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Background: Investigations based on quantitative sensory testing have consistently shown evidence
of allodynia in fibromyalgia syndrome (FMS) patients involving both the spinal and supraspinal pain
regulatory systems. Functional imaging studies have demonstrated enhanced neural activities in pain-
related brain areas as well as impairment of pain inhibition in the descending nociceptive regulatory
system. A higher state of excitability of spinal nociceptive neurons as evidenced by lowered nociceptive
flexion reflex R-lll (NFR) threshold was reported for FMS patients. The NFR procedure has been shown
to be a valuable tool to evaluate pharmacologically active therapeutic agents at the spinal level.

Objective: Serotonin-noradrenaline reuptake inhibitors have been shown to reduce pain in FMS
patients possibly through descending monoaminergic pain pathways modulation. This randomized
double-blind placebo-controlled trial assessed the pharmacodynamic activity of the dual-reuptake
inhibitor milnacipran (MLN) at the spinal level by means of the objective spinal NFR.

Study Design: Randomized, double-blind, placebo-controlled trial
Setting: A single academic medical center, outpatient setting

Methods: Seven-week exposure (100, 150, 200mg/day) in women fibromyalgia patients. Evaluation
consisted of extensive quantitative sensory testing including determination of the NFR threshold, self-
reported standard questionnaires investigating pain, visual analog scales, fibromyalgia impact, health-
related quality of life, depression and anxiety questionnaires, as well as the Patient’s Global Impression
of Change (PGIC). Analysis of covariance adjusted for baseline value was used for all endpoints.

Results: Seventy-seven (39 placebo, 38 milnacipran all doses) out of 80 randomized patients were
available for analysis. The absence of influence of MLN (any dose) on the NFR surprisingly contrasted with
the dose-dependent analgesic effect observed in MLN-treated patients with an adjusted change difference
of -18.4mm (-30.9; -5.8) in pain reduction between placebo and the maximum dosage (200 mg) MLN
groups (P = 0.02). Unchanged depression and anxiety scores confirmed the predominant selectivity
of the analgesic effect of MLN on nociceptive pain pathway. Self-reported questionnaires consistently
reflected the positive effects of MLN on quality of life and psychological well-being. Odds ratio 5.1 for PGIC
responders (i.e. much/very much improved) was significantly in favor of MLN (P= 0.04).

Conclusion: Milnacipran has a predominantly supraspinal analgesic effect as evidenced by the
significant clinical benefits and the absence of changes in the nociceptive spinal reflex threshold.
Higher dose was associated with higher pain reduction. Reported analgesia was independent of
patients’ emotional status.

Key words: Fibromyalgia; chronic pain, spinal nociceptive flexion reflex, milnacipran, dual- reuptake
inhibitor, 5-HT noradrenaline re-uptake inhibitor, descending noxious inhibitory controls, quantitative
sensory testing, Patient Global Impression of Change, Fibromyalgia Impact Questionnaires

Pain Physician 2013; 16:E553-E562

www.painphysicianjournal.com



Pain Physician: September/October 2013; 16:E553-E562

ibromyalgiasyndrome (FMS) isa complex chronic

widespread pain disorder in which dysfunction

of nociception is associated with cognitive
trouble, sleep disturbances, and psychological
distress. FMS has been clearly linked to altered central
nervous system processing of nociceptive stimuli (1).
Investigations based on quantitative sensory testing
have consistently shown evidence of allodynia in
FMS patients (2-5) involving both the spinal and
supraspinal pain regulatory systems (6-8). Functional
imaging studies have demonstrated enhanced
neural activities in pain-related brain areas as well
as impairment of pain inhibition in the descending
nociceptive regulatory system (9,10).

Significant progress has been made in the un-
derstanding of the physiopathology of FMS. These
advances, however, have not yet been translated
into novel therapeutic solutions, and everyday pain
management of FMS remains a considerable chal-
lenge often necessitating individually tailored and
integrated approaches (1,11,12). In addition, FMS is
associated with a high rate of disability and increased
health care utilization in a proportion comparable to
rheumatoid arthritis (13). Recently drugs capable of
modulating the monoaminergic system have been
regarded as a highly appropriate choice for the treat-
ment of FMS patients. Milnacipran (MLN) is a dual
serotonin-noradrenaline reuptake inhibitor (SNRI).
MLN has been shown to be effective in reducing pain
and improving quality of life in FMS patients (14-18)
and has now been granted approval by the Food and
Drug Administration (FDA) for this indication. Nev-
ertheless, exact knowledge of the potential targets
at various levels of the pain pathways that SNRIs are
able to modulate is still incomplete.

