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Abstract

Background: Systemic and intrathecal adenosine reduce chronic neuropathic and nociceptive pain; however, the effect of adeno-
sine epidural injection in the treatment of neuropathic cancer-related pains remains unclear.
Objectives: The objective of this study was to evaluate the efficacy of a single epidural administration of adenosine in alleviating
chronic neuropathic pain in patients with primitive neuroectodermal tumors.
Methods: In this single-blind randomized clinical trial with the unique ID of IRCT2017031428878N1, 88 patients with chronic neu-
ropathic pain were divided into two equivalent groups. Two groups were treated with a single dose epidural administration of
ropivacaine, 0.75 mL/kg from 0.2% solution (both groups), plus adenosine, 50 mcgr/kg (adenosine group), or normal saline (control
group). Patients were evaluated on the days 1, 2, 3, 5, 7, 10, and 14 after injection.
Results: Both groups showed a reduction in pain severity according to verbal rating scale (VRS) (3 ± 0.09-1 ± 0.05 in adenosine,
4 ± 0.08-1 ± 0.00 in the control group) and visual analogue scale (VAS) (7 ± 0.25-1 ± 0.12 in adenosine, 8 ± 0.22-1 ± 0.06 in the
control group); however, this reduction was significantly higher in the control group (P < 0.0005). The intensity of neuropathic pain
decreased in both groups according to Douleur Neuropathique 4 questions (DN4) scores (from 5±0.23-1±0.04 in adenosine group,
and from 5.5 ± 0.24-1 ± 0.00 in the control group) without a significant difference between the groups (P = 0.19). Adenosine group
had less nausea and vomiting (P < 0.0005).There was no significant difference in patient satisfaction levels between adenosine and
control groups (P = 0.09).
Conclusions: Administration of bolus epidural adenosine is not effective in reducing neuropathic pain in patients with primitive
neuroectodermal tumors.
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1. Background

Treatment of neuropathic pain, especially in patients
with primitive neuroectodermal tumors (PNET), is one of
the challenges in cancer pain management. This is gener-
ally a consequence of neuropathic pain’s chronic and se-
vere nature, resistance to most of the current analgesics,
and the possibility of association with allodia (touch-
evoked pain) (1). It is shown that nerve compression and
differentiation nerve injury can lead to pain in malignant
disorders and also sympathetically mediated pain in a re-
spective order (2, 3). The resistance of neuropathic pain
to orthodox treatment options has drawn our attention to
interventional methods (4). Moreover, many of the cur-

rent guidelines for treatment of cancer-related pain, in-
cluding WHO’s three-step analgesic ladder, have been re-
cently modified according to this understanding (5).

One agent, which is widely investigated as an alter-
native substitute for management of neuropathic pain, is
adenosine. Adenosine is an endogenous purine nucleoside
that modulates many physiological processes through 4
different receptor subtypes: A1, A2A, A2B, and A3. Cellu-
lar signaling of adenosine A1 receptors has a modulatory
effect on pain transmission at spinal cord level (6). In
addition, A1 agonists are used to treat atrial arrhythmias,
angina, type II diabetes, and chronic pain.

Adenosine receptors are abundant throughout the
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spinal column and previous studies have shown that neu-
ropathic pain is usually accompanied by reducing levels
of adenosine in the blood and cerebrospinal fluid (7, 8).
According to these facts, this agent, hypothetically, can be
used in the treatment of neuropathic pain by an epidural
approach. The efficacy of systemic or intrathecal injection
of adenosine has been the subject of a number of previous
studies (9-11).

Despite today’s knowledge about the efficacy of in-
trathecal and systemic administration of adenosine in the
management of neuropathic pain, the assessment of its
epidural injection outcomes remains limited to case re-
ports. This study aims at determining the efficacy and ap-
plicability of single epidural injection of adenosine on re-
ducing neuropathic pain.

