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Abstract

Background Painful diabetic neuropathy is an important therapeutic challenge as the efficacy of analgesic drugs in this setting
is still unsatisfactory. Monotherapy with available treatments is often not sufficient and a combination of drugs is necessary.
Trazodone (TRZ) is a compound with a multi-modal mechanism of action, being a serotonin-2 antagonist/reuptake inhibi-
tor developed and approved for the treatment of depression in several countries. Previous clinical trials suggest a possible
beneficial effect of low doses of trazodone for the treatment of patients affected by painful diabetic neuropathy.

Objective This phase II study was designed to collect data on the efficacy and safety of low doses of TRZ combined with
gabapentin after 8 weeks of treatment in patients affected by painful diabetic neuropathy.

Methods This was a randomized, double-blind, placebo-controlled, multi-center, international, prospective study. Male
and female diabetic patients aged 18—75 years and affected by painful diabetic neuropathy were eligible for enrollment.
Subjects were randomized (1:1:1 ratio) to TRZ30 (10 mg three times daily for 8 weeks) or TRZ60 (20 mg three times
daily for 8 weeks) or placebo. Gabapentin as background therapy was administered in open-label conditions to all patients.
The primary endpoint was the change from baseline of the Brief Pain Inventory Short Form item 5 to week 8. Secondary
endpoints included the other Brief Pain Inventory Short Form items, and the assessment of anxiety, sleep, quality of life,
patient’s improvement, and safety.

Results One hundred and forty-one patients were included in the intention-to-treat population: 43 allocated to the TRZ30
group, 50 to the TRZ60 group, and 48 to the placebo group. After 8 weeks, the mean changes of Brief Pain Inventory Short
Form item 5 from baseline were — 3.1, —2.6, and — 2.5 in the TRZ30, TRZ60, and placebo groups, respectively. No statisti-
cally significant differences between groups were seen. Nevertheless, a better trend was observed for TRZ30 vs placebo (95%
confidence interval — 1.30, 0.15; p=0.1179), on top of the background effect of gabapentin administered to all study groups.
62.8% of patients achieved a > 50% reduction in the TRZ30 group, 54% in the TRZ60 group, and 45.8% in the placebo group.
At the same time, a statistically significant improvement was observed in Brief Pain Inventory Short Form item 6 for TRZ30
vs placebo (95% confidence interval —1.54, —0.07; p=0.0314). No serious adverse event occurred during the trial and the
most frequent treatment-emergent adverse events involved nervous system, QT prolongation, and gastrointestinal disorders.
Conclusions All treatment groups showed a clinically meaningful pain improvement; nevertheless, patients in the TRZ30
treatment group reported better efficacy outcomes. This finding suggests that low doses of TRZ could be useful for treating
painful diabetic neuropathy, and support further adequately powered confirmatory trials investigating the efficacy of TRZ.
Clinical Trial Registration NCT03202979, date of registration: 29/06/2017.

P4 Giorgio Cruccu
giorgio.cruccu@uniromal..it

Extended author information available on the last page of the article

A\ Adis


http://crossmark.crossref.org/dialog/?doi=10.1007/s40263-020-00760-2&domain=pdf

1178

P. Lipone et al.

Painful diabetic neuropathy represents a major challenge
in clinical practice in terms of pain control, impairment
of functioning, and quality of life.

Previous clinical trials suggest a possible beneficial
effect of low doses of trazodone for the treatment of
patients affected by painful diabetic neuropathy.

Low doses of trazodone on top of a full dosage of gabap-
entin were well tolerated by patients and improved pain,
sleep, and quality of life.

1 Introduction

Painful diabetic neuropathy (PDN) is one of the most com-
mon long-term complications in patients with type 1 and
2 diabetes mellitus [1]. About 7.5% of the patients already
experience painful diabetic peripheral neuropathy at the ini-
tial diagnosis and approximately 45-50% have this compli-
cation after 25 years [2]. Painful diabetic neuropathy may
interfere with general activity, mood, mobility, work, social
relations, sleep, leisure activities, and enjoyment of life and
patient generally have a poor quality of life [3].

The pathogenesis of PDN is not fully understood. How-
ever, several theories have been proposed such as changes
in the blood vessels that supply the peripheral nerves, meta-
bolic and autoimmune disorders with glial cell activation,
changes in sodium and calcium channel expression, and cen-
tral pain mechanisms, such as increased thalamic vascular-
ity and imbalance of the facilitatory/inhibitory descending
pathways [2]. Recent studies also demonstrated that gain-of-
function mutations of voltage-gated sodium channels may
contribute to PDN [4]. Moreover, several risk factors are
associated with PDN including worsening glucose tolerance,
older age, longer diabetes duration, alcohol, and smoking
[5].