A higher state of excitability of spinal nociceptive
neurons as evidenced by a lowered nociceptive flexion
reflex R-Ill (NFR) threshold was reported for FMS pa-
tients (4,19). The NFR procedure has been shown to be
a valuable tool to evaluate pharmacologically active
therapeutic agents at the spinal level (20). This phase
Il, placebo-controlled mechanistic study explored for
the first time the effect of MLN on modulatory pain
pathways and, more specifically, whether its central
antinociceptive properties affect the NFR in FMS pa-
tients. In addition, the clinical benefit of a 7-week
treatment regimen with MLN was assessed with global
improvement and pain rating scales as well as func-
tional and health-related questionnaires.

METHODS

Overview

This trial was designed according to the CONSORT
statement and registered within ClinicalTrials.gov
(NCT00757679). The protocol was approved by the lo-
cal ethical committee in Geneva. FMS outpatients were
either referred by rheumatologists or general practitio-
ners. All patients provided written informed consent.
Potential confounding endocrine and inflammatory
etiologies were systematically excluded at screening.

Entry Criteria: Women patients over 18 years old
who met the American College of Rhumatology (ACR)
FMS criteria (21) were included if the following criteria
were met: signed informed consent, negative urine
pregnancy test at screening and use of adequate con-
traception or absence of childbearing potential, willing-
ness to withdraw from CNS-active therapies, willingness
to discontinue treatment with trigger point injections
and anesthetics, and reported baseline weekly recall
pain over 40 on a 0 — 100 mm visual analog scale (VAS).

Exclusion criteria: severe psychiatric illness, current
major depressive episode or screening Beck Depres-
sion Inventory (BDI) > 25, history of substance abuse,
epilepsy, active cardiac disease, severe chronic obstruc-
tive pulmonary disease, active liver disease, renal im-
pairment, documented autoimmune disease, current
systemic infection, active cancer, active peptic ulcer or
inflammatory bowel disease (irritable bowel syndrome
excepted), unstable endocrine disorder, pregnancy or
breastfeeding, concomitant use of psychotropic drugs
(including antidepressants or phytotherapy), sympathi-
comimetics, long-acting benzodiazepines, anticoagu-
lants, antiepileptic drugs, centrally-acting muscle relax-
ants, Opioids, smoking ( > 25 cigarettes a day).

Study Design

Overall Plan

This phase Il clinical trial was conducted as an
8-week, single-center, double-blind, placebo- con-
trolled, 2-parallel arms, randomized trial in female FMS
outpatients. Following a screening visit (V1), patients
entered a 1- to 4-week treatment wash-out phase. If
eligible, patients were randomized (block size of 4
and 1:1 allocation ratio) at visit 2 (Day 1) into the MLN
or placebo (PBO) group. A randomization list was
computer-generated by the sponsor and allocation
of treatments was done by the investigator accord-
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ing to the chronological order of the occurring visit 2
(randomization visit). Once allocated to a subject, the
treatment number remained the same throughout the
study period. Access to sealed decoding envelopes was
restricted to the sponsor study manager and the onsite
investigator and pharmacist.

Once randomized, patients started a 3-week dose
escalation period with a stepwise daily dose increase
from 25 mg (g.d.) to 100, 150, or 200 mg/day (b.i.d. ad-
ministration) according to tolerance. At visit 4 patients
entered the fixed dose period. At week 7 (visit 5), or
at the occurrence of a premature withdrawal (PW),
primary and secondary criteria were assessed. Finally a
down- titration period (3 to 9 days, depending on the
eligible fixed dose) led to patients’ study termination.

