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I would like to dedicate my Thesis to all teenagers who are suffering from chronic
widespread pain at their younger ages, which has been a major motivation for me to find better

solutions for them throughout my master’s program.



Abstract

Background: Chronic widespread pain (CWP) is an idiopathic condition that affects 6 to 20% of
the pediatric population. Children who have CWP are more likely to experience depression,
anxiety, social isolation, lower life quality and are less capable to attend school. Mounting
evidence indicates that mast cell (MC) regulated signalling pathways are essential mediators of
pain, and treatment with MC stabilizers has been reported to improve pain. We thus hypothesized
that treatment with ketotifen fumarate (KF), a MC stabilizer and non-competitive histamine

antagonist (H1-receptor), may be beneficial for the overall well-being of patients with CWP.

Objectives: To test the effect of KF on the global health status of teenagers with CWP after 16
weeks of treatment. Our secondary goal was to test its effect on pain-related and physical and
emotional functioning measures. We also explored if a response to treatment with KF correlates

with MC activity, as determined by plasma levels of histamine and tryptase.

Methods: We conducted a proof-of-concept randomized, placebo-controlled, double-blinded,
parallel trial of KF (6 mg/day) to treat CWP in 44 teenagers (age 12-19 years; 11 dropouts; n=33).
At baseline and follow up visits 4, 8, 12, and 16 weeks later, patients answered surveys on their
global health status and their pain intensity and duration, pain-related disability, mood, and sleep
quality. Blood samples were collected at baseline and histamine and tryptase plasma levels were
determined using ELISA. We used the Mann-Whitney U test to test the effect of treatment on the
study outcomes (0=0.05). We also used the Kruskal-Wallis test to test for repeated measure
differences between groups. We used the Wilcoxon Rank Sum Test to compare baseline and week
16 outcomes within groups. We used quantile regression to determine if baseline plasma levels of

histamine or tryptase predict study outcomes at week 16.



Results: After 16 weeks of treatment, the global health status (primary outcome), pain intensity
(except in borderline average pain intensity (p = 0.05)) and duration, pain-related disability, mood,
and sleep quality measures of the KF group were not different from those of the placebo group.
There were no group differences when considering measures assessed at all study visits. Within-
group analyses revealed that the KF group displayed improvements in their pain-related disability
(P-value = 0.008), anxiety (P-value = 0.001), and anxiety and depression (P-value = 0.000), while
the placebo group displayed improvements in their average pain index (P-value = 0.027) and, pain-
related disability (P-value = 0.033). We also found a significant effect of baseline histamine levels
on average pain intensity (P-value = 0.032) of the KF group, such that higher levels predicted
lower average pain intensity after 16 weeks of treatment. Tryptase levels did not predict any of the

study outcomes.

Conclusion: Treatment with KF for 16 weeks at 6 mg/day does not improve the global health
status, pain intensity and duration, pain-related disability, mood, and sleep quality compared to
treatment with placebo. Nonetheless, our findings that higher baseline levels of histamine predict
lower average pain intensity and duration at the end of treatment in the KF group could suggest

that this effect is due to the MC-stabilizing effect of KF.



Résumé

Contexte: La douleur chronique généralisée (DCG) est une douleur idiopathique qui touche 6—
20% de la population pédiatrique. Les enfants atteints de DCG sont plus susceptibles de souffrir
de dépression, d'anxiété, d'isolement social, d'une qualité de vie inférieure et ils sont moins
capables d'aller & I'école. En outre, 1l y a des évidences qui indiquent que les voies de signalisation
régulées par les mastocytes sont des médiateurs essentiels de la douleur, et il a été prouvé que le
traitement avec des stabilisateurs des mastocytes améliore la douleur. Nous avons donc émis
I'nypothése que le traitement par le fumarate de kétotifene (KF), qui est un stabilisateur des
mastocyteset un antagoniste non compétitif de I'histamine (récepteur H1), pourrait étre bénéfique

sur 1’états général des patients de la DCG.

Objectifs: Examiner I'effet du KF sur I'état de santé global des adolescents avec la DCG apreés 16
semaines du traitement. Notre objectif secondaire était de tester I’effet du KFsur les mesures liées
a la douleur et au fonctionnement physique et émotionnel. Nous avons également exploreé si la
réponse au traitement par KF était corrélée a l'activité des mastocytes, tels que déterminé par les

concentrations plasmatiques de I’histamine et de la tryptase.

Meéthodes: Nous avons mené un essai de preuve de concept randomisé, contrdlé par placebo, en
double aveugle et parallele du KF (6 mg/jour) pour traiter la DCG chez 44 adolescents (agés de 12
a 19 ans ; 11 abandons ; n = 33). Lors des visites de référence et de suivi 4, 8, 12 et 16 semaines
plus tard, les patients ont répondu aux questionnaires concernant leur états de santé global,
I’intensité et la durée de la douleur, l'incapacité liée a la douleur, I'humeur et la qualité du sommeil.
Des échantillons de sang ont été prélevés au début de 1’étude et les concentrations plasmatiques de

I’histamine et de la tryptase ont été mesurées par ELISA. Nous avons utilisé le test U de Mann-



Whitney pour tester l'effet du traitement sur les résultats de I'étude (o = 0,05). Nous avons
également utilisé le test de Kruskal-Wallis pour tester les différences de mesures répétees entre les
groupes. Nous avons utilisé le test Wilcoxon Rank Sum pour comparer les résultats au debut de
I’étude et a la semaine 16 au sein des groupes. Nous avons utilisé la régression quantile pour
déterminer si les concentrations plasmatiques initialles de I’histamine ou de la tryptase prédisent

les résultats de I'étude a la semaine 16.

Résultats: Aprés 16 semaines du traitement, I'état de santé global (résultat principal), I'intensité et
la durée (sauf en cas d'intensité de douleur moyenne limite (p = 0,05)) de la douleur, I'incapacité
liée a la douleur, I'numeur et les mesures de la qualité du sommeil du groupe KF n'étaient pas
différents de ceux du groupe placebo. En plus, Il n'y avait aucune différence entre les groupes lors
de I'examen des mesures évaluées a toutes les visites d'étude. Cependant, les analyses au sein des
groupes ont révelé que le groupe KF présentait des améliorations de son incapacité liée a la douleur
(valeur P = 0,008), de I'anxiété (valeur P = 0,001) et de I'anxiété et de la dépression (valeur P =
0,000), tandis que le groupe placebo présentait une amélioration de 1’indice de douleur moyen
(valeur P = 0,027) et de I'incapacité liée a la douleur (valeur P = 0,033). Nous avons également
trouvé un effet significatif des niveaux d'histamine de base sur l'intensité moyenne de la douleur
(valeur P =0,032) du groupe KF, disant que les niveaux plus élevés de I’histamine ont prédit une
intensité moyenne de la douleur et un indice aprés 16 semaines de traitement. Par contre, les

niveaux de tryptase n'ont prédit aucun des résultats de I'étude.

Conclusions: Le traitement par KF pendant 16 semaines a 6 mg/jour n'améliore pas I'état de santé
global, I'intensité et la durée de la douleur, I'incapacité liée a la douleur, I'hnumeur et la qualité du

sommeil par rapport au traitement par placebo. Néanmoins, nos découvertes que les niveaux de



base de I’histamine plus €levés prédisent une intensité et une durée moyennes de la douleur plus
faibles a la fin du traitement dans le groupe KF pourraient suggeérer que cet effet est di a I'effet

MC-stabilisateur de KF.
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Preface

This thesis follows a traditional monography style. As per McGill University standards,
the thesis is logically-coherent and has a unified theme. This thesis discusses a novel project on
the effect of treatment with ketotifen fumarate, as a mast cell stabilizer,- on chronic widespread
pain in a population of pediatric patients. This thesis includes a literature review section about
pain, the epidemiology and pathophysiology of chronic widespread pain, mast cells and pain, and
how ketotifen fumarate has been previously used to manage pain. The following section includes
thesis objectives, methods and results. Finally, the last sections present a discussion of our
findings, including limitations, and a conclusion.

Multiple authors have contributed to this thesis’ work; a recognizable appreciation of each

author’s contribution is mentioned in the following section.
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1. Introduction

1.1. Pain
According to the International Association for the Study of Pain (IASP) 2020, pain is defined
as "an unpleasant sensory and emotional experience associated with, or resembling that associated

with, actual or potential tissue damage™!.

Based on duration, pain can be classified as acute or chronic?. Acute pain is a short-term pain
that is due to an injury, trauma, or disease and lasts less than three months. Chronic pain lasts more
than three months and often leads to disability, and is associated with various psychological
comorbidities’>*. There are two major broad categories of chronic pain according to the
International Classification of Diseases (ICD-11): chronic primary pain, in which pain cannot be
explained by an underlying pathology (e.g., chronic widespread pain (CWP), complex regional
pain syndrome, and chronic primary musculoskeletal pain)®; and chronic secondary pain, which
can be attributed to an underlying cause (e.g., chronic diabetic neuropathy, chronic postsurgical,
and posttraumatic pain)®. Three distinct patterns of anatomic distribution of chronic pain are
generally recognized®: localized, when pain is localized to a particular body site (e.g., hip, knee,
face); regional, when pain is limited to a particular body quadrant (upper, lower, right or left); and
widespread, when pain is felt in all four quadrants of the body. Based on pathophysiology, pain
can be additionally classified as nociceptive, nociplastic, and neuropathic. Nociceptive pain is a
natural body reaction that results from damaged tissues like internal organs, muscles and bones?.
Nociplastic pain is “pain that arises from altered nociception despite no clear evidence of actual or
threatened tissue damage causing the activation of peripheral nociceptors or evidence for disease
or lesion of the somatosensory system causing the pain”!. Chronic pain conditions like

fibromyalgia (FM), complex regional pain syndrome, and irritable bowel syndrome (IBS) are
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reported as nociplastic pain conditions’. Neuropathic pain is attributed to disease, damage, or
lesion of the somatosensory nervous system. It can occur in the central or peripheral nervous

system??8,

Untreated pain has a significant impact on quality of life, including effects on sleep, cognitive
processes, brain function, mental health, cardiovascular health, and sexual function®. Hence,
developing treatment strategies that help relieve pain is critical to better the quality of life of
patients living with pain.