Current treatment options include approved drugs such as
serotonin-norepinephrine reuptake inhibitors, e.g., duloxe-
tine, gabapentinoids such as pregabalin and gabapentin, topi-
cal treatment with capsaicin, and several off-label use drugs
such as other antidepressants (e.g., tricyclic antidepressants),
antiepileptic drugs, and weak and strong opioids. Unfortu-
nately, there is no consensus on the single most effective
drug and monotherapy rarely provides adequate pain relief
[6]. Clinical management of diabetic peripheral neuro-
pathic pain continues to represent a therapeutic challenge
and the response to existing treatments is often inadequate
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[7]. International guidelines also suggest the use of both
approved and off-label treatments, alone or in combination
[8]. Combinations and add-on therapies are encouraged as
potential solutions to improve safety and efficacy, which can
be achieved by lowering doses with the aim to reduce side
effects [9].

Some antidepressants are considered as an essential
component of the therapeutic strategy for the treatment of
different types of persistent pain [10]. It is supposed that
antidepressants such as tricyclic antidepressants or the sero-
tonin norepinephrine reuptake inhibitors may be involved in
the reinforcement of the descending inhibitory pathways by
increasing the amount of norepinephrine and serotonin in
the synaptic cleft at both supra-spinal and spinal levels [11].

Trazodone (TRZ) is a compound with a multi-modal
mechanism of action, being a serotonin-2 antagonist/reup-
take inhibitor approved in several countries for the treatment
of depression with or without anxiety, with a daily dosage
range of 150-600 mg [12]. Regarding the pharmacological
actions in humans, TRZ is thought to have more than one
mechanism of therapeutic action, making it a multi-func-
tional drug with dose-dependent pharmacological actions
[13]. Being an antidepressant belonging to the class of
serotonin-2 antagonist/reuptake inhibitors, TRZ is a potent
and selective postsynaptic 5-HT,, antagonist and a moder-
ately potent serotonin reuptake inhibitor, with high affinity
for 5-HT,, receptors and moderate affinity for 5-HT, , and
5-HT, receptors [14—16]. Because of its combined seroto-
ninergic receptor antagonism and serotonin reuptake inhibi-
tion, TRZ has demonstrated unique therapeutic flexibility,
which has given rise to its potential use in a broad range
of co-morbidities associated with major depressive disor-
der as well as off-label use, including insomnia, anxiety,
dementia, Alzheimer’s disease, substance abuse, schizophre-
nia, bulimia, and fibromyalgia [15]. In addition, the fewer
adverse drug reactions potentially related to the stimulation
of 5-HT,, receptors in comparison with serotonin selective
reuptake inhibitors (i.e., agitation, anxiety, sexual dysfunc-
tion, and sleep disturbances), associated with a moderate
effect on the QT interval, confirm the very good tolerability
profile of TRZ [15].

Recent preclinical studies suggested a potential role of
5-HT,, and the mGlu2/3 heterodimer both in the brain
and the spinal cord accounting for hyperexcitability and
a cellular signaling cascade related to glutamate exocyto-
sis and neuropathic pain [17-19]. Based on this cross-talk
mechanism, it has been proposed that TRZ, a potent 5-HT),
antagonist, could possibly modulate the glutamate exocy-
tosis [19].

Indeed, low doses of TRZ (starting from 50 mg/day) have
been already used in neuropathic pain, suggesting a potential
beneficial effect for pain relief [20, 21]. Consequently, the
present phase II study was designed to collect preliminary
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data on the efficacy and safety of low doses of TRZ for the
treatment of patients affected by PDN in a randomized con-
trolled clinical trial.

2 Methods
2.1 Study Design and Populations

This was a phase II, randomized, double-blind, placebo-con-
trolled, double-dummy, dose-finding, parallel-group, multi-
center, international, prospective pilot study performed in
20 investigational sites in three European countries (Czech
Republic, Hungary, and Poland). The EudraCT trial num-
ber was 2016-002772-27. The study consisted of three main
study periods: the screening and wash-out, the 8-week dou-
ble-blind investigational treatment period, and the 1-week
tapering period, for a maximum of 11 visits in total (Fig. 1).

The patients were eligible to enter the study if the fol-
lowing inclusion criteria were met: male or female patient
between 18 and 75 years of age (limits included) affected
by PDN manifesting with distally distributed neuropathic
pain (the diagnosis of neuropathy was based on a structured
clinical examination); stable glycemic control with a glyco-
sylated hemoglobin value of <10% at the screening visit;
pain persisting for at least 3 months; neuropathic pain con-
firmed by a Douleur Neuropatique 4 score >4 at the screen-
ing visit; Brief Pain Inventory Short Form (BPI-SF) 24-h
average pain score (item 5) >4 at the screening and baseline
visits; patient who was currently not receiving treatment for
PDN or a patient who was receiving treatment, with drug/s
other than gabapentin, and had completed the required wash-
out; women of childbearing potential had to have a negative
pregnancy test at the screening visit; patients legally capable
to give their consent to participate in the study and avail-
able to sign and date the written informed consent. Main
exclusion criteria included: other forms of neuropathic pain
or non-neuropathic pain; concomitant treatment with other
medications for pain management; use of TRZ or gabapentin
in the previous 3 months; active foot ulcer or previous major
limb amputation; glomerular filtration rate value <60 mL/

min calculated by the Modification of Diet in Renal Disease
formula.