Outcome Measures

Primary Endpoint Objective Pain Threshold

The NFR is considered a specific and objective physi-
ologic correlate of pain sensation (22- 24). The NFR was
considered to be present (positive response) when an
electromyographic response signal recorded at the pa-
tient's biceps femoris with a surface electrode appeared
within a specific time window (90 — 300 ms) following a
single short duration (0.5 ms) electric impulse delivered
at the ipsilateral distal sural nerve. A more detailed de-
scription of the procedure can be found elsewhere (4).
This procedure was recommended as a tool to evaluate
the excitability state of spinal neurons in the assessment
of neuropathic pain (25).

Secondary Endpoints

Secondary outcomes were recorded at baseline (V2)
and either at the end of the fixed dose period (V5) or
within the fixed dose period in case of PW according to
the last observation carried forward (LOCF) imputation
method.

Diffuse Noxious Inhibitory Control

Diffuse noxious inhibitory control (DNIC) activity
was determined by comparing 2 NFR signals (AUC)
elicited by identical electrical suprathreshold stimu-
lations. The first NFR signal was recorded according
to the basic procedure while, during the second re-
cording, a tonic nociceptive stimulation (cold pressor
rest, see below) was simultaneously applied to the
patient’s hand. The DNIC was expressed as the per-
cent decrease between the 2 NFR amplitudes (AUC). A
positive response was defined as a reduction of more

than 20%. DNIC restoration occurred when, in the
same patient, a negative response at baseline turned
positive at week 7 (26-28).

Quantitative Sensory Testing at the Periphery,
Thermal Thresholds and Cold Pressor Tests

Thermal thresholds were measured by means of
a thermal sensory analyzer (Medoc Advanced Medi-
cal Systems, Ramat-Yishai, Israel). The thermal sensory
analyzer operates by a microcomputer-driven 9 ¢cm?
Peltier contact thermode. The stimulation surface was
heated and cooled within a range of 0°C to 50°C. For
each sequence and for both hot and cold, the linear
rate of change was set at 1°C/second, with a baseline
temperature of 32°C (29,30). The cold threshold was
systematically used as a first evaluation. Perception
and pain thresholds were assessed according to the
method of limits (arithmetic mean from 4 measure-
ments) (4).

The cold pressor test was used to assess pain tol-
erance to tonic intense pain stimulation. The device
consisted of a water-filled container divided by a mesh
screen; ice was kept on one side while the patient’s
hand was immersed in the other compartment. Water
temperature was kept below 1.0°C in order to stimu-
late C fibers. A stirring device circulated the water and
a thermosistor monitored the temperature. Subjects
were instructed to only withdraw their hand when
the provoked pain was “at the maximum bearable.” A
cut-off time of 2 minutes was set to prevent any tissue
lesion. The maximum time and intensity of pain (Visual
Analog Scale) at withdrawal were recorded (31,32).

Pressure Pain Thresholds

Each pressure pain threshold (PPT) (33) was as-
sessed according to ACR 1990 criteria using a hand-held
Somedic Sales AB pressure algometer (1 cm?, 30 kPa/s,
range 0 — 400 kPa). The assessment was performed bi-
laterally on the trapezius, epicondyle, trochanter, and
knee (8 points). The derived criterion analysed was the
overall PPT (mean of 8 PPTs).

Pain Scales

Average pain intensity was measured using 2 0 —
100 mm VASs (34): current pain VAS (average pain in
the last 24 hours) and weekly-recall pain VAS (average
pain over the previous week). Weekly-recall and current
pain VAS scores were recorded at each visit (V1, V2, V3,
V4, V5/PW). The regional pain score (RPS) assessed pain
intensity in 21 areas of the body represented on a hu-
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man chart. Intensity level could range from 0 (no pain)
to 5 (intolerable pain) in each corresponding sketch
(maximum score 105).

Psychological and Functional Assessments

French validated versions of the Fibromyalgia Im-
pact Questionnaire (FIQ), the Short-Form Health Survey
(SF-36), and the Psychological General Well-Being Index
(PGWB) were used to assess the repercussion of the dis-
ease on quality of life (35-43). French validated versions
of the Beck Depression Inventory-Il (BDI), the State-Trait
Anxiety Inventory (STAI-S/-T), and the Coping Strate-
gies Questionnaire (CSQ) were used to identify mood
disorders. BDI and STAI-T, which reflects anxiety as a
trait (stable emotional component) as compared to the
present state of anxiety (STAI-S), were also recorded at
screening. Fatigue and quality of sleep were assessed
with the Multidimensional Fatigue Inventory (MFI) and
the Medical Outcome Study-sleep Indexes (MOS).