2. Methods

Before launching, this study was reviewed and ap-
proved by Mahak pediatric cancer treatment and research
center’s ethics committee in Tehran, Iran and also was
registered at the Iranian registry of clinical trials (IRCT)
with the unique ID of IRCT2017031428878N1. A written con-
sent form was obtained from all patients or parents/legal
guardians of under-aged patients.

2.1. Patients

From 121 admitted patients to MPCTRC pain clinic be-
tween 2013 and 2015, 88 eligible patients were selected ac-
cording to inclusion and exclusion criteria. Inclusion cri-
teria encompassed with the presence of chronic neuro-
pathic pain diagnosed by Douleur Neuropathique 4 ques-
tions (DN4) neuropathic pain diagnostic questionnaire
and failure to provide adequate pain relief with conven-
tional treatments. Also the patients with the confirmed di-
agnosis of primitive neuroectodermal tumor (PNET), and
patients between 12 and 22 years were excluded.

The exclusion criteria in the study were the existence of
extensive metastatic disease and withdrawal of the treat-
ment. The patients with any of the following disorders
were also excluded: second- or third-degree heart block
(without a pacemaker), sick sinus syndrome (without a
pacemaker), long QT syndrome, severe hypotension, de-
compensated heart failure, asthma, poison/drug-induced
tachycardia, cauda equine syndrome, anticoagulation, co-
agulopathy, suspected local or systemic infection, hypov-
olemia, and any anatomical deformity interfering with the
procedure.

2.2. Study Design

This study was designed as a single-blind randomized
clinical trial. Randomization was performed with the use
of the RANUNI function in statistical analysis system (SAS)
software on the study website. The eligible 88 patients
were randomly assigned into two groups: the adenosine
group (n = 44) and the control group (n = 44). As an
ethical consideration, all patients, regardless of the as-
signed groups, were treated with a basic analgesia with ac-
etaminophen (30 mg/kg/day) and fentanyl (1 µg/kg/h) by
patient-controlled intravenous analgesia (PCIA) through-
out the study.

On day 0, patients in adenosine group were treated
with a single dose epidural injection of adenosine (50
mcg/kg) and ropivacaine (0.75 mL/kg from 0.2% Solution),
and patients in the control group were treated with a sin-
gle dose epidural injection of normal saline as placebo
plus ropivacaine (0.75 mL/kg from 0.2% Solution). Epidu-
ral injections were administrated with the L5-S1 inter-
spinous approach and injection volumes were equal in
both groups. Adenosine used in this study was formulated
as 5′-(4-Fluorosulfonylbenzoyl) adenosine hydrochloride
(C17H16FN5O7S•HCl).

An overview of the study design and procedures is pre-
sented in Figure 1. On days 1, 2, 3, 5, 7, 10, and 14 after
injections, patient’s responses to treatments were evalu-
ated. As a consequence of limitations in some of the neu-
ropathic pain screening questionnaires, all of the evalua-
tions throughout the study were performed by clinicians.
On each evaluation day, pain assessment was performed
by DN4 neuropathic pain diagnostic questionnaire, vi-
sual analogue scale (VAS), and verbal rating scale (VRS). Al-
though the correlation of VAS and VRS has been approved
by previous studies, the superiority of one method over
another in the treatment of chronic cancer-related neuro-
pathic pain, especially in children, is not established yet.
Therefore, in order to homogenize the final scores of pain
in quality and quantity, both VAS and VRS were used in eval-
uations (12-14). In addition, a complete history of adverse
effects was recorded from patients on each evaluation day
and patient satisfaction levels were assessed according to
pain outcomes questionnaire-pain treatment satisfaction
score (15).