A total of 120 evaluable patients were planned to be
enrolled in the study and randomized to one of the follow-
ing three treatment groups in double-blind conditions:

e Group 1: TRZ 20 mg three times daily (t.i.d.) for 8 weeks.
The total daily dose was 60 mg.

e Group 2: TRZ 10 mg t.i.d. for 8 weeks. The total daily
dose was 30 mg.

e Group 3: placebo (PLB) t.i.d. for 8 weeks.

In addition, gabapentin as background therapy was
administered in open-label conditions to all patients, accord-
ing to the following regimen:

1. 100 mg (one capsule) t.i.d., from day O to day 6 (+ 1);
100 mg (two capsules) t.i.d., from day 7 (1) to day 13
(=D

3. 300 mg (one capsule) t.i.d., from day 14 (x 1) to day 20
(1)

4. 400 mg (one capsule) t.i.d., from day 21 (+1) to day 27
(£2);

5. 300 mg (two capsules) t.i.d., from day 28 (+2) to day 34
(£2);

6. 400 mg (two capsules) t.i.d., from day 35 (+2) to the end
of the trial.

A slow titration of gabapentin was applied to control pos-
sible side effects when co-administered with TRZ. The target
dosage of gabapentin was 2400 mg daily by week 5. For
patients presenting with a glomerular filtration rate value
between 60 and 79 mL/min at the screening visit, the target
maximum total daily dose was 1800 mg.

After the 8-week treatment period, patients started 1 week
of tapering off in double-blind conditions. Thus, patients
allocated to group 1 received TRZ 10 mg t.i.d., while
patients allocated to groups 2 and 3 received a PLB oral
solution.

During the study, medications for pain management,
including but not limited to tricyclic antidepressants,
serotonin and norepinephrine reuptake inhibitors, other

Fig.1 Study design. D day,
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if wash-out
is not
applicable)
Gabapentin treatment period with slow titration >
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gabapentinoids different from gabapentin, opioids, mexi-
letine hydrochloride, carbamazepine, phenytoin, valproate
sodium, dextromethorphan, capsaicin, corticosteroids, non-
steroidal anti-inflammatory drugs, skeletal muscle relaxants,
benzodiazepines, and over-the-counter medications with
centrally acting properties, were prohibited and discontin-
ued for a period specific to the taper schedule (based on five
elimination half-lives of the used medication) before rand-
omization. In case of need, only paracetamol as an analgesic
and aspirin for prophylaxis of a myocardial infarction or
transient ischemic attack were allowed, both administered
in accordance with their Summary Product Characteristics.

2.2 Randomization and Blinding

At visit 0 (day 0), patients were randomized in a 1:1:1 ratio
to the three parallel groups, based on a computer-generated
sequence. Double blinding was maintained throughout
all treatment periods by using a TRZ solution matching
PLB solution and the same dosing regimen for all groups
in terms of timing and number of drops. Only gabapentin
as background therapy (100-, 300-, and 400-mg capsules;
Neurontin®, Pfizer, Latina - Italy) was administered in open-
label conditions. In case of medical emergency, the inves-
tigator was able to unblind the treatment code through the
blinded labels provided by the sponsor.

2.3 Study Outcome Measures

The primary endpoint of the study was the change from
baseline of the BPI-SF item 5 ‘24-hour average pain score’
to week 8. The BPI-SF is a patient-completed numeric rat-
ing scale that assesses the severity of pain, its impact on
daily functioning, and other aspects of pain (e.g., location
of pain, relief from medications) and it has been specifically
validated for PDN [22, 23]. The BPI-SF item uses a 0-10
numeric rating scale anchored at zero for “no pain” or “does
not interfere” and 10 for “pain as bad as you can imagine”
or “completely interferes”.

As secondary endpoints, this study assessed the follow-
ing parameters: the neuropathic pain symptoms using the
Neuropathic Pain Symptom Inventory and the other items
of the BPI-SF; anxiety using the Hamilton Anxiety Rating
Scale; sleep using the Leeds Sleep Evaluation Question-
naire; quality of life using the SF-36; patient’s improvement
using the Patient Global Impression of Change; and safety
and tolerability.

As safety variables, adverse events were monitored
throughout the whole study period from the signature of
the informed consent form up to the last visit. A complete
physical examination (including the measurement of vital
signs) was performed at all applicable visits, while labora-
tory analyses (hematology, serum chemistry, and urinalysis)
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were performed at the screening visit, visit 4, and visit 8.
Blood and urine samples were analyzed by the Central
Laboratory ACM located in the UK and laboratory reports
were assessed by the investigator. At all visits, the patients
were also monitored for cardiac safety: 12-lead electrocar-
diograms (ECGs) were evaluated by the Central Cardiac
Laboratory Bioclinica located in USA.