Overall Impression of Change

The fibromyalgia-specific Patient Global Impres-
sion of Change (PGIC) (44,45) was used. Patients were
asked to answer the question: “Since the start of the
study, overall, your fibromyalgia is...” with a 7-point
scale ranging from one “very much improved” to 7
“very much worse.” The Physician Global Impression of
change (PGI) assessing the investigator’s perspective (7
points scale ranging from one “very much improved”
to 7 “very much worse"”) and the Physician Global Rat-
ing score (PGR) answering the question: “What is your
overall clinical impression for this patient” (one = best
rating to 5) were used. PGIC and PGl were only recorded
at V5.

Pharmacokinetic Analysis

Milnacipran was quantified after on-line extraction
(microturbulent flow) coupled to liquid chromatogra-
phy-tandem mass spectrometry detection (the limit of
quantification was 0.5 ng/mL) (46).

Statistical Analyses

The statistical analyses of the study sample counting
and standard description at baseline as well as those for
the safety evaluation were performed by the sponsor
using the SAS software for Windows, version 8.02 and
at the investigating centers using the R software (2009
version, from the R Foundation for Statistical Comput-
ing, Vienna, Austria). The statistical analyses for the ef-
ficacy evaluation were performed at the investigating

centers using the R software. All statistical tests were
2-sided with a level of significance set at 0.05.

Sample size was calculated based on an expected
difference of at least 6 mA (SD 9 mA) between the MLN
and PBO groups on the change from baseline to the
end of the fixed dose period on the NFR threshold (pri-
mary objective). Seventy-four patients were required to
achieve an alpha of 0.05 and a power of 80%. Assuming
that 7% of the patients would be excluded from the
analysis, 80 patients were randomized. All randomized
patients who received at least one dose of the random-
ized study treatment and had at least one evaluation
criterion at V5 or PW were included in the analysis. A per
protocol data set (PP) was used for supportive analysis
on the primary efficacy criterion. The pharmacokinetic
data set (PK) included data of all subjects receiving ac-
tive treatment and for whom MLN concentration, with
appropriate time and dosing records, were available.

The primary analysis was performed by imputing
to missing data the last observation available. Analy-
sis of covariance (ANCOVA) with baseline NFR value
as covariate and treatment as main effect was used
(adjusted model). Only patients with a post-baseline
evaluation of the NFR were included in the NFR-derived
criteria analyses. Since distributions of residuals were
normal (based on visual inspection of residual vs. fit and
QQ plots), only parametric methods were considered.
Dose-related responses were examined for change in
NFR and change in weekly-recall VAS pain scale by post
hoc subgroups (tertiles) analyses of the MLN plasma
concentration recorded at V5 and by subgroups of the
maximal tolerated dose (100 — 150 mg, 200 mg). Odds
ratio were calculated for changes in DNIC restoration,
PGIC, and PGl variables using logistic regression com-
paring MLN group to PBO. Pearson’s Chi-square test
was used for the safety analysis.

REesuLTs

Patient Disposition

A total of 153 FMS patients were screened, of
whom 107 (69.9%) were selected following the
screening visit. Eighty (52.3%), 40 in each group, were
randomized. The data set included 38 patients in the
MLN group and 39 in the PBO group. Fig. 1 presents
the flow diagram of the trial. Socio-demographic and
Disease Characteristics Patients socio-demographic and
disease characteristics at baseline are reported in Table
1. The following symptoms were reported by more than
80% of the patients: fatigue (100%), morning stiffness
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Assessed for
eligibility (n=153)
Excluded (n=73)
- Not meeting inclusion
criteria (n=51)
- Declined to participate
(n=22)
Randomized (n= 80)
Y
A\ 4 Y
Allocated to MLN (n=40) Allocated to PBO (n=40)
- Received allocated - Received allocated
intervention (n=39) intervention (n=40)
- Randomization failure
(n=1)
Y Y
Lost to follow-up (n=0) Lost to follow-up (n=0)
- Premature withdrawal - Premature withdrawal
(n=11) (n=8)
- AE (n=8) - AE (n=5)
- AE and therapeutic failure - AE and therapeutic
(n=3) failure (n=3)
h h
Analysed (n=38) Analysed (n=39)
- Absence of post baseline - Absence of post baseline
evaluation (n=1) evaluation (n=1)
AE Adverse Event; PBO placebo; MLN Milnacipran.
Fig. 1. Study flow diagram

(96%), tingling in legs (89%), numbness in arms or legs
(85%), and inability to concentrate (80%).