1.2. Chronic widespread pain in adolescents

CWP is characterized by long-lasting pain in all four quadrants of the body, which is believed
to be due to central sensitization'®-13, CWP is often accompanied by other physical symptoms such
as fatigue, concentration problems, and psychological distress!®. CWP is a central feature of FM,
often referred to as juvenile fibromyalgia syndrome (JFS) when it affects the pediatric population.
Individuals with JFS are less physically active, report reduced quality of life, and struggle with

school attendance?’3%-

Chronic pain in children is a growing clinical concern, with disturbingly high incidence rates
identified in some communities'*. Approximately 10% to 12% of the pediatric population lives
with chronic pain'®-3, The prevalence of CWP in the pediatric population seems to vary depending
on the region and classification criteria adopted by the study. In one of the earliest studies to report
the prevalence of FM in the pediatric population, Buskila et al. found a JFS prevalence of 6.2%.
in Israelian children (9 and 15 years old)®. In a prospective study, Mikkelson et al. investigated
the new-onset and the persistence/reoccurrence of widespread pain among school children in
Finland. At the 1- and 4-year follow-ups, 31% and 30% of children who had CWP at baseline

reported persistence/recurrence of symptoms, respectively. At the 1-year follow-up, 18% of
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children who were free of CWP at baseline had new-onset CWP, and 3% still experienced
symptoms at the 4-year follow-up. also in this study, widespread pain prevalence increased with
age, being 7% in children aged 0-10 years, 9% in those aged 11-13 years, and 15% in those aged
14-16 years'®. Another cross-sectional study by Haraldstad et al. with Norwegian children aged 8-
18 years found a chronic widespread pain prevalence of 21%. They observed that pain prevalence
increased with age and that girls reported more disrupted sleep, lack of appetite and medication
usage than boys'’. In a large cross-sectional study conducted on Norwegian adolescents aged 13-
19 years, Skrove et al. reported the prevalence of high-impact chronic multisite pain to be 11.4%
among girls and 3.8% among boys*®. Using questionnaire-derived pain data of individuals aged
17 years old participating in a prospective population-based birth cohort in the UK, Norris et al.
reported a CWP prevalence of 4.5%, with females being twice as likely as males to have CWP?°.
Using a validated algorithm for identifying CWP status from primary care electronic healthcare
records of the pediatric population, Somayajula et al. reported a 3.19% five-year prevalence of
CWP among UK children, with prevalence increasing by age group (8 to 11 years: 1.49%; 12 to
14 years: 3.48%; and 15 to 18 years: 4.74%)%. Despite variations in the above-mentioned
prevalence rates, it seems clear that the risk of having CWP increases with age, a fact noted as

early as 1987 by Yunus & Masi®.

Childhood pain is not a one-time occurrence and should be appropriately cared for, as
evidence suggests that it increases the risk of chronic pain in adulthood??. Moreover, childhood
pain causes physical and emotional difficulties not only for the children themselves but also for
their families. These difficulties stem from social and psychological problems such as
psychological distress, psychological vulnerability, and anxiety®’. In addition, chronic pain also

affects patients and their families on a financial level*® The overall health care expenses to treat
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teenagers with moderate-to-severe chronic pain in the United States have been estimated at
approximately $19.5 billion per year?. As such, the development of effective pain treatment
options for children is urgently needed and may not only limit the overall impact of pain on patients

and their families lives but also limit patients’ risk of developing chronic pain at later stages in

life.

1.3. Pathophysiology of chronic widespread pain

CWP can sometimes be attributed to other disorders, such as autoimmune disorders, sickle
cell disease, or osteoarthritis?*. In this case, it is referred to as secondary CWP and discussing its
pathophysiology is beyond the scope of this thesis. Patients with primary CWP, however, report
pain and other somatic symptoms that cannot be adequately explained by any other disorder or any
apparent damage or inflammation in peripheral tissues, and its pathophysiology are only partly
understood. Strong evidence led to a consensus that CWP is linked to a fundamental problem of
augmented pain or sensory processing in the central nervous system (CNS). This evidence includes
but is not limited to, the nature of pain, which affects multiple body sites and also presents itself
in the form of diffuse hyperalgesia (increased pain to normally painful stimuli) and/or allodynia
(pain to normally nonpainful stimuli), and the decreased threshold to other noxious (e.g., heat,
cold, electrical)?>28 and sensory (e.g., sound)?®-3! stimuli. Moreover, CWP is often comorbid with
fatigue, memory difficulties, sleep and/or mood disorders, which are also CNS-mediated
symptoms.

Findings from imaging studies further substantiate the involvement of CNS-mediated pain
amplification in CWP. For instance, functional magnetic resonance (fMRI) studies have shown
that FM patients display an increased volume in regions that process pain, including the insula and

the secondary somatosensory cortices®*-34. Furthermore, studies employing methods that quantify
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the connections between different brain regions have shown an increase in the connectivity
between the default mode network (i.e., interconnected brain regions that are active when a person
is resting) and the insula in individuals with FM3>% that has been reported to correlate with pain

intensity®’.

While there is inconclusive evidence that a CNS-mediated phenomenon known as temporal
summation, in which the sensation of pain increases with repeated stimulation with the same
painful stimulus (i.e., same location, intensity), is increased in individuals with FM compared to
pain-free controls, there seems to have consistent evidence that decreased conditioned pain
modulation (CPM) is considerably more common in people with FM. CPM is a centrally-mediated
phenomenon that produces analgesia by recruiting the descending pain inhibition system involving
the periaqueductal grey and the rostral ventromedial medulla®®. Its analgesic effect can be
measured by applying a painful stimulus to a body part and asking study participants to rate their
pain intensity. A second painful stimulus is then applied (normally by submerging the person’s
arm in a cold water bath or applying a pressure calf to their arm), followed by a third stimulus with
the same location and intensity as the first. Individuals with FM consistently display a decreased
capacity to inhibit their pain, as determined by a lower reduction in their pain ratings to the third
stimulus compared to healthy controls?®3°. CPM has been reported to be attenuated in individuals
living with other types of chronic pain as well?>**3, Consistent with these findings, an fMRI-
based study investigating the connectivity between different brain regions in individuals with and
without FM has reported a reduced connection between regions involved in the descending

inhibitory system®.

Additionally, studies that quantified different neurotransmitters in people with FM have found

differences compared to pain-free controls. Early in the 1990s, studies found that the excitatory
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substance P (SP) was increased in the cerebral spinal fluid of people with FM**. More recently,
glutamate — another excitatory neurotransmitter — has been found to be increased in the CNS of
FM patients, including in the insula®*->!. Unfortunately, patients do not seem to tolerate well
treatment with ketamine, dextromethorphan, or memantine, which are N-methyl-d-aspartate
(NMDA) glutamate receptor antagonists®>>°. The neurotransmitters most consistently implicated
in FM likely are serotonin and norepinephrine. Elevation of their levels with treatment with
serotonin-norepinephrine reuptake inhibitors (SNRIs; e.g., tricyclic antidepressants, duloxetine,
milnacipran, tramadol) have shown beneficial effects for FM and other chronic pain patients in
many clinical studies, which is believed to be in part due to the restoration of descending analgesic
activity?*>®. Moreover, resting-state functional connectivity randomized, placebo-controlled,
cross-over clinical trial of the SNRI milnacipran found that individuals with FM with lower
baseline functional connectivity between pro-nociceptive (i.e., the rostral part of the anterior
cingulate cortex and the insula) and antinociceptive (i.e., the periaqueductal gray and the insula)

brain regions had the greatest reduction in clinical pain.

While central amplification of pain certainly partly underlies the pathophysiology of CWP, |
must note that there is also evidence of a peripheral neural component in FM, with different studies
that biopsied the skin of FM patients reporting they have less epidermal nerve fibres in their skin

compared to controls®"¢*,

It is also becoming increasingly evident that the immune system plays a pathophysiological
role in CWP. Cytokines are small proteins produced and secreted mainly by immune cells that
control the activity of other immune systems and are crucial for adequate immune and
inflammatory responses. Imbalances in the levels of circulating cytokines have been reported in

individuals with CWP compared to pain-free controls®?-%®, as well as in the levels of cytokines
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produced by stimulated and unstimulated cultures of peripheral blood mononuclear cells (PBMCs)
of individuals with CWP®285-70 Interestingly, a study has investigated the expression of the pro-
inflammatory cytokines interleukin (IL)-1beta, IL-6, and tumour necrosis factor (TNF)-a in skin
biopsies of 53 women with FM and 10 age- and sex-matched controls. They detected IL-1beta, IL-
6m and TNF-a in the biopsies of approximately 30% of patients, while in none of the biopsies
from controls’*. When comparing different cytokine genes expression in the peripheral blood of
individuals with CWP and pain-free controls, Uceyler found that those with CWP expressed
significantly less IL-4 and IL-10. These findings were consistent with their protein findings, as the
concentration of IL-4 and IL-10 in the serum of CWP patients was also significantly reduced
compared to controls®*. In line with this, Behm et al. collected PBMCs from 110 FM patients and
91 healthy controls and found that, when stimulated, PBMCs from FM cells produced significantly
fewer Interferons- y (IFN-y), IL-5, IL-6, IL-8, IL-10, Macrophage inflammatory protein-1p (MIP-
1B), Monocyte chemoattractant protein-1 (MCP-1), and MIP-1a than controls. This suggests that
cell-mediated immunity may be impaired in people with CWP. Another study that assessed
differentially expressed genes in women with and without FM identified that the B-cell
development and primary immunodeficiency signaling pathways were linked to FM. Pathways