2.4 Statistical Analysis

This clinical trial planned to collect preliminary information
on the efficacy outcome measures. In this context, a sample
size of 40 patients per group was considered adequate for
this purpose. In further confirmatory clinical trials, which
may be conducted to prove the effect of the drug, the sample
size calculation will be based on the preliminary evidence
collected during this study.

For statistical purposes, the intention-to-treat (ITT) popu-
lation was defined as all randomized patients who took at
least one dose of the study medication, having a baseline
evaluation and at least one post-baseline BPI-SF evaluation.
The last observation carried forward method was imple-
mented as the imputation scheme for missing data in the ITT
population. Efficacy endpoints were reported descriptively
as the 95% confidence interval (CI) around the mean change
from baseline. In addition, an analysis of covariance model
was applied and the relevant least-square mean change
from baseline to the endpoint was estimated and compared
between treatment groups. If statistical assumptions under-
lying the analysis of covariance model were not satisfied,
an analysis of variance model was applied. No adjustment
for multiple comparisons were implemented. Results from
hypothesis testing were treated as preliminary and inter-
preted with caution.

3 Results
3.1 Patient Disposition and Baseline Characteristics

The trial was conducted from May 2017 (first patient-in)
to August 2018 (last patient-out). Two hundred and four-
teen patients were evaluated for eligibility, 72 patients were
excluded for different reasons (64 screening failure, seven
requested to be excluded, one other), while 142 patients
were randomized and received the allocated treatment: 43
in the TRZ30 group, 51 in the TRZ60 group and 48 in the
PLB group. One patient in the TRZ60 group was excluded
from the ITT population because of the lack of a post-base-
line BPI-SF evaluation. Consequently, the ITT population
included 141 patients (43 in the TRZ30 group, 50 in the
TRZ60 group, and 48 in the PLB group). Reasons for dis-
continuation as well as the number of patients completing
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the study, are reported in Fig. 2. Patient characteristics
(Table 1), neuropathic pain efficacy measures, and mood
assessments (Table 2) at baseline were similar in each treat-
ment group and no statistically significant differences were
seen.

3.2 Primary Efficacy Result

After 8 weeks of treatment, the mean + standard deviation
of the BPI-SF item 5 score was reduced from 5.7 +1.01

(baseline) to 2.6 + 1.68 (visit 8) in the TRZ30 group; from
5.6 +1.05 (baseline) to 3.0+ 1.86 (visit 8) in the TRZ60
group, and from 5.7 +1.14 (baseline) to 3.2 + 1.80 (visit
8) in the PLB group. The mean changes were — 3.1, — 2.6,
and —2.5 in the TRZ30, TRZ60, and PLB groups, respec-
tively. No significant (p > 0.05) differences between groups
were observed. Nevertheless, a better effect was observed
for TRZ30 vs PLB (95% CI —1.30, 0.15; p=0.1179). A
statistically significant difference resulted for TRZ30 vs
PLB at visit 4 (day 28) [95% CI —1.57, —0.15; p=0.0182)

ENROLLED PATIENTS

(N=214)
EXCLUDED (N=72)
—> SCREENING FAILURE (N=64)
CONSENT WITHDRAWAL (N=7)
OTHER REASONS (N=1)
v
RANDOMISED
(N=142)
ALLOCATED TO TRAZO30 ALLOCATED TO TRAZO60 ALLocaTeD TO PLB
AND RECEIVED ALLOCATED AND RECEIVED ALLOCATED AND RECEIVED ALLOCATED
INTERVENTION INTERVENTION INTERVENTION
(N=43) (N=51) (N=48)

1

l

1

DISCONTINUED INTERVENTION (N=10)
e CONSENT WITHDRAWAL (N=6)

e QTCF PROLONGATION (N=3)

e OTHER REASONS (N=1)

DISCONTINUED INTERVENTION (N=15)
e CONSENT WITHDRAWAL (N=5)

e QTCF PROLONGATION (N=5)

e OTHER REASONS (N=5)

DISCONTINUED INTERVENTION (N=13)
e CONSENT WITHDRAWAL (N=2)
ADVERSE EVENTS (N=3)
PROHIBITED MEDICATION (N=1)
QTCF PROLONGATION (N=5)
OTHER REASONS (N=2)

l

COMPLETED (N=33)

l

COMPLETED (N=36)

Fig. 2 Patient disposition. PLB placebo, QTcF Fridericia’s Correction Formula, TRZ trazodone

l

COMPLETED (N=35)
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Table 1 Baseline characteristics

TRZ30 (n=43) TRZ60 (n=51) PLB (n=48)
Age (years), mean (SD) 62.1 (8.55) 63.2 (8.45) 62.3 (7.19)
Sex, mean (%)

Male 25 (58.1) 26 (51.0) 23 (47.9)

Female 18 (41.9) 25 (49.0) 25(52.1)
Race, mean (%)