Study Drug Compliance

Compliance was assessed through the ratio of
returned/taken capsules at each visit and overall. Treat-
ment compliance reached similar proportions in both
groups (88.6% overall).

Table 1. Patients’ characteristics at baseline

PBO MLN
(n=39) (n=38)

Age (y.) 50.9 (11.4) | 48.5(11.4)
BMI (kg/m2) 266 (5.2) | 25.1(4.2)
Time from FMS diagnostic (y.) 6.0 (5.0) 5.0 (4.7)
Time from first FMS symptoms (y.) 10.5(7.7) 12.1(9.2)
Family history of FMS

Yes | 10 (26%) 16 (42%)

No | 29 (74%) 22 (58%)
Number of tender points at screening | 16.0 (2.0) 16.1 (1.4)
Objective NER threshold at baseline 317(142) | 280 (15.8)
(mA)
Weekly-recall pain VAS at baseline 621 (145) | 637 (15.1)
(mm)
Analgesic treatment at screening
Antidepressants

Yes 15 (39%) 17 (45%)

No | 24(61%) | 21(55%)
Other analgesics

Yes 26 (67%) 27 (71%)

No| 13(33%) | 11(29%)
Benzodiazepine at screening

Yes 10 (25%) 5 (13%)
No 29(75%) | 33 (87%)

BMI body mass index. PBO placebo; MLN Milnacipran

Efficacy Evaluation Objective

NFR Threshold

At week 7, the objective NFR threshold adjusted
changes (SE) following electrical stimulation were simi-
lar in both groups: PBO + 5.5 mA (1.7) and MLN + 4.1
mA (1.8). Experimental Quantitative Sensory Testing
DNIC test at baseline showed an overall low level of
activity (median AUC decrease by 10.2%). Following 7
weeks of treatment, the activity remained unchanged
in both groups.

However, DNIC restoration was observed in 55%
of patients who were on antidepressants at screening
but only in 22% of patients who were not treated with
psychotropic medications (OR 4.4, [95% CI: 1.2; 16.6], P
= 0.03). Cold and heat allodynia were present in all FMS
patients at baseline and remained unchanged at week
7. CPT and PPT were low at baseline, as expected, and
were not influenced by treatment (Table 2).

www.painphysicianjournal.com
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Table 2. Quantitative sensory testing ouicomes data.

PBO MLN
Baseline Week7 Baseline Week7 ACD P-value (195%
NFR Ojective Pain Threshold (mA) | 31.7 (142) | 37.2(19.4) | 28.0(158) | 322(16.1) | -1.4(2.5) 0.58 [-6.3; 3.5]
DNIC (%) 184 (25.3) | 24.4(28.6) | 26.3(30.4) | 24.9(28.4) -1.1(7.1) 0.88 [-15.1512.9]
Cold Perception Threshold (°C): 30.3 (1.3) 30.3 (0.9) 30.3 (1.1) 30.0 (1.5) -0.3 (0.3) 0.25 [-0.8;0.2]
Warm Pereption Threshold (°C): 34.2(0.7) 344 (1.2) 34.3 (0.9) 343 (1.0) -0.1(0.2) 0.51 [-0.6;0.3]
Cold Pain Threshold (°C) 21.0 (7.0) 20.2 (7.1) 21.0 (8.0) 20.5 (7.8) 0.5 (1.5) 0.76 [-2.5;3.5]
Heat Pain Threshold (°C) 40.3 (4.3) 40.6 (3.9) 40.3 (3.9) 40.3 (3.4) -0.4 (0.7) 0.56 [-1.8;1.0]
CPT Tolreance Latency (s) 19.7 (14.5) 20.8 (15.3) 20.9 (28.2) 19.6 (26.5) -2.0 (2.9) 0.49 [-7.653.6]
CPT Pain VAS score (mm) 75.7(15.0) | 75.5(15.0) | 74.3(13.6) | 72.2(16.6) 2.6 (3.4) 0.45 [-9.2;4.1]
PPT Overall (kPa/cm2) 187.1 (60.6) | 188.9 (67.0) | 182.8 (55.2) | 180.4(74.3) | -2.8(11.0) 0.8 [-24.3;18.8]

Baseline and week?7 data are presented as mean (+ SD) and the adjusted change difference (ACD) between groups as mean (+ SE).