2.3. Outcomes

The demographic characteristics of patients and the re-
sults of evaluations by DN4 neuropathic pain diagnostic
questionnaire, VRS, VAS, report of adverse effects, and pa-
tient satisfaction levels were gathered by checklists.
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Assessed for eligibility (n = 131) 
Enrollment 

Excluded (n = 33) 
∎Not meeting inclusion criteria (n = 12) 
∎Declined to participate (n = 5) 
∎Other reasons (n = 16) 

Randomized (n = 88) 

Allocated to Adenosine Group1 (n = 44) 
∎Received allocated intervention (n = 44) 
∎Did not receive allocated intervention (n = 0) 

Allocated to Control Group2 (n = 44) 
∎Received allocated intervention (n = 44) 
∎Did not receive allocated intervention (n = 0) 

Lost to follow-up (n = 0) 
Discontinued intervention (n = 0) 

Lost to follow-up (n = 0) 
Discontinued intervention (n = 0) 

Analysed (n = 44) 
∎ Excluded from analysis (n = O) 

Analysed (n = 44) 
∎ Excluded from analysis (n = O) 

Allocation

Analysis

Follow-Up3

Figure 1. The flow-chart of the study design according to CONSORT 2010 flow diagram. 1) Intervention in adenosine group: single dose epidural administration of adenosine
50 mcg/kg + ropivacaine 0.75 mL/kg (0.2% solution), 2) intervention in control group: single dose epidural administration of saline + ropivacaine 0.75 mL/kg (0.2% solution),
3) follow-ups conducted on days 1, 2, 3, 5, 7, 10, and 14 after intervention in both groups. At each evaluation day, the efficacy of pain control was assessed by DN4 neuropathic
pain diagnostic questionnaire, visual analogue scale (VAS), and verbal rating scale (VRS), in addition to frequency of complications and patient satisfaction levels.

2.4. Statistics

The data were analyzed, using SPSS 22.0 (IBM Crop., Ar-
monk, USA). The Chi-square test was used to compare nom-
inal variables, t test for scale variables, and Mann-Whitney
U test for ordinal data. Repeated measures ANOVA test was
used for the comparison of two groups at the evaluation
time points. P values less than 0.05 were considered signif-
icant for all of the statistical analyses. The data are reported
as mean median± SE (standard error of the mean) and fre-
quency (percentage).

3. Results

The median age of patients was 16 ± 0.25 years with
a range of 12 to 22 year. Male to female ratio was 1.9

(58/30) and 42 (50%) of patients had a positive history of
at least one previous surgery. Before the intervention, the
assessment of pain with DN4 questionnaire, VRS, and VAS
showed the presence of moderate to high-intensity neuro-
pathic pain in patients; median DN4 scores: 5 ± 0.16, me-
dian VRS scores: 3 ± 0.6, and median VAS scores: 7 ± 0.17.

According to the pre-assessment analysis with Levene’s
Test of Equality of Variances, at a P value more than 0.05,
both adenosine and control groups were approved for ho-
mogeneity in demographic characteristics, the degree of
nausea and vomiting, and pre-intervention pain assess-
ment results (Table 1).

Patient responses to treatment are described in Table
2. According to the results of Repeated Measures ANOVA
tests on VAS and VRS scores, both groups showed a reduc-
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Table 1. Evaluation of Homogeneity Between Two Groups

Patient
Characteristics
Before Treatment

Adenosine Group Control Group P Valuea

Gender (number of
males)

30 28 0.37

Age, y 0.35

Mean± SD 16.56± 2.54 16.34± 2.17

Range (12 - 22) (13 - 22)

Presence of
nausea/vomiting
(number of
patients)

22 14 0.61

History of previous
surgery (number of
patients)

21 21 1.00

DN4 score 5.43± 1.59 5.52± 1.6 0.85

VRS 3.2± 0.65 3.5± 0.54 0.48

VAS 6.6± 1.71 7± 1.5 0.60

Abbreviations: DN4, Douleur neuropathic 4 questions neuropathic pain diag-
nostic questionnaire 20 ; SD, standard deviation; VRS, verbal rating system; VAS,
visual analogue system.
aHomogeneity was evaluated according to Levene’s Test of equality of variances
at P value > 0.05.

tion of pain after the procedures; however, this effect was
significantly higher in the control group (P < 0.0005). In
addition, measures of DN4 questionnaire scores decreased
throughout the study in both groups with no significant
difference between them (P = 0.19). In both groups, DN4
questionnaire scores continued to decrease significantly
until the evaluation day 7. At the evaluation day 7, these
scores had reached their minimum and were stable as a
plateau until the last day of evaluation, i.e. day 14.

