vivid dreams 19 (39%) 9 (18%)
Diarrhoea 14 (29%) 7 (14%)
Constipation 8 (16%) 2 (4%)
Abdominal ache 11 (22%) 10 (20%)
Nausea 13 (27%) 14 (28%)
Increased appetite 5(10%) 2 (4%)
Dizziness 14 (29%) 7 (14%)
Palpitations 2 (4%) 0
Hot flushes 16 (33%) 7 (14%)
Dry mouth 10 (20%) 10 (20%)
Depressed mood 2 (4%) 1(2%)

Data are n (%) or median (IQR). The safety population was defined as participants
in the intention-to-treat population who received at least one dose of their
allocated intervention. The severity of an adverse event refers to the maximum
intensity of the event. An event is considered mild if it does not interfere with
activities of daily life, moderate if it limits instrumental activities of daily life, and
severe if it interferes substantially with the patient’s activities of daily life.

An adverse event is classified as serious if fatal or life-threatening, requires
inpatient hospitalisation, causes substantial disabling, or requires medical
intervention to prevent permanent impairment or damage.

Table 3: Adverse events

reported more than twice as frequently in the low-dose
naltrexone group than the placebo group. However,
constipation and increased appetite were not commonly
reported (<10%). One serious adverse event occurred in
the placebo group (hospitalisation for 5 h due to severe
abdominal pain). None of the reported adverse events
were unexpected. No deaths occurred.

Discussion

To the best of our knowledge, this trial is the first rigorously
designed, conducted, and reported randomised study
evaluating the efficacy of low-dose naltrexone 6 mg for 12
weeks compared with placebo for treating pain in women
with fibromyalgia. We found that treatment with low-dose
naltrexone was not superior to placebo for reducing the
average pain intensity Among the key secondary
outcomes, we only found a significant between-group
difference in improving memory problems; however, this
finding might be a false positive due to multiplicity. The
study revealed no concerns with harms related to treatment
with this relatively high dose of 6 mg low-dose naltrexone.
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A recent systematic review investigating the efficacy of
low-dose naltrexone for treating fibromyalgia showed
that two early placebo-controlled studies lacked scientific
robustness, and their preliminary evidence of a positive
effect was considered potentially biased.” Data have
recently been published from a third trial conducted in
Denmark, where several methodological issues were
improved, eg, a priori sample size calculation, similar
lengths of treatment periods (21 days), and inclusion of a
wash-out period (14 days) between the placebo and the
low-dose naltrexone conditions. In this third trial, the
primary outcomes were mean changes in FIQR total
score and Summed Pain Intensity Rating on a 0-30 NRS
(summing three subscores of pain during rest 0-10,
personal hygiene measures 0-10, and activities of daily
living 0-10), measured as the average pain intensity
during the past 3 days. The study did not show significant
between-group differences for these two primary
outcomes. The sample size calculation was based on
Fibromyalgia Impact Questionnaire data from the early
trials, and an estimate of a sample size adequate to detect
a minimal clinically important difference in Summed
Pain Intensity Rating was not provided, but the observed
very small effect size (Cohen’s d 0-04) indicated there
was no clinically relevant difference for the change in
Summed Pain Intensity Rating.

Our research group previously conducted a dose-
response study, testing doses between 0-75 mg and 6
mg, providing an estimate of the effective dose in 50% of
3-88 mg and 95% of 5-4 mg.”? However, a larger dose
range might have given a higher estimate. As clinical
practice has changed during the past decade with the use
of doses of up to 9 mg of naltrexone,” combined with no
safety concerns related to treatment with doses up to 6
mg in our dose-response trial, we decided to use a test
dose of 6 mg. Acknowledging that one size does not fit
all, we also chose to include a titration phase, allowing
for delayed increments.

In the current trial, the observed effect size for pain
improvement was small, and not significant (Cohen’s d
0-23).° According to IMMPACT guidelines, there is a
risk that clinically meaningful improvements for
individual patients can be obscured by small mean group
differences.” Thus, a benefit-risk evaluation at the study
level is recommended, including evaluation of secondary
outcomes, responder analysis, safety parameters, and a
comparison with other available therapies.?*

Across the key secondary outcomes, we found small
improvements of all patient reported outcomes in both
groups, with no significant between-group differences
except for FIQR-memory problems. Whether this finding
is a false positive due to multiplicity, remains to be
explored. None of the previous low-dose naltrexone trials
have included measures of memory problems or other
measures of disturbed cognition as an outcome.”*?

In our sensitivity analysis, we found the number of 30%
pain responders to be 20 (45%) of 44 in the low-dose

naltrexone group and 13 (28%) of 46 in the placebo group,
corresponding to a number needed to treat of 6. Our
study was not powered to detect a significant difference
regarding responder indices. However, when looking at
the 95% CI around the estimand of 30% response rates,
we hypothesise that this finding could be interpreted as a
potential difference to be explored in future trials.
Subgroups of patients with fibromyalgia might respond
differently to low-dose naltrexone treatment, and we
intend to conduct a responder analysis based on levels of
inflammatory biomarkers and specific biomarkers of glial
activation, hypothesising that an inflammatory subgroup
might benefit from the treatment. Results will be
published in subsequent papers.

Discontinuations due to adverse events were very low in
our trial, with 4 (8%) of 49 in the low-dose naltrexone
group and 2 (4%) of 50 in the placebo group. In two earlier
low-dose naltrexone cross-over trials, the drop-out rates
were about 10%. As a comparison, in a systematic review
of serotonin and norepinephrine reuptake inhibitors the
number of withdrawals due to adverse events was reported
to be 19% in the serotonin and norepinephrine reuptake
inhibitor group and 10% in the placebo group.’

The main strength of this study is the use of a robust
method, aiming to reduce the level of bias. We used a
computerised random sequence generation that kept
participants, outcome assessors, investigators, and
statisticians masked to the allocation. Although our study
was a single-centre study, participants were recruited
from all over Denmark. Recruitment through
advertisements provided a representative sample of
patients with varying impacts of the disease. The
treatment groups were comparable regarding the
baseline characteristics, and treatment compliance was
high in both groups. No participants were lost to follow-
up. The main analysis was based on the intention-to-treat
population, and sensitivity analysis of the per protocol
population showed similar results.

The study’s main limitation is that it was only powered
to detect a difference between groups of 1-0 NRS points
for the intensity of pain. The inclusion of 13 secondary
outcomes and three dichotomous responder index
outcomes might have increased the chance of a positive
finding among the secondary outcomes. Another
limitation could be around the external validity of the
trial. As we primarily included White women aged
18-64 years, our results cannot be generalised to men,
adolescents, older adults, or other ethnic groups. Using a
12-week follow-up period, our study does not provide
knowledge about long-term treatment or adverse effects.

In conclusion, the current study did not show that
treatment with low-dose naltrexone was superior to
placebo in reducing pain in women with fibromyalgia in
general. Our results indicate that low-dose naltrexone
might improve memory problems associated with
fibromyalgia, and we suggest that future trials investigate
this further.
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