PBO placebo; MLN Milnacipran ; NFR nociceptive flexion reflex (0-100); DNIC diffuse noxious inhibitory control; CPT cold pressor test;
PPT pressure pain Threshold. Mean values at baseline and week?7 (end of treatment) and mean adjusted change differences between groups are
displayed. MLN did not significantly modulate the activity of segmental spinal nociceptive neurons.

Relative difference: Weekly-recall Pain VAS Score

-100%
I

FBO MLN

The box plot of the relative changes in weekly-recall pain VAS scores
between baseline and week? in each group are displayed. MLN patients
reported a significant reduction in pain as compared to PBO patients.
Median relative changes were +1% in the PBO group and -26% in the treated
group. PBO placebo; MLN Milnacipran

Fig. 2. Weekly-recall pain VAS: change from baseline to week 7.

Subjective Spontaneous Pain Scores at Week 7

MLN patients reported a significant reduction in pain on the
weekly-recall pain VAS score as compared to PBO patients. The
adjusted change difference [95% Cl] between baseline and Week

7 was -12.4 mm [-23.1; -1.6] (P = 0.03). Fig. 2 displays
the relative changes in each group. The influence of
the administered dose was further investigated and
data suggested a dose-response relationship; the
adjusted change difference [95% Cl] in pain reduc-
tion (VAS) between MLN 200 mg and PBO groups
was -18.4 mm [-30.9; -5.8] (P = 0.02). When plasma
concentration of MLN was considered (tertiles of
Cmin concentration at week 7), data indicated a
concentration-response relationship; the adjusted
change difference [95% Cl] between PBO and the
tertile with the highest plasma level of MLN was
-34.2mm [-56.3; - 12.2] (P = 0.03). Fig. 3 displays the
relative changes in pain score for each MLN plasma
concentration tertile and PBO. The regional pain
score also showed a statistically significant adjusted
change difference between groups in favor of MLN.
While current VAS pain score change was not sig-
nificantly different between groups, the direction
of the effect was similar to the findings of weekly-
recall VAS pain and RPS.

Health-related quality of life and function
scores improved in the MLN group in comparison
to the PBO group. Fatigue and quality of sleep
were not influenced by treatment. None of the
participants experienced at baseline a current
depressive episode (exclusion criteria). CSQ scores
in both groups at baseline indicated low levels of
catastrophizing in the study population. BDI and
STAI-S scores remained unchanged from baseline
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Table 3. Quality of life and functional questionnaires outcomes data.

PBO MLN
ACD P- Value CI195%
Baseline Week7 Baseline Week7
WRP VAS (mm) 62.1(14.5) | 583(24.6) | 63.7(151) | 46.7(26.3) -12.4 (5.5) 0.03 [-23.1;-1.6]
CP VAS (mm) 50.8 (21.8) | 483(25.1) | 46.8(187) | 39.6(23.1) -6.0 (4.8) 0.22 [-15.4;3.5]
RPS 48.1(17.1) | 49.8(19.5) | 44.2(17.1) | 38.6(19.5) 7.7 (3.3) 0.02 [-14.2;-1.3]
FIQ Total score 547 (14.4) | 54.1(18.6) | 53.6(17.0) | 44.1(20.8) 9.1 (4.2) 0.04 [-17.4;-0.8]
SF-36 Physical Component 37.6 (6.9) 38.7 (7.3) 34.9 (7.5) 38.0 (7.7) 0.9 (1.4) 0.53 [-1.953.7]
SF-36 Mental Component 38.4 (9.6) 36.0 (10.4) 41.0 (9.7) 45.0 (11.9) 7.3 (2.4) <0.01 [2.6;511.9]
PGWSB Total index 50.6 (15.7) | 48.7(16.9) | 53.7(15.6) | 59.4(19.8) 8.3(3.7) 0.03 [1.0;15.5]
BDI -II Total score 12.6 (7.6) 15.0 (9.7) 10.6 (7.1) 10.8 (9.9) -2.8(1.9) 0.16 [-6.651.1]
STAI (STAI-S) 39.6 (11.6) 49.1 (14.0) 38.3 (13.5) 38.7 (13.6) -8.8(2.7) <0.01 [-14.0; -3.6]
CSQ Total score 12.9 (7.9) 13.0 (7.9) 12.7 (7.8) 102 (8.5) -2.5(1.5) 0.1 [-5.4;04]
MEFI Total score 66.9(13.6) | 66.2(155) | 657(11.7) | 61.0(15.9) -4.1(2.8) 0.15 [-9.6;1.4]
MOS-Sleep index I 58.5(17.9) | 529(19.8) | 57.1(18.1) | 52.3(19.0) 1.1(3.2) 0.74 [-5.257.3]
MOS-Sleep index IT 58.1(17.7) | 52.3(20.3) | 58.0(18.1) | 52.3(18.0) 0.7 (3.1) 0.82 [-5.4;6.8]