Patients in the adenosine group encountered a signifi-
cantly lower number of experiences of nausea and vomit-
ing (P < 0.0005) compared to the control group. Moreover,
patient satisfaction levels significantly increased in both
groups separately (P < 0.0005); however, there was no sig-
nificant difference between adenosine and control groups
(P = 0.09).

4. Discussion

The management of chronic pain, especially cancer-
related chronic pain, is a challenge and usually needs a
multimodal treatment approach (16). In addition, most
of the current first-line treatments of neuropathic pain
have modest alleviating potency at their best (17). There
are several issues in management of cancer-related pain
such as its neuropathic nature, its tendency to develop into
a chronic condition, positive history of previous surgery,
and psychological stress, which may cause difficulties in

its management (18). These features certainly add to the 
importance of this issue and increase the need for finding 
novel therapeutic agents/procedures, such as adenosine, 
for management of chronic cancer-related neuropathic 
pain (19).

Ferguson et al. showed that adenosine acts on pre- and 
post-synaptic receptors, which are pharmacologically in-
distinguishable (20).

Belfrage et al. in a double-blind placebo-control 
crossover study showed that systemic administration of 
adenosine by the intravenous approach alleviates sponta-
neous neuropathic pain in patients. In another study, they 
demonstrated that intrathecal administration of adeno-
sine is effective in reducing chronic neuropathic pain (21, 
22).

In a review by Hayashida et al. intravenous infusion of 
adenosine is reported to have significant potential for alle-
viating various types of pain, including neuropathic pain 
(15). Additionally, Sawynok stated that adenosine A1 recep-
tors have less intense but considerable peripheral distribu-
tion on sensory afferent fibers (mainly c fibers), which are 
responsible for receiving and conducting pain stimuli (23). 
In addition, several previous clinical trials have demon-
strated the alleviative potency of intrathecal adenosine in-
jection (8). Eisenach et al. have also shown that intrathecal 
(but not systemic) administration of adenosine reduces al-
lodynia in patients with neuropathic pain (10).

While the evidence concerning the alleviating effect 
of intrathecal adenosine is fairly strong, there is not 
enough data available regarding the presence/distribution 
of adenosine receptors in epidural space or the effect of 
its agonists’ epidural injection. However, the obtained re-
sults of the current study determined that treatment with 
a single-dose epidural injection of adenosine with ropiva-
caine has no significant superiority over ropivacaine alone. 
This finding m ay h ave r esulted f rom o ur l imited under-
standing regarding the distribution of adenosine recep-
tors through the epidural space and intricate anatomical 
features of this area. In the first p lace, the current litera-
ture is not decisive about the presence of adenosine recep-
tors in epidural space. In the second place, epidural space’s 
lack of integrity and its sporadic fatty tissue may have re-
stricted the uptake of adenosine (24).

In addition, there are several issues, which should be 
addressed in future studies. First of all, another pharma-
ceutical formulation of adenosine (other than adenosine 
hydrochloride salt, which was used in this study) may have 
stronger effect; therefore, this possibility should be the 
topic of future research projects. Moreover, a study, which 
investigates the effect of a selective adenosine agonist al-
leviating chronic cancer-related neuropathic pain, should 
be conducted in the future. Other than the formulation,
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Table 2. Intervention Outcomesa

Pin Assessment Method Before Interventionb Day 1 Day 2 Day 3 Day 5 Day 7 Day 10 Day 14