related to homeostasis were also linked to FM"2,

Imbalances in the subpopulations of immune cells in individuals with and without CWP have
also been reported. In 1994, Hernanz et al. used flow cytometry to compare lymphocyte
subpopulations in 65 patients with FM and 56 controls. They found a decrease in the number of T
cells expressing the activation markers CD69 and CD25 in FM patients, suggesting a defective T
cell activation system in FM"3. Macedo et al. have reported an increased expression of cell

adhesion molecules on neutrophils and monocytes of individuals with FM compared to controls’.
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Recently, Verma et al. have used multiparametric flow cytometry to unbiasedly evaluate immune
cell subsets on PBMCs of individuals with and without FM. They have found that the major
circulating subsets of natural Killer (NK) cells were less frequent in FM patients, with a more
pronounced reduction in the subset of CD56°" NK cells that are known for their inflammatory and
immune-regulatory functions™ '8, DNA and RNA analysis of PBMC cells also have revealed an
enrichment of cell activation pathways driven by NK cells in FM patients. These findings were
further substantiated by the detection of an increased expression of an NK activation ligand on
subepidermal nerves and by the presence of NK cells near peripheral nerves in skin biopsies of

FM patients’’.

Collectively, studies mentioned in this section highlight the complex and heterogeneous
pathophysiology of CWP that likely explains the difficulty in achieving effective and sustainable

pain relief for CWP patients.

1.4. Mast cells and pain

Canonically recognized as effectors in IgE-mediated immediate type | hypersensitivity and in
allergic responses such as asthma’®, mast cells (MCs) are immune cells derived from multipotent
hematopoietic progenitor cells in the bone marrow that express CD34/CD1177°. They pass through
the blood wall and infiltrate tissues like skin, mucous membranes, respiratory, gastrointestinal
tracts, peritoneal cavity and meninges where they reside’®. MCs are found in both the peripheral
nervous system (PNS) and the CNS, especially in the spinal cord and thalamus®®. Of particular
relevance to this thesis is the fact that MCs seem to have essential roles in the regulation of

physiological and pathological pain pathways®:.

MCs contain granules filled with different types of mediators that are released upon activation

and can directly (i.e., by activating nerve terminals) and/or indirectly (i.e., by initiating an
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inflammatory response and cascade of immune-related events) cause pain. This includes the
biogenic amines histamine and serotonin, enzymes (acid hydrolases, phospholipases, chymase,
tryptase and different proteases), cytokines [IL-1 to IL-6, IFN, transforming growth factor (TGF),
granulocyte-macrophage colony-stimulating element, leukaemia inhibitory factor, tumour
necrosis factor (TNF)], chemokines, neurotoxic chemicals, lipid metabolites (leukotrienes,
prostaglandins, platelet-activating factor), adenosine triphosphate (ATP), neuropeptides (SP,
vasoactive intestinal peptide), growth factors (e.g., nerve growth factor — NGF), and nitric

oxide8283,

The contribution of MCs to pain seems to be multileveled. An interesting initial observation
is a fact that the scientific literature is replete with studies reporting the co-occurrence of different
chronic idiopathic pain conditions®2, including FM®, and asthma — which pathophysiology is
largely linked to MCs®. Moreover, several clinical studies have linked the activation and/or
abundance of MCs to painful conditions including migraine®®, chronic pelvic pain syndrome®,
complex regional pain syndrome®*, vulvodynia®°% gastrointestinal inflammatory illnesses®"—°,
endometriosis'®, and FM, Pre-clinical studies have also shown a role for MCs in thermal and

mechanical hyperalgesia'®>1%, migraine'®”-1%, pelvic pain''°, and postoperative pain'tt-113114-118

Specifically, in one of the clinical studies, the authors have investigated migraine patients
(n=18) during headache attacks. They have found elevated plasma histamine levels during the
attacks and in symptom-free periods and suggested that MC-activation may play a role in the onset
of migraine®. Done et al. have focused on the role of MCs and NGF in chronic pelvic pain. In this
study, they found increased levels of tryptase and NGF in expressed prostatic secretions of patients
with chronic pelvic pain compared to healthy controls. In parallel, they conducted a pre-clinical

study using an experimental autoimmune prostatitis model and MC-deficient mice (Kit"=s"/ Kit"-
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sh), Compared to naive animals, the prostate of mice with induced autoimmune prostatitis displayed
an increase in the number of and in the activations of MCs that were linked to pelvic pain
behaviour. Among mice with induced autoimmune prostatitis, MC-deficient mice showed
attenuated pelvic pain behaviour and reduced concentration of intraprostatic nerve growth factor.
Treatment of these mice with a mast cell stabilizer combined with a histamine 1 receptor antagonist
resulted in a synergistic decrease in chronic pelvic pain. The authors have then suggested that MCs

may mediate chronic pelvic and may represent potential targets for therapeutic intervention®,

In a study aimed at characterizing early complex regional pain syndrome (CRPS)-like features
in 43 patients who underwent elective hand and wrist surgery followed by several weeks of cast
immobilization (a set of factors known to predispose patients to develop CRPS), Pepper et al. have
found an increase in tryptase expression in skin biopsies collected after removal of the casts. They
have suggested that MCs may play a role in CRPS, as the biochemical changes in the skin of
patients after hand/wrist surgery and immobilization are similar to those observed in CRPS

patients®'®.

An increased number of MCs and increased MC-degranulation have been detected in
vulvodynia®®6120, Bornstein et al. have immunostained the vestibular tissue of 40 women with
severe vestibulitis and 7 healthy controls for MCs and tryptase. They have found an increase in
the number of MCs and tryptase in patients compared to controls. Notably, they have also reported
a 10-fold increase in the total nerve fibre area in vestibulitis patients that positively correlated with
the number of MCs®. In a subsequent study to examine the relationship between vestibular
hyperinnervation and MCs function in localized vulvodynia, Bornstein et al. have immunostained
vestibular tissue from 7 women with severe localized vulvodynia and 7 healthy controls. They

have found that women's vulvodynia display an increased number of MCs, increased subepithelial
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heparanase (an enzyme secreted by MCs), and increased intraepithelial hyper-innervation
compared to controls. The authors have speculated that heparanase secretion by MCs may be
implicated in the pathophysiology of vulvodynia, as heparanase is capable of degrading the
vestibular stroma and epithelial basement membrane, thereby permitting stromal proliferation and
intraepithelial extension of nerve fibers®. Goetsch et al. collected skin biopsies of tender and non-
tender vestibular sites from 10 primary and 10 secondary vulvodynia patients, as well as 4 pain-
free controls. They have found a greater density of MCs in tender sites of patients with vulvodynia
(whether primary or secondary) compared to controls. Notably, there were no differences among

groups in the nontender sites*?°.

With the goal of detecting and quantifying MCs in peritoneal, ovarian, and deep infiltrating
endometriosis and of studying the relationship between MCs and nerves in endometriosis, Anaf et
al. have obtained 69 biopsies from women who underwent laparoscopic excision of endometriosis
due to pain and 37 biopsies of normal uterine tissue. Using immunohistochemistry for chymase
and tryptase, they have found that MCs and degranulating MCs are more abundant in
endometriotic than in normal uterine tissues. Notably, they also have found a greater number of
MCs and of degranulating MCs in deep infiltrating lesions, which also displayed MCs in closer
proximity to nerves than peritoneal and ovarian lesions. As patients with deep infiltrating lesions
also reported increased pain scores for dysmenorrhea, deep dyspareunia, and rectalgia than those
with peritoneal and ovarian lesions, the authors speculated that MC-released mediators may
contribute to the pain and hyperalgesia in endometriosis by directly affecting neurons, especially

in deep infiltrating lesions®.

The link between MCs and gastrointestinal inflammatory conditions has been consistently

shown®’. Of note, Henderson et al. have collected and immunostained gastrointestinal mucosa
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biopsies of children (mean age: 11.9 + 2.9 years) with non-inflammatory bowel disease (i.e.,
irritable bowel syndrome or functional abdominal pain; n=26) and inflammatory bowel disease
(n=22) for IL-6, MCs, enterochromaffin cells, 5-hydroxytryptamine, and SP. Interestingly, they
have found a borderline significant increase in the number of MCs among children with the non-
inflammatory disease subtype and stated that their findings further substantiate the involvement of

MCs in pediatric functional gastrointestinal disorders®®.

In a study that collected skin tissue sections from a cohort of 63 FM patients and 49 matched
controls from the general population, Blanco et al. have reported a robust increase in the number
of MCs in the papillary dermis of FM compared to controls and concluded that FM may be a MC-

associated condition and a potential target for the development of therapeutics?.