Baseline and week 7 data are presented as mean (+ SD) and the adjusted change difference (ACD) between groups as mean (+ SE).

PBO: placebo; MLN: Milnacipran; WRP: weekly-recall pain (0-100 worst); CP: current pain (0-100 worst); RPS: regional pain score (0-105 worst);
FIQ: Fibromyalgia Impact Questionnaire (0-100 worst); SF: Short-Form Health Survey (0-100 best); PGWB: Patient General Well Being (0-110
best); BDI: Beck Depression Inventory (0-63 worst); STA: State-Trait Anxiety Inventory (20-80 worst); CSQ: Coping Strategy Questionnaire (0-
36 worst); MFI: Multidimensional Fatigue Inventory (20-100 worst); MOS: Medical Outcome Study. Mean values at baseline and week7 (end of
treatment) and mean adjusted change differences between groups are displayed.

in the MLN group. However, since PBO patients
deteriorated on final evaluation, a between-group
difference was observed for STAI-S. These scores
remained unchanged at week 7 (Table 3). Scores
from PGIC and PGl were congruent and demon-
strated a clear benefit of MLN over PBO (OR = 5.1,
[95% CI: 1.0; 25.9], P = 0.04), for PGIC responders
(i.e. very much improved, much improved) and (OR
=2.3[95% ClI: 0.6; 8.6], P = 0.20) for PGI responders
among patients in the MLN group as compared to
the PBO. In addition, at week 7, PGR responder rate
(i.e. 1, 2) was 59.4% in the MLN group as compared
to 34.2% in the PBO group (P = 0.04).

Safety Evaluation

Thirty patients (81.1%) in the MLN and 36
(90%) in the PBO groups started the fixed dose
period on the maximal dose (daily dose). Twenty-
two (66.7%) in the MLN group and 32 (88.9%) in
the PBO group ended the fixed dose period on the
same daily dose.

As expected, with respect to MLN noradren-
ergic properties, vital sign time profiles showed
an overall trend toward blood pressure and heart

Relative difference: Weekly-recall Pain VAS

1

T T T T
PBO <136.5 ng/mi 136.5-197 ng/mil >197 ng/ml

The box plots of the relative changes in weekly-recall pain VAS between
baseline and week? for each tertiles and PBO are displayed. Data suggested a
concentration-response relationship. The median relative difference in pain
reduction between PBO and the tertile with the highest plasma level of MLN

was - 58%. PBO placebo; MLN Milnacipran.

Fig. 3. Weekly-recall pain VAS: change from baseline to week 7
according to MLN plasma concentration tertiles.
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rate increases in the MLN group at all doses. Ninety
percent of MLN patients (vs. 38% in the PBO group)
showed an increase of more than 10 mm Hg in either
systolic or diastolic blood pressure (P < 0.01). Heart rate
increased by more than 10 beats per minute was noted
in 82% of the MLN patients vs. 28% in the PBO group
(P<0.01).