DN4

Adenosine 5± 0.23 3± 0.21 2± 0.16 1± 0.11 1± 0.10 1± 0.08 1± 0.07 1± 0.04

Control 5.5± 0.24 3± 0.15 1± 0.08 1± 0.00 1± 0.00 1± 0.00 1± 0.00 1± 0.00

VRS

Adenosine 3± 0.09 3± 0.14 2± 0.12 1± 0.11 1± 0.09 1± 0.09 1± 0.07 1± 0.05

Control 4± 0.08 2± 0.1 1± 0.07 1± 0.00 1± 0.00 1± 0.00 1± 0.00 1± 0.00

VAS

Adenosine 7± 0.25 5± 0.35 2± 0.31 1± 0.24 1± 0.20 1± 0.20 1± 0.18 1± 0.12

Control 8± 0.22 2± 0.22 1± 0.07 1± 0.00 1± 0.00 1± 0.00 1± 0.00 1± 0.00

Nausea/Vomitingc

Adenosine 1.5± 0.09 1± 0.04 1± 0.10 1± 0.06 1± 0.02 1± 0.02 1± 0.00 1± 0.00

Control 1± 0.09 1± 0.10 1± 0.07 1± 0.03 1± 0.00 1± 0.00 1± 0.00 1± 0.00

Satisfactiond

Adenosine 3± 0.13 3± 0.68 2± 0.09 2± 0.08 2± 0.07 1± 0.07 1± 0.04 1± 0.00

Control 4± 0.07 2± 0.07 2± 0.00 2± 0.00 2± 0.00 2± 0.06 2± 0.66 1± 0.03

Abbreviations: DN4, Douleur neuropathic 4 questions neuropathic pain diagnostic questionnaire 20 ; SD, standard deviation; VRS, verbal rating system; VAS, visual ana-
logue system.
aValues are expressed as median± SE.
bIntervention: epidural injection of adenosine + ropivacaine or saline + ropivacaine in each group.
c1: without N/A, 2: N/A no need for drugs, 3: N/A need for drugs, 4: N/A unresponsive to drugs.
dSatisfaction levels were assessed according to pain outcomes questionnaire-pain treatment satisfaction score25 ; 1: excellent, 2: good, 3: moderate, 4: weak, 5: dissatisfied.

another issue, which needs to be evaluated, is whether or
not there is a need for developing a long-acting formula-
tion of this agent in order to achieve better results.

The systemic administration of adenosine may in-
duce nausea and vomiting as a consequence of adenosine-
related vasodilation and eventually hypotension (9). In
contrast, previous case report by Gharehdaghi et al. has
suggested that an epidural administration of adenosine
was accompanied by a reduction in patient’s nausea and
vomiting level (25). According to the results of the cur-
rent study, treatment with epidural adenosine and ropiva-
caine significantly reduce nausea and vomiting compared
to treatment with epidural ropivacaine alone. These re-
sults suggest that adenosine may be used as an adjunct
to ropivacaine in order to reduce treatment-induced nau-
sea and vomiting; however, the superiority of this agent
over using current safer orthodox anti-nausea and vomit-
ing treatments should be further investigated.

Yamaoka et al. in a more recent study showed that
the administration of intrathecal adenosine effectively in-
hibits the pain signals in patients with neuropathic pain
(26).

Small sample size, short follow-up periods, and single-
blinded study design are the limitations of the current
study, which have adversely affected the generalizability

of outcomes. Moreover, ethical considerations have pre-
vented the authors from designating a control group with
pure placebo pain control. This issue has limited our judg-
ment of adenosine potency in the management of neuro-
pathic pain according to the obtained results.

4.1. Conclusions

In conclusion, the administration of bolus epidural
adenosine does not have an adequate alleviating effect on
chronic neuropathic pain in patients with PNET. However,
the addition of adenosine to epidural ropivacaine shows
a significant superiority in reducing nausea and vomiting
in patients. The clinical applicability of this issue, however,
should be studied further in the setting of clinical trials.
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