These observations have prompted pre-clinical researchers to develop MC-focused models of
pain syndromes in rodents to better understand pain’s underlying processes. With little previous
evidence on the direct effect of MC degranulation on pain, Chatterjea et al. have investigated if
inducing MC degranulation with compound 48/80 (c48/80) could produce thermal hyperalgesia,
edema, and neutrophil influx in mice. They have found that plantar injection of c48/80 causing
MC degranulation leads to both thermal hyperalgesia and tissue edema, and that hyperalgesia is
mediated by local neutrophil infiltration. Using the histamine-1 and -3/4 receptor antagonists
diphenhydramine and thioperamide, respectively, significantly reduced c48/80-induced thermal
hyperalgesia and partially blocked tissue edema. Further highlighting the direct role of MCs on
pain, plantar MC reconstitution restored hyperalgesia and tissue edema in MC-deficient (Kit"V"/

KitV-s") micel®?,

Based on findings from previous studies suggesting that MC-released inflammatory molecules

stimulate meningeal nociceptors to promote a prolonged migraine headache?*'??, Levy et al. have
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investigated whether MC degranulation can promote prolonged activation of meningeal
nociceptors. Using in vivo electrophysiological recording of meningeal nociceptors and
immunocytochemical labeling of activated meningeal nociceptors, the authors have provided the
first evidence that MC degranulation per se can cause long-lasting excitation of primary afferent
nociceptors. Interestingly, the immediate induction of neuronal excitation induced by MC
degranulation with c48/80 was completely blocked by depleting the dural MC content, and by
pretreatment with the MC stabilizer sodium cromoglycate (SCG)!’. In a subsequent study, the
same research group has examined whether MC degranulation can also lead to the activation of
pain pathways that originate in other body regions. They have found that intraperitoneal injection
of the MC secretagogue ¢48/80 induces MC degranulation in the dura matter, hind paw skin, and
bladder of rats that are blocked by pretreatment with SCG. To provide additional evidence of the
MC-induced activation of pain pathways, they also have checked for the expression of c-fos, a
marker of neural activation (including nociceptor activation) in spinal dorsal horn neurons.
Surprisingly, c-fos expression was increased only at two rostrocaudal levels: the medullary/C2
level and the caudal lumbar/rostral sacral level (L6-S2). These findings were paralleled by a
simultaneous increase in tactile pain hypersensitivity in all areas tested that was blocked by
pretreatment with SCG. The authors have suggested that MC degranulation is a nociceptive
stimulus that leads to the development of tactile pain hypersensitivity that is mediated by spinal
processes®®. Based on previous studies showing that the pituitary adenylate cyclase-activating
peptide-38 (PACAP-38) can effectively cause headache and migraine and long-lasting skin
flushing and dilatation of the superficial temporal artery*?® in humans, which are symptoms
consistent with MC activation, Baun et al. have investigated if PACAP-38 and related peptides

can induce MC degranulation in mice. They have found that PACAP-38 (most potently) and other
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related peptides induce concentration-dependent MC degranulation in the dura mater and
suggested that this points to MC degranulation as a major contributor to PACAP-38 triggered

migraine'®,

Pre-clinical studies have also implicated MCs in pelvic pain. Using an established murine
model that injects the attenuated Bartha's strain of pseudorabies virus (PRV) in mice to produce
symptoms consistent with interstitial cystitis, including lamina propria MC accumulation and
pelvic pain,!101241% Rydick et al. have examined whether MCs mediate pelvic pain directly.
Contrarily to wild-type mice, MC-deficient (Kit"V"/Kit"=") mice did not develop symptoms of
cystitis following infection with PRV. Notably, PRV-induced pelvic pain was fully restored in
MC-deficient mice following MC reconstitution by transfusion with wild-type mice bone marrow.

These findings indicate a role for MCs in pelvic pain*'°.

MCs have also been implicated in post-surgical pain. Oliveira et al. have studied the role of
MCs in postoperative pain by inducing MC degranulation by plantar surgery. Degranulation was
confirmed by the high levels of histamine and serotonin in the perfused tissue 1-hour post-surgery.
As result, animals developed mechanical allodynia that was averted by pre-treatment with the MC
stabilizer SCG. Additionally, local therapy with histamine-1, -3, or -2A receptor antagonists were
able to reduce postoperative nociception in mice but completely reversed mechanical allodynia in
operated animals when administered collectively. Importantly, local depletion of MCs with c48/80
before surgery significantly prevented the development of post-surgical pain and the levels of
histamine and serotonin in the tissue'!. Yasuda et al. have investigated the role of MCs in
postoperative pain through an incision in the hind paw of BALB/c mice. The MC stabilizer SCG
was administered before paw incision, and three types of postoperative pain responses (i.e.,

guarding behaviour, mechanical allodynia, and heat hypersensitivity) were measured at 1, 2, and
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7 days after the incision. They observed that, compared to animals treated with saline, SCG-treated
animals displayed reduced guarding behavior and greater withdrawal threshold to mechanical

stimulation on days 1, 2, and 7. SCG does not affect withdrawal latency to heat*2,

Taken altogether, the clinical and pre-clinical evidence indicate that MCs-regulated pathways
as significant mediators of pain and that therapies targeting MCs may relieve pain in individuals
living with pain.

1.5. Ketotifen fumarate: a MC stabilizer

The MC stabilizer ketotifen fumarate (KF) is a benzocycloheptathiophene derivative!? and a
non-competitive histamine antagonist (H1-receptor antagonist)!?’. It is commonly used orally for
the prophylactic management of asthma in geriatric and paediatric patients. It is also used in
allergic conditions like rhinitis and conjunctivitis'?’, reactive airway diseases!?®1?8 pronchial

asthma'?®, and MC-mediated disorders like urticaria?®1%2,

A few clinical studies have been conducted to examine the effect of treatment with KF on
pain-related conditions. Riccardi has conducted an open-label (n=25) and a double-blind trial
(n=27) of KF (2-4 mg/day) for the treatment of neurofibroma-associated itching and pain.
Symptoms were assessed using a 1-10 scale at baseline, during and after treatment, which length
varied among patients. Regardless of the study design, Riccardi has reported a decrease in the
score of itching and pain during treatment that were increased after treatment and suggested that
interference with MC function is a realistic approach to the treatment of itching and pain associated

with neurofibromas®®?,

Rosas et al. have reported cases of two individuals with eosinophilic colitis with symptoms of
diarrhea, abdominal pain, and gastrointestinal bleeding that were treated with KF and displayed an

improvement in symptoms, including pain'3*. Bolukbas et al. also have reported a case of
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eosinophilic gastroenteritis mimicking abdominal emergency that was treated with KF and

achieved dramatic improvements!3®

. Additionally, Freeman has also reported a case of
eosinophilic gastroenteritis with abdominal pain that was treated with KF and followed for over
20 years. Notably, treatment with KF provided symptom relief that promptly relapsed if the drug

was discontinued®36,

Klooker et al. conducted a randomized controlled, double-blind, placebo-controlled trial
(n=60) study to investigate the effect of 8-week treatment with KF (up to 6 mg/twice daily) on
rectal sensitivity of patients with IBS. Other IBS-related symptoms and quality of life were also
assessed before and after treatment. They observed that the group treated with KF reported a post-
treatment increase in the threshold of rectal discomfort in patients with IBS with visceral
hypersensitivity (and not in normosensitive patients with IBS), ameliorated abdominal pain,
bloating, gas, diarrhoea, and incomplete evacuation, and improved quality of life. Despite these
beneficial effects, the MC number and spontaneous release of tryptase in rectal biopsies of IBS
patients were lower than in healthy volunteers, and the spontaneous release of histamine was
mostly undetectable. Moreover, the spontaneous release of histamine and tryptase levels were not
affected by treatment with KF. The authors suggested mechanisms of action independent of
tryptase and histamine, such as KF-induced histamine-1 receptor blockade, may explain the

beneficial effects seem with KF treatment?’.

Based on studies showing that FM patients have increased MCs in their skin compared to
controls, Ang et al. have conducted a 10-week randomized, double-blind, placebo-controlled trial
of KF (4 mg/day) for the treatment of FM symptoms (nkr=24; npLaceso=27). Contrarily to what
they expected, individuals treated with KF did not exhibit a larger reduction in pressure

hyperalgesia, average weekly pain intensity, or greater improvement in the severity of FM
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symptoms compared to those who received a placebo. The authors argued that their results might
be explained by a lack of sufficient MC stabilization due to the short treatment period (10 weeks)
and/or low KF dose employed, or by their reduced sample size. Of note, no skin or blood samples

were collected in this study to investigate the direct effects of KF on peripheral MCs*3,

Preclinical studies have shown that pre-treatment with KF can reverse pain in inflammatory***
and postoperative pain models'!?, Anoush et al. have treated Sprague-Dawley male rats
intraperitoneally with KF, saline, or diclofenac, followed by the injection of their hind paw with
formalin or carrageenan to induce inflammatory pain. Paw edema was assessed hourly for 4 hours
and pain behavior was recorded every 15 seconds for 60 minutes. KF significantly reduced paw
edema starting at 2-hours post-injection like diclofenac. No treatment effectively reduced pain
behavior immediately following injection, but KF overall significantly reduced pain throughout
the 60-minutes assessed compared to saline, again in a manner similar to diclofenac*®°. Oliveira et
al. have sought to investigate the role of the MC-released protease tryptase, a ligand of the
protease-activated receptor-2 (PAR-2), in postoperative pain in mice. Surgical pain was induced
with an incision in the plantar surface of the animal’s hind paw and effectively induced mechanical
pain that was prevented by MC depletion prior to surgery with c48/80. Pre-treatment with KF or
SCG reduced mechanical pain and spontaneous pain behavior, with the analgesic effect of KF
lasting longer than that of SCG. Pre-treatment with a tryptase inhibitor or a PAR-2 antagonist also
prevented the development of post-surgical mechanical pain and of spontaneous pain behavior.
Their findings reinforce that MCs have a critical role in postoperative pain and indicate that the
pretreatment with MC stabilizers, particularly KF, could be used clinically to prevent postoperative
paint'2, Massaad et al. have studied the effect of treatment with antagonists to SP, CGRP,

histamine (H)-1 or H-2 (MC-released inflammatory mediators), or with the MC stabilizer KF prior
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to the induction of paw inflammation with capsaicin on mechanical and thermal pain, as well as
on the levels of different cytokines (i.e., IL-1pB, IL-6, TNF-a and NGF). Pre-treatment with all
antagonists and with KF inhibited pain in a nearly dose-dependent manner. Additionally, pre-
treatment with the SP or H-2 antagonists or with KF prevented the upregulation of all cytokines,

while pre-treatment with the CGRP or H-1 antagonists prevented only the upregulation of NGF°,