White 43 (100.0) 51 (100.0) 48 (100.0)
BMI, mean (SD) 30.1 (5.47) 30.2 (5.09) 31.7 (5.20)
DN4 score, mean (SD) 6.8 (1.33) 7.3 (1.39) 6.9 (1.35)
Concomitant disease, n (%)

Hypertension 36 (16.4) 38 (15) 38 (14.5)

Hypercholesterolemia 8(3.7) 8(3.2) 702.7)

Dyslipidemia 7(3.2) 11 (4.3) 702.7)

Obesity 73.2) 8(3.2) 13 (5.0)
HbA . (%), mean (SD) 7.2 (1.18) 7.0 (1.24) 6.8 (1.00)
GFR value, mL/min (mL/min/1.73 m?) 84.7 (16.92) 81.0 (15.09) 87.2 (16.46)
mean (SD)

Systolic blood pressure—lying position, mmHg, mean (SD) 136.9 (15.68) 134.6 (10.19) 137.0 (13.96)
Diastolic blood pressure—lying position, mmHg, mean (SD) 79.8 (6.96) 81.0 (7.60) 80.1 (8.74)
Heart rate—lying position, bpm, mean (SD) 72.4 (11.89) 70.3 (9.59) 72.6 (11.25)

QTcF value, ms, mean (SD)

423.5 (14.50)

417.3 (18.62)

419.5 (17.61)

All investigational groups also received gabapentin as background therapy

BMI body mass index, bpm beats per minute, DN4 Douleur Neuropatique 4, GFR glomerular filtration rate, HbA;,. glycosylated hemoglobin,

PLB placebo, QTcF Fridericia’s Correction Formula, SD standard deviation, TRZ trazodone

Table 2 Efficacy measures at baseline

TRZ30 (n=43) TRZ60 (n=50) PLB (n=48)
BPI-SF
24-h average pain (item 5), mean (SD) 5.7 (1.01) 5.6 (1.05) 5.7 (1.14)
Pain at its worst in the last 24 h (item 3), mean (SD) 6.7 (1.59) 7.1 (1.54) 6.5 (1.80)
Pain at its least in the last 24 h (item 4), mean (SD) 3.7 (1.73) 3.7 (1.88) 4.1 (1.79)
Pain right now (item 6), mean (SD) 4.9 (2.03) 4.9 (2.08) 4.8 (1.90)
Pain relief provided in the last 24 h (item 8), mean (SD) 13.0 (21.77) 14.0 (26.48) 12.9 (20.42)
How much the pain impacted in the last 24 h on:
General activity (item 9A), mean (SD) 5.3 (2.20) 5.3(1.83) 5.3(1.89)
Mood (item 9B), mean (SD) 4.3(2.37) 44241 4.0 (2.14)
Walking ability (item 9C), mean (SD) 5.3(2.37) 5.1 (2.49) 5.4 (1.94)
Normal work (item 9D), mean (SD) 4.7 (2.21) 5.0 (2.19) 4.9 (2.10)
Relations with other people (item 9E), mean (SD) 3.6 (2.14) 2.7 (2.30) 2.9 (2.45)
Sleep (item 9F), mean (SD) 4.8 (2.68) 5.2(2.25) 5.0 (2.45)
Enjoyment of life (item 9G), mean (SD) 3.9 (2.42) 3.9 (2.67) 3.7 (2.53)
NPSI
Total score, mean (SD) 40.1 (20.75) 42.5(21.71) 42.6 (18.77)
HAM-A
Total score, mean (SD) 10.3 (10.06) 8.8 (7.74) 11.4 (10.48)

All investigational groups also received gabapentin as background therapy
BPI-SF Brief Pain Inventory Short Form, HAM-A Hamilton Anxiety Rating Scale, NPSI Neuropathic Pain Symptom Inventory, PLB placebo,

SD standard deviation, TRZ trazodone
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and a strong trend was observed at visit 5 (day 35) [95%
CI —1.51, 0.03; p=0.0593] and visit 9 (day 63) [95% CI
—1.41, 0.04; p=0.0630] (Fig. 3). The clinical relevance of
the effect showed by TRZ30 could be meaningful as it is on
top of the well-known effect performed by gabapentin that
was administered to all study groups as background therapy.
Similarly, a numerically, but non-significantly, larger propor-
tion of patients in the TRZ30 group (n=27 [62.8%]) com-
pared with the TRZ60 group (n=27 [54%]) and the PLB
group (n=22 [45.8%]) achieved a >50% reduction in BPI-
SF item 5 score (Table 3).

3.3 Secondary Efficacy Results

All treatment arms were similarly effective on secondary
outcomes including the Neuropathic Pain Symptom Inven-
tory, Hamilton Anxiety Rating Scale, and Patient Global
Impression of Change. Among the other items of BPI-SF,

statistically significant differences were observed for item 6
‘how much pain you have right now’ for TRZ30 vs PLB at
visit 4 (day 28) [95% — 1.49, —0.03; p=0.0411], at visit 8
(day 56) [95% —1.54, —0.07; p=0.0314], and visit 9 (day
63) [95% —1.74, —0.19; p=0.0155] (Fig. 4).