Shifts of individual status from normal to high
blood pressure (> 140/90mm Hg) were comparable
between PBO and MLN-treated patients. Other ad-
renergic-related symptoms were reported with higher
incidence by patients in the MLN group vs. PBO. These
included hot flushes (49% vs. 18%, P < 0.01), hyperhy-
drosis (49% vs. 13%, P < 0.01), and constipation (41%
vs. 15%, P < 0.01). There were no new safety signals.

Discussion

The analgesic effect of MLN was clearly demon-
strated by the significant reduction on pain intensity
scales and a higher proportion of responders (according
to global evaluation scores (i.e. PGIC, PGI) in the MLN
group. In addition, this group systematically reported
improvement on quality of life and health-related ques-
tionnaires and post hoc pharmacokinetic analysis carried
out on the most clinically relevant outcome (weekly-re-
call pain VAS) suggested an interesting dose- and plasma
concentration-response relationships with MLN.

By contrast, the low magnitude of the adjusted
change in the objective NFR threshold and the absence
of group difference indicated that at these doses, MLN
did not significantly modulate the activity of segmental
spinal nociceptive neurons and treatment did not influ-
ence the DNIC activity or the documented thermoalgic
allodynia. In terms of safety profile noradrenergic-
related adverse reactions were reported more often by
the MLN treated population, as expected.

These results were quite unexpected since DNIC are
essential components of the pain modulatory system
that rely on spinal and supraspinal mechanisms through
the release of noradrenalin and serotonin (47-49) and
reduced DNIC activity has been linked to FMS (50,51).
In parallel, modulation of thermal allodynia has been
reported with SNRI in animal models (52,53). Therefore
MLN was expected to modulate thermal allodynia and
potentially restore normal DNIC activity. This absence
of measurable effects of MLN on these different ex-
perimental pain modalities might have been related
to the relatively low MLN dosage used in this study as
compared to preclinical trials. Interestingly however,
the DNIC restoration rate was significantly higher in

patients already taking antidepressants at screening
regardless of the treatment group. This may suggest
enhanced suprapinal inhibitory synaptic transmission
capacity in patients treated with antidepressants.

The limitations of this study need to be considered
when interpreting these results. We anticipated the
possibility that the expected pain modulation might
be related to the antidepressant properties of MLN.
Patient selection based on BDI scores (under the cut-off
for depression) was an essential step in neutralizing the
influence of this potential key confounder.

Furthermore low scores on the STAI-S and the CSQ
reflected the fact that the FMS patients included in this
study, although chronically suffering from pain and
allodynia, did not present any mood disorder. More-
over, the BDI score of MLN-treated patients remained
unchanged throughout the study while mild deteriora-
tion was observed in the PBO group. Therefore these
data suggest that the reported MLN analgesic effect
was most likely unrelated to its antidepressant proper-
ties. Prior to randomization, patients had been asked to
stop their usual analgesic treatment.

However, in order to address possible exacerba-
tions of pain (FMS-related or headaches) during the
course of the study that would be severe enough to
require additional therapy, short-acting rescue analge-
sics and sedatives were allowed punctually under the
control of the investigator, at the lowest possible doses
and for the shortest periods of time. This flexibility
was essential when taking into consideration the trial
duration, the requirement of a washout period, and
the potentially high rate of early withdrawal leading to
selection bias. In order to prevent any interference with
the study drug, analgesic prescriptions were carefully
monitored and ample time (no less than 5 half-lives)
was given before each evaluation visits (V2, V5) to en-
sure complete washout. Pharmacological treatment of
FMS patients remains a difficult challenge particularly
in the absence of a well defined causal factor that could
be targeted by specific treatments. This study refines
the pathophysiological mapping of FMS, better defines
the site of action of MLN administered at the FDA-
approved therapeutic dosage, and demonstrates that
MLN-validated clinical benefits are clearly unrelated to
its antidepressant properties.

ConcLuUsION

Data suggest that MLN has a predominantly supra-
spinal analgesic effect as evidenced by the clear clinical
benefits and the absence of changes in the nociceptive
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spinal reflex. A higher dose was associated with higher
pain reduction. The reported clinically significant benefit
of MLN in reducing pain and improving quality of life was
independent of patients’ emotional status. The centrally
acting analgesic properties of MLN could be related, at
least partially, to the enhancement of inhibitory neuro-
transmission in cerebral pain modulatory pathways.
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