Despite showing the pain-relieving effects of KF, these investigations did not investigate
whether such effects were MC-dependent. In this regard, a recent study by Meloto et al. has
investigated the effect of stabilizing MCs with KF on inflammatory (i.e., formalin or CFA-induced
inflammation) or neuropathic (i.e., spared nerve injury)-induced nocifensive behavior or
mechanical pain in wild-type and MC-deficient (Kit""/ Kit"-") mice. They have found that pre-
treatment with KF dose-dependently inhibits nocifensive behavior in wild-type mice following
formalin injection. Treatment with KF following inflammation induced by CFA significantly
reduced mechanical pain in wild-type but not in MC-deficient mice. Treatment with KF following
a neuropathic injury had no effect on pain. Importantly, their findings were supported by the report
of a case series of individuals with CWP who showed significant clinical improvements after
treatment with KF. The authors concluded that stabilizing MC with KF before and after
inflammation develops effectively reduces nocifensive behavior and mechanical pain,
respectively, in a MC-dependent manner. Combined with the report of a case series of patients
with CWP who achieved important clinical improvements after treatment with KF, they suggested
that clinical studies need to be conducted to test KF's efficacy in reducing pain in nonneuropathic

pain conditions®*.
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1.6. Gap in Knowledge

CWP is a complex pain condition whose pathophysiology remains to be fully understood.
Plentiful evidence supports the role of pain amplification at the CNS leve|?42532-4345-56.142 ‘NMore
recently, a peripheral component in the form of peripheral neuropathies has also been suggested®’-
61, Simultaneously, a growing body of evidence highlights the importance of the immune system
in the mechanisms underlying CWP83-69.72-74.140.141 "I that regard, MCs emerge as potentially
important mediators of pain. Firstly, many studies have demonstrated the comorbidity between
allergic conditions and different chronic pain conditions, including FM®285-87 MCs have also been
implicated in multiple clinical pain conditions®®°*-1%1 and their role in pain have been confirmed
in various pre-clinical studies!®®!'®, Of note, Meloto et al. have recently demonstrated that
stabilizing MCs with KF alleviates mechanical pain in mice in an MC-dependent manner and their
findings were paralleled by a case series of adolescents treated with KF who reported
improvements in pain and other chronic pain-associated symptoms'*!. The authors warranted the
conduction of clinical trials to confirm the potential analgesic use of KF, a drug normally used to
treat allergic conditions. Although Ang et al. has conducted such a trial, they were not able to
observe improvements in pain or the functional status in adults with FM but highlighted that their
negative results may have been due to a lack of sufficient MC stabilization due to the short
treatment period (10 weeks) and/or to the low KF dose employed'®. Therefore, here we have
sought to examine whether treatment with KF for a longer period and with a higher dose than that

used by Ang et al. can provide symptoms improvement to patients living with CWP.

1.7. Thesis objectives
The first objective of this project was to test the effect of treatment with KF on the overall

health status of teenagers with CWP. The second objective was to explore the effect of treatment
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with KF on pain-related and psychosocial measures of teenagers with CWP. Lastly, we also aimed
to correlate pre-treatment MC activity with overall health status and pain-related and psychosocial

measures after treatment with KF.

2. Methods

2.1. Study design and participants

This was a proof-of-concept, randomized, placebo-controlled, double-blind, parallel-group
clinical trial of KF to treat CWP in teenagers (n=44). All patients were recruited from the Chronic
Pain Service (CPS) at the Montreal Children’s Hospital (MCH). Study participants fulfilled the
following inclusion criteria: 1, Patients (male and female) aged 12 to 17 years; 2, Diffuse bodily
discomfort that had lasted at least three months and was accompanied by symptoms of exhaustion,
sleeping difficulty, cognitive difficulties, mood problems and at least one somatic symptom to
varying degrees, such as IBS, headaches, menstrual pain, lower urinary tract symptoms,
myofascial pain, and temporomandibular pain; 3, Physical examination within normal ranges
except for discomfort to pressure on soft tissues; (i.e. tactile hyperalgesia which is increased pain
following a painful stimulus); 4, Average whole body pain score of at least 4 out of 10; 5,
Functional Disability Inventory scores greater than 12 out of 60; 6, Stable dosages of their ongoing
treatments for a minimum of four weeks; 6, Not having substantial changes in their overall health
status (i.e., global impression of change scores less than 6) after 8 weeks of their ongoing therapy.
Participants were excluded from the study based if they met any of the following criteria: 1, Known
intolerance or allergy to KF; 2, Having been previously treated with another MC stabilizer; 3,
Cognitive impairment interfering with clinical examinations; 4, Diagnosed with rheumatoid
arthritis, systemic lupus erythematosus, scleroderma, and/or other connective tissue illnesses; 5,

Diagnosed with eczema (atopic dermatitis) or chronic urticaria (hives); 6, Diagnosed with
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schizophrenia or bipolar condition; 7, Coagulopathies or chronic thrombocytopenia; 8, If they
underwent an elective surgery during the time frame of the study; 9, Seizure history or current
seizure therapy; and 10, Presenting abnormal lab findings in the previous 6 months (e.g., increased
serum glutamic pyruvic transaminase and/or low platelet count, haemoglobin or hematocrit).

2.2. Procedures and measures

The study protocol was approved by Health Canada (control number 187113) and the McGill
University Health Centre (MUHC) Ethics Review Board (#15-207-MUHC). Eligible patients
attending the Chronic Pain Service (CPS) at the Montreal Children’s Hospital (MCH) were invited
to participate in the study. All participants and their parents or legal guardians have obtained an
explanation of the research aims and methods and the participant's parents or legal guardians have
signed the study’s informed consent form prior to joining the study. Participants were involved in
a total of five monthly study visits. Figure 1 displays a flowchart of the study design and
procedures.

2.2.1. Dose, timing and length of KF treatment

The effective dose of KF for the treatment of patients with CWP has not been established yet.
In our study, the starting dose (1 mg/day) has been chosen from the standard treatment for
adolescents with asthma®®®. The safety profile of KF on this dose has been largely evaluated over
the years'3. The maximum therapeutic dose (6 mg/day) significantly reduced itching, pain, and
tenderness, in patients with neurofibromatosis, with minimal adverse effects!®. As oral KF may
cause drowsiness early at the beginning of therapy, participants of our study have received 0,5 mg
KF BID (1 mg/day) in the first week of treatment, 1 mg BID (2 mg/day) during the second week,
2 mg BID (4 mg/day) in the third week and 3 mg BID (6 mg/day) in the fourth week and thereafter

until completing 16 weeks of treatment.
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As noted in a previous study**!, the therapeutic effects of KF may not be clinically evident
until several weeks after the initiation of therapy*®. Additionally, regulatory agencies generally
require that the treatment of confirmatory trials last for at least 12 weeks to establish the treatment
effect, and to provide a reasonable amount of time to assess safety and tolerability**®. Hence, this
study was set to last for 16 weeks.

2.2.2. Randomization and blinding

Randomization was performed by a research assistant not involved in clinical treatment or
data analysis using the online software (http//:www.randomization.com). We have used the
software’s first generator, which randomizes each subject to a single treatment by using the method
of randomly permuted blocks.

The MUHC pharmacy was responsible for blinding. All clinicians and researchers involved
in the recruitment, consent, data collection, experimental procedures and data analysis have
remained blinded to study group allocation for the duration of the study.

2.2.3. Study visits

At the baseline visit, participants answered the following surveys: the Patient Global
Impression of Change (PGIC; defined as our primary outcome); the Visual Analog Scale (VAS);
the Functional Disability Inventory (FDI); the Revised Child Anxiety and Depression Scale
(RCADS); and the Pittsburgh Sleep Quality Index (PSQI). They were also asked questions about
their pain duration and their current use of other pain medications. After that, participants
underwent a pressure pain test followed by blood collection. The next sections will describe the
surveys and procedures in detail. Following blood collection, participants were instructed to

proceed to the MUHC pharmacy to collect their pills. At the pharmacy, participants received four
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vials of pills (KF or placebo) for the first four weeks of treatment and were given clear instructions

on how many pills to take during the following 4 weeks.

On study visits, weeks 4, 8, 12, and 16 participants underwent the same procedures, except
for blood collection. At the pharmacy, they received pills for the next four weeks, except for visit

16, which marked the end of their participation in the study.
2.2.4. Study surveys

2.2.4.1. Patient’s Global Impression of Change (PGIC;14"143)

The primary end point of our study was the PGIC after 16 weeks of treatment with KF or
placebo. The PGIC is a rating scale that measures the change in patient life after single or multiple
interventions that offers a quick and simple method of quantifying clinical progress. The PGIC is
the most commonly used anchor-based method of assessing clinically important changes after
treatments and has been used extensively in studies of musculoskeletal conditions. The PGIC asks
patients to describe changes in limitation, symptoms, emotions and overall quality of life-related
to the treatment received. For our study, the PGIC has been displayed as in previous studies of

musculoskeletal pain:4°%

“Since beginning treatment, how would you describe the change (if any) in ACTIVITY
LIMITATIONS, SYMPTOMS, EMOTIONS and OVERALL QUALITY OF LIFE-related to your

painful condition?” (CHOOSE ONE).
1- No change (or condition has got worse)
2- Almost the same, hardly any change at all

3- A little better, but not a noticeable change at all
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4- Somewhat better, but the change has not made any real difference

5- Moderately better, and a slight but noticeable change

6- Better, and a definite improvement that has made a real and worthwhile difference
7- A great deal better, and a considerable improvement that has made all the difference

In the PGIC, the greater the score, the more improvement in the clinical conditions. Hence,

we have opted to use this measure as a continuous variable.