Interestingly, TRZ30 achieved — 3 points pain relief on
BPI items 5 and 6. What determined the different level of
significance on the two items was the behavior of the PLB
group, which scored —2 points with item 5 but reached
—2.5 points with item 6. Furthermore, while the PLB curves
clearly plateaued between visits 6 and 9, with both items 5
and 6, the TRZ30 curves kept on lowering, even at visit 9,
as if the effect was potentiated at longer times of treatment.

Concerning the effect on sleep, four main aspects were
assessed by the Leeds Sleep Evaluation Questionnaire: the
ease of getting to sleep (three items), the perceived quality
of sleep (two items), the ease of awakening from sleep (two
items), and the integrity of early morning behavior following

1,0
0,5
+—TRZ30 +--TRZ60 =—o—PLB
0,0
w
3% .
% PRIMARY ENDPOINT
= -1,0
‘e _ TRZ30vs PLB: P =0.1179
g .15 . TRZ30vs TRZ60: P = 0.2670
2 . TRZ60vs PLB:  P=0.6272
v
S
8 -2,0
E
2,5
. . e
3.0 TRZ30vs PLB . X
’ P=0.0182  TRZ30vs PLB . .
P =0.0593 TRZ30 vs PLB
-3,5 P=00630
0 1 2 3 4 5 6 7 8 9
Visits

Fig.3 Change from baseline of the Brief Pain Inventory Short Form
(BPI-SF) item 5 in the intention-to-treat with last observation car-
ried forward population. Item 5 measurement: please rate your pain

by circling the one number that best describes your pain on average
[0-No pain; 10-Pain as bad as you can imagine]. PLB placebo, TRZ
trazodone

Table 3 Percentage of responders in the intention-to-treat (ITT) population

ITT with LOCF population TRZ30 (n=43) TRZ60 (n=50) PLB (n=48) p value
Responder, n (%) 27 (62.8) 27 (54.0) 22 (45.8) 0.428%
Non-responder, n (%) 16 (37.2) 23 (46.0) 26 (54.2)

All investigational groups also received gabapentin as background therapy

LOCEF last observation carried forward, PLB placebo, TRZ trazodone
#Variables were compared by the Cochran—-Mantel-Haenszel test
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Fig.4 Change from baseline of the Brief Pain Inventory Short Form
(BPI-SF) item 6 in the intention-to-treat with last observation carried
forward population. Item 6 measurement: please rate your pain by

wakefulness (three items). Generally, an improvement in the
sleep variables was observed at visit 4 (day 28) in all treat-
ment groups as compared with baseline. However, patients
receiving TRZ reported better outcomes at visit 8 (day 56)
as compared with the previous visits, even if no statistically
significant difference was detected (TRZ30 vs PLB: 95%
—17.91, 37.54; p=0.4848) (Fig. 5).

Fig.5 Change from baseline
of the Leeds Sleep Evaluation

Questionnaire (LSEQ) total 40
score in the intention-to-treat
with last observation carried 35

forward population. PLB pla-
cebo, TRZ trazodone

Mean change LSEQtotal score
~N
=)

o= TRZZ0 ----9

circling the one number that tells how much pain you have right now
[0-No pain; 10-Pain as bad as you can imagine]. PLB placebo, TRZ
trazodone

All study groups showed also an improvement in quality
of life after 8 weeks of treatment. The SF-36 questionnaire
measured physical functioning, role limitations attributable
to physical problems, social functioning, bodily pain, gen-
eral mental health, emotional problems, vitality, and general
health problems. In particular, mood disturbances and vital-
ity were restored, reaching values close to those estimated

TRZ60 e==g=PLB

TRZ60 vs PLB: P = 0.2977
TRZ30 vs PLB: P = 0.4848
TRZ30 vs TRZ60: P = 0.7607

0 «
Visit 0
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in the general population that can be used as an indirect
control.

When the SF-36 questionnaire was used to assess the per-
centage of the positive risk for depressive disorder, a marked
effect of TRZ30 on top of gabapentin as background therapy
was shown in reducing the risk of depression in patients with
PDN. Although at baseline a higher percentage (52%) of
patients in the TRZ30 group had a positive risk for depres-
sion as compared with the TRZ60 (31%) and PLB (38%)
groups, at visit 8, the percentage of risk in the TRZ30 group
was reduced to 21% vs 25% in the TRZ60 group and 29% in
the PLB group. Patients in the TRZ30 group showed a statis-
tically significant reduction in this risk (p =0.0046), reach-
ing a value very close to the risk for depression estimated
in the general population (indirect control) (18%) (Fig. 6).

3.4 Safety and Tolerability Results

A total of 142 patients were included in the safety analysis.
No serious adverse event occurred during the trial and a total
of 133 treatment-emergent adverse events were recorded
during the study, as displayed in Table 4.