2.2.4.2. Pain intensity

Both self-report and behavioural pain measures have been created, validated, and widely
utilised in paediatric pain'®®. Here we have assessed pain intensity using the 0-100 numerical
rating scale (NRS), in which ‘0’ means ‘no pain at all’ and ‘100 means ‘the worst pain
imaginable’. Study participants were asked to use the NRS to rate the lowest, average and highest
pain intensity. In addition, participants were asked to specify what percent of their awaken day
they spent with the lowest, average and highest pain intensity. This allowed the generation of an
index termed as ‘pain index’, calculated as the product of the highest, average and lowest pain
intensity by their respective pain durations (in hours)*?.

2.2.4.3. Pressure pain sensitivity

Pressure pain thresholds (PPT) were assessed using a digital pressure algometer applied
bilaterally at the trapezius muscle. Specifically, a trained examiner applied a gradually increasing
amount of pressure and participants were instructed to say “pain” when they first felt that the
pressure sensation became painful. This procedure was repeated three times on each side, and the

participant’s PPT (in kg) was defined as the average of all six trials (three on the right and three
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on the left). PPTs have an inverse relationship with pain, meaning that the lowest the PPT, the

highest the pain sensitivity.

2.2.4.4. Physical and Emotional Functioning

2.2.4.4.1. Functional Disability Inventory (FDI; 1°2153)

The FDI has been used in a wide spectrum of pain disorders in children and adolescents™*-
157 The FDI has excellent internal consistency, moderate to high test-retest reliability, moderate
cross-informant (parent-child) reliability, and strong predictive validity**21*, The FDI is a 15-item
scale that assesses one’s difficulty in performing a wide variety of everyday physical activities,
including recreational and social functioning, such as “doing chores at home”, “being at school
all day”, or “walking the length of a football field.” Answers are provided on a 5-point scale, in
which 0 means “No Trouble” and 4 means “ Impossible”. A 0-60 score is then generated by the

sum of all items, with greater scores indicating greater functional disability.

2.2.4.4.2. Revised Child Anxiety and Depression Scale (RCADS; 1°8:159)

The RCADS is used to evaluate the emotional functioning domain that has high psychometric
qualities and has proven to be reliable and valid in clinical and nonclinical samples8160-162 ¢
consists of a self-reported questionnaire that contains 47-items assessing children’s symptoms of
anxiety and depression, such as “I feel sad or empty”, “I worry about being away from my
parents”, “I worry about what other people think of me”, “I worry about things”, “All of sudden I
feel really scared for no reason at all”, “I have to do somethings just the right way to stop bad
things from happening”. Answers are provided on a four-point scale ranging from 0 to 3, in which
0 means “never” and 3 means “always”. A raw total anxiety score is then calculated as the sum of

all items assessing a wide range of anxiety-related behaviors, and a raw anxiety and behavior score
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is created as the sum of all items assessing anxiety and depression behaviors. Raw scores are then

converted to T-scores, with lower T-scores indicating less anxiety and/or depression behaviors.

2.2.4.4.3. Sleep

The Pittsburgh Sleep Quality Index (PSQI)® is a self-reported questionnaire that contains 19
items assessing a few time-related aspects of their sleep habits, as well as aspects related to sleep
quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping
medication and daytime dysfunction. In the non-time related items, respondents are asked how
often each of a number of items happen to them on a 4-point Likert scale with the response options
of “not during the past month”, “less than once a week”, “once or twice a week,” or “three or more
times a week.” These time- and non-time-related items are grouped into seven component scores
that are summed to create the global PSQI score, with higher scores indicating worse sleep quality.

2.2.4.5. Analgesic medication

Study participants were not asked to stop taking any medications to participate in this study.
However, they were allowed to reduce the doses or, eventually, to stop the use of other analgesic
medication(s) under medical supervision if they reported a significant reduction in pain intensity
(50% reduction in their pain intensity rating compared to the previous visit). The number of
analgesic medications taken at each study visit was recorded and used as a proxy measure for pain
severity. The suggested interpretation of this measure would be the lower the number of analgesic
medications taken, the less severe the patient’s current pain-related condition.

2.2.4.6. Blood collection

Twenty millilitres (20mL) of blood were drawn into two 10mL tubes from each study
participant. The amount of blood was calculated based on the minimal amount of plasma needed

to obtain sufficient material for the profiling of different multiple markers. In this study, we have
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focused on tryptase and histamine, two markers of MC activity. To avoid adverse reactions, we
have checked every patient’s record for their last blood test to ensure that their haemoglobin count

was normal.

After collection, blood was immediately spun down and approximately 10mL of plasma was
retrieved from each participant and transferred into new coded tubes stored at -80°C until analysis.

2.2.4.6.1 Quantification of tryptase and histamine in plasma

After study completion, we used enzyme-linked immune assays (ELISA) to determine the
levels of histamine (Histamine ELISA kit KA2589, Abnova) and tryptase (Human Tryptase/
TPSAB1, B2 ELISA Kit Picotine, EK0890, Boster) in the plasma obtained from study participants
following the manufacturers’ instructions. Briefly, plasma samples were thawed at 4°C and diluted
1:5 with sample diluent. The concentrations of histamine and tryptase were measured in triplicate
(100pl each), averaged, and multiplied by the dilution factor to obtain each participant's levels of

histamine and tryptase.

2.3. Data analysis

As a widely accepted statistical rule, at least 40 data points are needed to allow employing
parametric tests!®4. As 11 participants dropped out of the study, our final dataset consisted of 33
participants. Hence, here we have used non-parametric tests. The type | error was set at 0.05 and
data are presented as median and range, or as the number and per cent, where applicable. All

statistical analyses were conducted using RStudio (Version 1.4.1717).

We have used the Mann-Whitney U test to test for differences in continuous outcomes
between groups, and the Chi-Square test was used for categorical outcomes. We have used the
Wilcoxon Rank Sum Test to test for differences within the group in outcomes at two different time

points (i.e., baseline versus week 16). We have used the Kruskal-Wallis test to test for differences
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within the group in outcomes at all time points (i.e., baseline, week 4, 8, 12, and 16). Lastly, we
have used quantile regression to examine the relationship between baseline plasma levels of
histamine or tryptase on study outcomes at week 16 by considering the 95" percentile of quantile

with a tau=0.5.

3. Results

We have enrolled 44 participants in the study, of which 11 dropped out (n=33; nkr=19 and
nrLaceso=14). There were no differences in the demographic characteristics between participants
in the KF and placebo groups at baseline (Table 1). All study participants were females, except for
one male participant in the KF group. There were also no differences between groups at baseline
in all pain-related and physical and emotional functioning measures assessed in the study (Table

2).

We have not identified any statistically significant differences between the KF and placebo
groups at week 16 (end of treatment), including in the participants’ self-reported global health

status, defined as the study’s primary outcome (Table 3).

Next, we have compared baseline and end of treatment (week 16) data within groups. While
there was no baseline to end-of-treatment differences in the global health status or any of the pain-
related measures in the KF group, there were significant reductions in the disability [baseline =
22.0 (5.00, 47.0); week 16 =19.0 (0, 39.0), p = 0.008], anxiety [baseline = 50.0 (28.0, 77.0); week
16 =43.0 (29.0, 70.0), p = 0.001], and anxiety and depression [baseline = 52.0 (30.0, 80.0); week
16 =44.0 (28.0, 76.0), p = 0.000] measures, indicating improvement of these symptoms (Table 4).
In the placebo group, there were significant reductions in the average pain index [baseline = 28.8

(3.00, 49.0); week 16 = 16.8 (1.80, 27.0), p = 0.027] and disability measures [baseline = 25.0 (0,

45



41.0); week 16 = 16.0 (1.00, 40.0), p = 0.032], while the reductions in the anxiety measure
[baseline = 43.0 (36.0, 64.0); week 16 = 37.0 (26.0, 62.0), p = 0.054] only approached significance
(Table 5). When taking into account all five study visits (i.e., baseline and weeks 4, 8, 12, and 16),
we have not found any statistically significant differences within the KF (Table 6) or placebo

(Table 7) groups for any of the study outcomes.

To examine whether the baseline to end of treatment improvement in symptoms observed
within groups was mediated by MCs, we tested if the baseline plasma levels of the MC activity
markers histamine (Table 9) and tryptase (Table 10) could predict such improvements. We have
first tested and found no significant differences in the plasma levels of histamine and tryptase
between groups at baseline (Table 8). Notably, we have found that greater baseline plasma levels
of histamine significantly predicted lower average pain intensity ratings (p-value=0.004) (Figure
2) at the end of treatment in the KF group, potentially suggesting that treatment with KF may
only be beneficial for individuals with greater circulating levels of histamine. The baseline

plasma level of tryptase did not predict any of the study outcomes.

4. Discussion

In response to the widely reported but understudied comorbidity between many types of
allergies and several chronic pain conditions®8789 and to recent findings showing both pre-clinical
and clinical evidence that stabilizing MCs with KF may provide pain relief in an MC-dependent
manner'*!, here we have sought to prove the concept that treatment with KF may provide
symptoms improvement for patients living with CWP. Ang et al. conducted a randomized clinical
trial of KF (4 mg daily) for the treatment of FM in adults and found that it did not reduce pain
sensitivity, improve clinical pain, or reduce overall FM symptom severity compared to placebo.