The most frequent treatment-emergent adverse events
involved principally the nervous system disorders (28 events:
ten in TRZ30, ten in TRZ60, and eight in PLB) and inves-
tigations (27 events: six in TRZ30, nine in TRZ60, and 12
in PLB) followed by gastrointestinal disorders (15 events:
seven in TRZ30, three in TRZ60, and five in PLB), as sum-
marized in Table 5.

The safety review of laboratory (blood and urine) analy-
sis, vital signs, ECG, and physical findings did not show
any significant clinical effect of the study treatments. Some
clinically significant alterations were mainly related to the
underling or concomitant diseases. On the whole, a favora-
ble safety profile of TRZ at low doses was demonstrated
in this study, also when administered with a full dosage of
gabapentin.

4 Discussion

Although this phase II, randomized controlled clinical
trial, designed to evaluate the efficacy and safety of TRZ
for the treatment of PDN, failed to achieve the primary
endpoint (i.e., change from baseline of the BPI-SF item 5

Fig.6 Percent of patients with 100
a positive risk for depressive
disorder assessed by the SF-36 %0
questionnaire (intention-to-treat 20
with last observation carried
forward population). TRZ 70
trazodone
60
52 «p=0.0046
X 50
40 38
29 31
30 25
21
20 18
0
Reference (General Placebo Trazo 30" Trazo 60
Population)
M Reference Baseline M Visit8
Table 4 Overall summary of treatment-emergent adverse events (TEAEs) in the safety population
TRZ30 (n=43) TRZ60 (n=51) PLB (n=48)
TEAE, n (%) 53 (39.8) 35 (26.3) 45 (33.8)
SAE, n (%) 0(0) 0(0) 0(0)
Patients with TEAEs, n (%) 27 (62.8) 21 (41.2) 20 (41.7)
TEAES leading to discontinuation, n (%) 9(17.0) 6(17.1) 9 (20.0)

All investigational groups also received gabapentin as background therapy

PLB placebo, SAE serious adverse event, TRZ trazodone
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Table 5 Summary of the most frequent treatment-emergent adverse events (TEAEs) [>5%] by system organ class
TEAEs TRZ30 (n=43) TRZ60 (n=51) PLB (n=48)
Ear and labyrinth disorders, n (%)

Vertigo 2 (3.8) 2(5.7) 0(0)
Gastrointestinal disorders, n (%)

Nausea 3(.7) 0(0) 3(6.7)
General disorders, n (%)

Fatigue 1(1.9) 2(5.7) 0(0)

Peripheral swelling 2(3.8) 2(5.7) 3(6.7)
Investigations, n (%)

Electrocardiogram QT prolonged 4(7.5) 5(14.3) 8 (17.8)
Metabolism and nutrition disorders, n (%)

Hypoglycemia 1(1.9) 0(0) 3(6.7)
Musculoskeletal and connective tissue disorders, n (%)

Back pain 3(5.7) 2(5.7) 1(2.2)
Nervous system disorders, n (%)

Disturbance in attention 00 4(11.4) 0(0)

Dizziness 2(3.8) 1(2.9) 5(11.1)

Somnolence 4 (7.5) 2(5.7 2(4.4)

All investigational groups also received gabapentin as background therapy

PLB placebo, TRZ trazodone

at week 8), it showed that patients receiving low doses of
TRZ combined with gabapentin reported better outcomes
in all the efficacy measures, in comparison with the two
other treatment groups, with a favorable safety profile.

Painful diabetic neuropathy is a multi-factorial condi-
tion as several pathophysiological mechanisms can simul-
taneously occur and influence the onset and the course
of symptoms. So far, just a few medications proved to be
efficacious in the treatment of PDN, owing to the very
high rate of failure of clinical trials in the field of chronic
pain partially driven by an increasing placebo effect [24].
Accordingly, TRZ, a drug with a multi-modal mechanism
of action, approved for the treatment of depression in sev-
eral countries, is suggested as an alternative treatment for
pain relief by the NICE Clinical Guideline Neuropathic
pain—Pharmacological Management [7].

The primary efficacy result, i.e., the BPI-SF item 5
score after 8 weeks of treatment, was similar across the
three treatment groups. We hypothesize that our rand-
omized controlled clinical trial failed to achieve the pri-
mary endpoint possibly owing to the open-label back-
ground therapy with gabapentin contributing to the overall
improvement of pain measures.

We believe, however, that our clinical trial may support
the effect of TRZ in patients with PDN because we found
that patients treated with the low dose of TRZ reported bet-
ter BPI-SF outcomes in comparison with gabapentin. Simi-
larly, a larger proportion of patients in the TRZ30 group
(62.8%) achieved a >50% reduction in BPI-SF item 5 score,
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in comparison with patients treated with gabapentin only
(45.8%).