Nonetheless, the authors warranted the conduction of clinical trials using higher doses of KF. In
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addition, the length of treatment in the study of Ang et al. was 10 weeks™*2. In previous work of
our group, we have reported that symptom improvements in teenagers treated with KF seemed to
begin approximately after 10 weeks of treatment'*!. Hence, we have designed a proof-of-concept
randomized clinical trial of KF for the treatment of CWP using a higher dose of the medication (6
mg daily) and a longer treatment period (16 weeks). However, we were not able to demonstrate
that treatment with KF improves the global health status or pain-related (except average pain
intensity) or physical and emotional functioning measures assessed in our study compared to

placebo.

Despite that, our study brings to light a couple of points that should be further investigated.
Firstly, within-group comparisons of variables before and after treatment revealed a robust effect
of KF in improving measures of physical (i.e., disability) and emotional (i.e., anxiety and anxiety
and depression) functioning. In the placebo group, this effect was specifically seen for average
pain index, physical (i.e., disability) and emotional (i.e., anxiety) functioning. One logical
inference is that study participants in the KF and placebo groups responded to what is known as
the “placebo effect”. Defined as the effect of patients’ positive expectations on their state of health,
placebo effects can lead to beneficial health outcomes. These effects occur in many clinical
contexts, including in clinical trials'®®%, Here, we can argue that patients’ expectations of clinical
improvement due to the possibility that they might be receiving a new treatment could have
positively affected their ability to perform everyday physical activities, leading to a decrease in the
disability scores at the end of treatment. The role of a placebo effect in our findings is further
evidenced by the statistically significant before-to-after treatment reduction in the average pain
index reported by participants in the placebo group. We cannot explain, however, why this putative

placebo effect was not also observed for the emotional functioning measures of anxiety and
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depression in the placebo group. One possibility is that these measures suffered from the lower
sample size available in the placebo (n=14) compared to the KF group (n=19). Another intriguing
possibility is that KF does in fact contribute to the improvement of anxiety and anxiety and
depression symptoms. Although seemingly far-fetched, a few studies have demonstrated that
treatment with KF can reduce or prevent the development of anxiety-"'"* and depression-
like®”172 pehaviors in rodents. It should be noted that many of these studies point to a histamine-
mediated effect of KF on anxiety and/or depression. In our study, baseline plasma levels of
histamine did not predict the improvement in these behaviors reported by participants in the KF
group at the end of treatment, suggesting that mechanisms unrelated to histamine-mediated such
improvement. In that regard, stabilization of MCs leading to a decrease in the levels of substance
P and serotonin, two MC-released molecules linked to psychopathological conditions!’®, could
partly respond to the mood improvements reported by participants treated with KF. Substance P
acts mainly by binding to neurokinin-1 receptors and it has been found to be increased in the
cerebral spinal fluid of individuals with FM**. Substance P has been consistently implicated in
anxiety-related disorders'’41"” and neurokinin-1 receptor antagonists are a promising target for the
treatment of depression®’®18. Serotonin is likewise implicated in mood-related disorders, and
drugs that inhibit its neuronal reuptake at the CNS are commonly used to treat anxiety and
depression, including in children'®182, However, KF can easily penetrate the blood-brain barrier
and we cannot rule out that its beneficial effect on the symptoms of anxiety and depression may
have been due to the stabilization of MCs in the CNS and/or to its postsynaptic histamine-1

antagonism?®3-187,

Secondly, baseline plasma levels of histamine predicted lower average pain intensity at the

end of treatment in the KF group. This suggests that treatment with KF may be particularly
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beneficial for individuals whose CWP pathophysiology relates to increased circulating levels of
histamine and possibly, increased MC activity, as these cells are the most relevant source of
histamine in the immune system*®, Indeed, chronic pain conditions, including CWP, are highly
heterogeneous and believed to result from a complex set of biopsychosocial and environmental
factors unique to each individual that interact to produce temporally dynamic symptoms and
influence one’s susceptibility and resiliency to pain onset and chronicity*8®1%, It is thus pointless
to envisage a single cause, nor even to expect that anyone cause might be necessary or sufficient
for the development and/or chronicity of pain in all individuals. From a clinical standpoint, this
could mean that screening chronic pain patients for their levels of histamine could aid clinicians
in the treatment decision-making process. We should highlight, though, that the report of lower
average pain at the end of treatment by participants in the KF group can only be speculatively
attributed to a decrease in the patients’ circulating levels of histamine, as plasma was not collected
from participants at the last study visit. That said, it has been previously shown that KF can
decrease both the levels of histamine®%2, In addition, treatment with KF has also been shown to
lead to a decrease in the levels of other MC-release substances, including TNF-a%31%
macrophage-derived chemokines'®, and 1L-8%%. Although these findings originate from studies
done in the context of asthma and allergic disorders, TNF-a, macrophage-derived chemokines, and

IL-8 have all been shown to contribute to pain in human and animal studies*®’,

Our findings contrast with a few cases reports in the literature showing the pain-relieving
effects of KF34+1% and one could argue that these reports were likely focused on individuals
whose pain was linked to increased MC activity and/or histamine-1 receptor signalling. In a
clinical trial of patients with neurofibroma-associated itching and pain'®, treatments with KF at

doses lower (2-4 mg) than the one used in our study (6 mg) decreased both itching and pain. MCs
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are present in most neurofibromas and have been shown to be critical to the origin and progression
of neurofibromas in both humans'®®-2%2 and relevant mouse models?®>?%*, Moreover, histamine
plays an important role in purinergic symptoms, particularly via its histamine-1 receptors?®. It is
thus possible that MCs and their mediators play a more central role in the pathophysiology of
symptoms linked to neurofibromas, including pain, than in chronic pain at large. Another clinical
trial, now of IBS, has found that treatment with KF (up to 12 mg) decreased rectal discomfort in
patients with visceral hypersensitivity and ameliorated abdominal pain and other gastrointestinal
symptoms*¥’. Notably, KF doses used were up to double the dose used here. Additionally, the
authors reported that rectal hypersensitivity was decreased only in patients with visceral
hypersensitivity but not in normosensitive patients. This aligns with our theory that treatment with
KF may be particularly useful for individuals whose symptoms are linked to increased MC activity.
In fact, in addition to the well-known role of MCs in IBS?®, a recent review elaborates on MCs’

particular relevance to visceral sensations?®’.

The findings of our study must be cautiously considered, as our study has limitations. As a
proof-of-concept trial, we aimed to recruit 44 participants, a sample size similar to that of Ang et
al.1%, We assumed that modifications to the study design, namely an increase in KF dose and
treatment length, would be sufficient to yield statistically detectable evidence of symptoms
improvement following treatment. As a result of study dropouts (n=11), we cannot rule out that
we may not have been able to detect such treatment-dependent improvements due to reduced
statistical power. Additionally, our finding that higher pre-treatment treatment levels of circulating
histamine are linked to lower average pain at the end of treatment needs to be confirmed in future

studies that assess MC markers both before and after treatment.
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5. Conclusion

Daily treatment with 6 mg of KF did not improve the global health status or pain-related
(except for average pain intensity) or physical and emotional functioning measures compared to
treatment with placebo. Nonetheless, within-group comparisons revealed that treatment with KF
may be beneficial to relieve pain in individuals with greater plasma levels of histamine. Hence, we
encourage the conduction of future clinical trials that are fully powered to detect symptom
improvement in response to treatment with KF. We also recommend future studies assess markers
of MC activity, including but not limited to histamine and tryptase, both before and after treatment

to shed light on the biological mechanisms underlying KF-mediated symptom improvement.

51



Table 1. Demographic characteristics at baseline of all participants in the KF and placebo groups

who completed the study (n=33).

Baseline
Variable [data presentation] KF (N=19) Placebo (N=14) P -value
Age [Median (Min, Max)] 17.0 (13.0, 19.0) 16.0 (12.0, 19.0) 0.7072
Gender [n (%)]
Male(%) 1 (5.3%) 0 (0%)
Female(%) 18 (94.7%) 14 (100%) 1P
BMI [Median (Min, Max)] 24.2 (15.6, 36.7) 20.1 (16.9, 138) 0.113?

Footnotes: BMI: Body mass index; *Mann-Whitney test; "Chi-square test
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Table 2. Pain-related and physical and emotional functioning measures in the KF and placebo

groups at baseline.

Baseline

KF (N=19) Placebo (N=14)

Variable N Median (Min, Max) Median (Min, Max) P-value?
Pain intensity 33

High pain intensity 75.0 (9.00, 90.0) 67.5 (7.00, 95.0) 0.985

Average pain intensity 50.0 (7.50, 85.0) 40.0 (5.00, 75.0) 0.673

Low pain intensity 40.0 (4.50, 70.0) 20.0 (0, 70.0) 0.280
Pain index 20 (N=14) (N=6)

High pain index 18.4 (0, 45.0) 22.5 (1.75, 28.5) 0.508

Average pain index 17.3 (0, 60.0) 28.8 (3.00, 49.0) 0.591

Low pain index 8.25 (0, 31.5) 5.00 (0.45, 8.00) 0.282
Pressure pain threshold 33 1.61 (0.31, 3.54) 1.30 (0.655, 3.18)  0.760
Analgesic medication 33 2.00 (0, 5.00) 2.00 (1.00, 5.00) 0.939
Disability 33 22.0 (5.00, 47.0) 25.0 (0, 41.0) 0.488
Anxiety 33 50.0 (28.0, 77.0) 43.0 (36.0, 64.0) 0.773
Anxiety & Depression 33 52.0 (30.0, 80.0) 45.0 (38.0, 68.0) 0.604
Sleep quality 33 11.0 (6.00, 17.0) 8.50 (2.00, 16.0) 0.193

Footnotes: 2Mann-Whitney test
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Table 3. Global health status, pain-related and physical and emotional functioning measures in

the KF and placebo groups at Week 16.

Week 16
KF (N=19) Placebo (N=14)

Variable N Median (Min, Max) Median (Min, Max)  P-value?
Global Health Status 33 2.00 (1.00, 7.00) 3.50 (1.00, 6.00) 0.423
Pain intensity 33

High pain intensity 70.0 (20.0, 80.0) 57.5 (0, 90.0) 0.672

Average pain intensity 45.0 (10.0, 75.0) 34.0 (0, 80.0) 0.050

Low pain intensity 37.0 (5.00, 65.0) 17.5 (0, 80.0) 0.096
Pain index 20 (N=14) (N=6)

High pain index 14.5 (0, 74.3) 15.8 (1.75, 48.8) 0.934

Average pain index 25.8 (0.63, 42.0) 16.8 (1.80, 27.0) 0.075

Low pain index 3.88 (0, 24.0) 6.50 (0.60, 15.0) 0.508
Pressure pain threshold 33 1.45 (0.74, 5.40) 1.58 (0.623, 2.83) 0.984
Analgesic medication 33 2.00 (0, 4.00) 2.00 (0, 5.00) 0.751
Disability 33 19.0 (0, 39.0) 16.0 (1.00, 40.0) 0.898
Anxiety 33 43.0 (29.0, 70.0) 37.0 (26.0, 62.0) 0.644
Anxiety & Depression 33 44.0 (28.0, 76.0) 43.0 (26.0, 64.0) 0.686
Sleep quality 33 9.00 (2.00, 20.0) 8.00 (4.00, 17.0) 0.660

Footnotes: 2Mann-Whitney test
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Table 4. Baseline and week 16 global health status, pain-related measures and physical and

emotional functioning measures of participants in the KF group.

KF (N=19)
Baseline Week 16

Variable N Median (Min, Max) Median (Min, Max) P-value?
Global Health Status 33 3.00 (1.00, 6.00) 2.00 (1.00, 7.00) 0.524
Pain intensity 33

High pain intensity 75.0 (9.00, 90.0) 70.0 (20.0, 80.0) 0.367

Average pain intensity 50.0 (7.50, 85.0) 45.0 (10.0, 75.0) 0.722

Low pain intensity 40.0 (4.50, 70.0) 37.0 (5.00, 65.0) 0.812
Pain index 20 (N=14)

High pain index 18.4 (0, 45.0) 14.5 (0, 74.3) 1

Average pain index 17.3 (0, 60.0) 25.8 (0.63, 42.0) 0.706

Low pain index 8.25 (0, 31.5) 3.88 (0, 24.0) 0.064
Pressure pain threshold 33 1.61 (0.31, 3.54) 1.45 (0.74, 5.40) 0.861
Analgesic medication 33 2.00 (0, 5.00) 2.00 (0, 4.00) 0.311
Disability 33 22.0 (5.00, 47.0) 19.0 (0, 39.0) 0.008
Anxiety 33 50.0 (28.0, 77.0) 43.0 (29.0, 70.0) 0.001
Anxiety & Depression 33 52.0 (30.0, 80.0) 44.0 (28.0, 76.0) 0.000
Sleep quality 33 11.0 (6.00, 17.0) 9.00 (2.00, 20.0) 0.134

Footnotes: @Wilcoxon Rank Sum Test
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Table 5. Baseline and week 16 global health status, pain-related and physical and emotional

functioning measures of participants in the placebo group.

Placebo (N=14)

Baseline Week 16

Variable N Median (Min, Max) Median (Min, Max)  P-value?
Global Health Status 33 3.00 (1.00, 5.00) 3.50 (1.00, 6.00) 0.235
Pain intensity 33

High pain intensity 67.5 (7.00, 95.0) 57.5 (0, 90.0) 0.529

Average pain intensity 40.0 (5.00, 75.0) 34.0 (0, 80.0) 0.134

Low pain intensity 20.0 (0, 70.0) 17.5 (0, 80.0) 0.573
Pain index 20 (N=6)

High pain index 22.5(1.75, 28.5) 15.8 (1.75, 48.8) 0.500

Average pain index 28.8 (3.00, 49.0) 16.8 (1.80, 27.0) 0.027

Low pain index 5.00 (0.45, 8.00) 6.50 (0.60, 15.0) 0.248
Pressure pain threshold 33 1.30 (0.311, 3.54) 1.58 (0.623, 2.83) 0.777
Analgesic medication 33 2.00 (1.00, 5.00) 2.00 (0, 5.00) 0.830
Disability 33 25.0 (0, 41.0) 16.0 (1.00, 40.0) 0.032
Anxiety 33 43.0 (36.0, 64.0) 37.0 (26.0, 62.0) 0.054
Anxiety & Depression 33 45.0 (38.0, 68.0) 43.0 (26.0, 64.0) 0.070
Sleep quality 33 8.50 (2.00, 16.0) 8.00 (4.00, 17.0) 0.869

Footnotes: @Wilcoxon Rank Sum Test
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Table 6. Differences in study outcomes throughout all five study visits in the KF group.

Variable N P-value?
Global Health Status 19 0.670
Pain intensity 19

High pain intensity 0.895

Average pain intensity 0.291

Low pain intensity 0.395
Pain index 14

High pain index 0.793

Average pain index 0.829

Low pain index 0.743
Pressure pain threshold 19 0.931
Analgesic medication 19 0.966
Disability 19 0.924
Anxiety 19 0.670
Anxiety & Depression 19 0.652
Sleep quality 19 0.440

Footnotes: 2Kruskal-Wallis Test
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Table 7. Differences in study outcomes throughout all five study visits in the placebo group.

Variable N P-value?
Global Health Status 14 0.958
Pain intensity 14

High pain intensity 0.793

Average pain intensity 0.800

Low pain intensity 0.978
Pain index 6

High pain index 0.963

Average pain index 0.162

Low pain index 0.941
Pressure pain threshold 14 0.997
Analgesic medication 14 0.989
Disability 14 0.495
Anxiety 14 0.675
Anxiety & Depression 14 0.638
Sleep quality 14 0.993

Footnotes: @Kruskal-Wallis Test
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Table 8. Baseline plasma levels of histamine and tryptase in the KF and placebo groups.

Baseline
KF (N=19) Placebo (N=14)
Variable N Median (Min, Max) Median (Min, Max)  P-value?
Histamine (ng/ml) 33 72.7 (14.6, 218) 45.3 (13.6, 114) 0.173
Tryptase (ng/ml) 33 6.77 (1.42, 47.3) 9.59 (0.64, 15.0) 0.356

Footnotes: 2Mann Whitney U test
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Table 9. Effect of treatment with KF and baseline plasma level of histamine on patient’s global

health status, pain-related and physical and emotional functioning measures at week 16.

Variable Coefficient Value P-value?
Global health status

Treatment (Ref. Placebo) 1.000 0.278

Histamine 0.000 1.000
High pain intensity

Treatment (Ref. Placebo) -17.005 0.289

Histamine -0.174 0.347
Average pain intensity

Treatment (Ref. Placebo) -11.440 0.410

Histamine -0.159 0.032
Low pain intensity

Treatment (Ref. Placebo) -15.734 0.232

Histamine -0.122 0.456
High pain index

Treatment (Ref. Placebo) -0.066 0.948

Histamine -0.174 0.864
Average pain index

Treatment (Ref. Placebo) -0.779 0.447

Histamine 0.216 0.831
Low pain index

Treatment (Ref. Placebo) 0.404 0.691

Histamine -0.571 0.576
Pressure pain threshold

Treatment (Ref. Placebo) 0.456 0.681

Histamine 0.003 0.763
Analgesic medication

Treatment (Ref. Placebo) 0.033 0.964

Histamine -0.0049 0.625
Disability

Treatment (Ref. Placebo) -4.078 0.548

Histamine -0.041 0.678
Anxiety

Treatment (Ref. Placebo) -6.000 0.476

Histamine 0.000 1.000
Anxiety &Depression

Treatment (Ref. Placebo) -1.000 0.906

Histamine 0.000 1.000
Sleep quality

Treatment (Ref. Placebo) -1.059 0.645

Histamine 0.015 0.312

Footnotes: 2Quantile regression
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Table 10. Effect of treatment with KF and baseline plasma level of tryptase on patient’s global

health status, pain-related and physical and emotional functioning measures at week 16.

Variable Coefficient Value P-value?
Global health status

Treatment (Ref. Placebo) 0.950 0.313

Tryptase -0.027 0.877
High pain intensity

Treatment (Ref. Placebo) -1.229 0.938

Tryptase -1.205 0.231
Average pain intensity

Treatment (Ref. Placebo) -11.249 0.407

Tryptase -0.698 0.410
Low pain intensity

Treatment (Ref. Placebo) -8.627 0.554

Tryptase -0.522 0.844
High pain index

Treatment (Ref. Placebo) -0.032 0.974

Tryptase -0.510 0.617
Average pain index

Treatment (Ref. Placebo) -1.029 0.319

Tryptase 0.294 0.772
Low pain index

Treatment (Ref. Placebo) 0.581 0.569

Tryptase -0.077 0.938
Pressure pain threshold

Treatment (Ref. Placebo) 0.370 0.761

Tryptase 0.013 0.949
Analgesic medication

Treatment (Ref. Placebo) -0.070 0.922

Tryptase -0.023 0.349
Disability

Treatment (Ref. Placebo) -3.633 0.607

Tryptase -0.165 0.441
Anxiety

Treatment (Ref. Placebo) -4.172 0.622

Tryptase 0.054 0.906
Anxiety &Depression

Treatment (Ref. Placebo) -1.014 0.900

Tryptase 0.029 0.934
Sleep quality

Treatment (Ref. Placebo) -2.725 0.255

Tryptase 0.033 0.564

Footnotes: 2Quantile regression
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Figure 1. Flowchart of study design and procedures.
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Figure 2. Correlation between baseline histamine plasma levels and average pain intensity at

week 16 in the KF(A) and (B) placebo groups
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