Our randomized controlled clinical trial demonstrated
that low doses of TRZ combined with gabapentin signifi-
cantly improved depression, sleep, and several BPI-SF items,
including the BPI-SF item 6 (i.e., how much pain you have
right now). The risk of depression, as assessed with the SF-36
questionnaire, was significantly lower in patients treated with
TRZ30 than in patients treated with gabapentin only. This
finding may have an important clinical interest, given the well-
known association between neuropathic pain and depression
[25]. We found that patients receiving TRZ reported favorable
sleep outcomes (though this effect was similar across the three
groups); our study, therefore, supports previous evidence show-
ing that low doses of TRZ improve sleep. This effect might
be particularly important in the clinical management of PDN,
given the close association between neuropathic pain and sleep
disturbances [26]. Trazodone, unique among antidepressants,
has a mixed serotonergic and adrenolytic activity effective for
multiple disorders including insomnia and anxiety [12, 27]. At
doses lower than those used for the treatment of depression, the
hypnotic effect is thought to be attributed to the antagonism of
5-HT,, receptors, histamine H; receptors, and «l-adrenergic
receptors [13].

Our randomized controlled clinical trial showed that TRZ
has a favorable safety profile, also when combined with a rela-
tively high dosage of gabapentin. The frequency of adverse
events, abnormal laboratory analysis, vital signs, ECG, and
physical findings was similar across the three treatment groups.
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Previous studies described QT prolongation in patients
treated with trazodone [28]. However, in our trial, we found that
the frequency of QT prolongation was lower in the TRZ groups
(TRZ30: 7.5%; TRZ60: 14.3%) than in the gabapentin group
(17.8%). Whereas the other commonly used antidepressants
for neuropathic pain (e.g., tricyclic antidepressants) are associ-
ated with a distinctive risk for QT prolongation, only a high
TRZ dosage affects the QT interval [29]. The cardiovascular
safety of TRZ might be clinically important, given the frequent
comorbidities and multiple treatments of patients with PDN.

How TRZ might be effective for treating pain remains a
possibly controversial problem. Trazodone is a potent 5-HT,
antagonist. Animal studies showed that experimental nerve
injuries provoke the upregulation of the 5-HT,, receptor in
dorsal horn neurons promoting spinal hyperexcitation [17].
Recent studies suggested a cross-talk mechanism between
5-HT,, and mGlu2/3 receptors both in the brain and in the spi-
nal cord [18, 19]. In particular, in the spinal cord, mGlu2/3 and
5-HT,, receptors colocalize at a presynaptic level and 5-HT,,
antagonists trigger positive allosteric modulations of mGlu2/3
autoreceptors in controlling glutamate exocytosis [19]. Accord-
ingly, TRZ might modulate nociceptive second-order activa-
tion and thus reduce pain. The functional interaction between
5-HT,, and mGlu2/3 receptors could be specifically elicited
by low doses of TRZ, probably owing to specific properties
of TRZ pharmacological action on the 5-HT,, receptor. The
receptor binding profile of TRZ shows that increasing doses,
beyond the saturation of 5-HT,, receptors, recruits additional
pharmacological actions, specifically blockade of al-adrenergic
receptors and H, receptors as well [15]. Further investigations
into the mechanism of action of TRZ at the spinal level are
ongoing and further clinical studies could be useful to assess the
effect of even lower doses of TRZ for treating neuropathic pain.

4.1 Limitations

In this clinical trial, we did not calculate a precise sample
size estimation, thus increasing the risk that this study was
not able to test the hypotheses of interest. It follows that we
cannot exclude that the study failed to achieve the primary
endpoint because of a low statistical power.

We used the last observation carried forward method for
handling missing data in the ITT population. Admittedly,
this approach may affect our findings, producing a bias in
the treatment estimation [30]. However, last observation car-
ried forward is commonly used in explorative phase II tri-
als, and a more conservative approach such as the baseline
observation carried forward method is specifically useful in
conditions with a spontaneous improvement over the course
of the study.

In our study, about 27% of patients did not complete
the study (without differences across the three treatment
groups). The most frequent reasons for discontinuation were

the withdrawal of consent (13 patients) and the QT prolonga-
tion (13 patients). The demanding weekly study procedures
probably reduced the patients’ willingness to participate in
the clinical trial and influenced the drop-out rate. In this
trial, we applied stringent ECG safety criteria, thus probably
causing a high frequency of discontinuation for the QT pro-
longation. At each study visit, the QT interval was calculated
and corrected according to Fridericia’s Correction Formula.
Any Fridericia’s Correction Formula value >450 ms (male)
or 470 ms (female) resulted in patient discontinuation,
though no patient reported any cardiac symptoms or signs.

5 Conclusions

This is the first randomized clinical trial collecting data
on the efficacy and safety of low doses of TRZ compared
to PLB over a background treatment with gabapentin in
patients affected by PDN. Although this clinical trial failed
to achieve the primary endpoint, all efficacy results consist-
ently favored TRZ 10 mg t.i.d. (TRZ30) on top of gabapentin
as background therapy. These findings, therefore, suggest the
potential benefit of low doses of TRZ for treating patients
with PDN and support further adequately powered confirma-
tory trials investigating the efficacy of TRZ.
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