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ABSTRACT
Background: Previous open-label studies showed that chronic post-stroke pain could be abatedby treatment
with perispinal etanercept, although these benefits were questioned. A randomized double-blind placebo
controlled clinical trial was conducted to test perispinal etanercept for chronic post-stroke pain.
Research design and methods: Participants received two treatments, either perispinal etanercept
(active) or saline (control). Primary outcomes were the differences in daily pain levels between groups
analyzed by SPSS.
Results: On the 0–100 points visual analog scale, perispinal etanercept reduced mean levels for worst
and average daily pain from baseline after two treatments by 19.5 – 24 points (p < 0.05), and pain
alleviation was maintained in the etanercept group, with no significant change in the control group.
Thirty percent of etanercept participants had near complete pain abatement after first treatment.
Goniometry of the paretic arm showed improved mean shoulder rotation by 55 degrees in active
forward flexion for the etanercept group (p = 0.003) only.
Conclusions: Perispinal etanercept can provide significant and ongoing benefits for the chronic post-
stroke management of pain and greater shoulder flexion by the paretic arm. Effects are rapid and highly
significant, supporting direct action on brain function.
Trial registration: ACTRN12615001377527 and Universal Trial Number U1111-1174-3242.
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1. Introduction

1.1. Scientific background, clinical relevance, rationale,
and objectives

Major impairment after stroke is exacerbated when accompa-
nied by chronic, severely debilitating and intractable long-
term pain [1,2]. Strokes in different regions of the brain are
often associated with the occurrence of central post-stroke
pain (CPSP). CPSP is a neuropathic pain disorder, arising from
a combination of both central [3] and peripheral nervous
system mechanisms [4]. CPSP is a highly intractable disorder
with significant health burdens [1,2], as is stroke disability
itself. A recent systematic review of clinical trials for CPSP
has shown no beneficial effects for any other experimental
treatments [5]. CPSP frequently requires the use of strong
analgesics which may result in further significant impairment
and reduced quality of daily life. Often, patients also demon-
strate clinical features such as depression and have greater risk
of suicide [2]. Hence, finding a beneficial therapy is imperative.

The common proinflammatory cytokine, tumor necrosis
factor alpha (TNFα) is involved in all phases of stroke, includ-
ing rehabilitation (reviewed in [6]). Initially, during stroke,

TNFα is synthesized and released by astrocytes, microglia,
and neurons in response to ischemia and is a major factor in
the pathophysiological processes of stroke. TNFα activates the
microglia and astrocytes, affects the blood–brain barrier per-
meability, and can adversely affect synaptic transmission and
synaptic plasticity during stroke, including rehabilitation [7].
TNFα has long been implicated as a key factor in the post-
stroke neuroinflammatory response with levels in the CSF and
plasma [8–10] correlating with severity of symptoms and as
a mediator of focal ischemic brain injury [11]. Elevated TNFα
levels not only exist in the cerebral spinal fluid in the acute
stage [9,12–18] but also in chronic post-stroke patients [19]
with increased TNFα expression found in postmortem brain
long after the initial stroke episode [20].

TNFα has also been established as an important mediator
of neuropathic pain in animal models [21,22] where blocking
TNFα alleviated this pain. The role of TNFα in neuropathic
pain has recently been extensively reviewed elsewhere [23].
For over two decades, research studies have shown the relief
of neuropathic pain, recognized and reported for chronic
stroke with the use of the TNFα blocker, etanercept – an
agent comprising immunoglobulin fused with the soluble
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TNFα receptor domain (reviewed in [24–26]). Studies with
tracers also showed that administering large molecules such
as etanercept, via injection into the perispinal space, facilitates
their uptake into the cerebrospinal venous plexus, thereby
providing an effective method for direct delivery into the
brain through the choroid plexus [27,28]; reviewed in detail
in [29]. Such treatments using etanercept were also shown to
alleviate neuropathic pain in rat models [28,30] and in open-
label use for human patients with stroke [31,32]. Thus, pre-
vious observational studies on 600 patients reported that
perispinal etanercept (PSE) therapy provided rapid improve-
ments (within 30–60 min after treatment) in stroke-related
disabilities, including pain [32]. It was concluded that peri-
spinal delivery of etanercept was mediating the rapid actions
by a direct effect of blocking TNFα in the central nervous
system [27–29,31–33]. These reports were met with contro-
versy such that the American Academy of Neurology pub-
lished a practice advisory in 2016 noting that the evidence
to support or refute a benefit of etanercept for treatment of
post-stroke disability was insufficient to determine the treat-
ment’s effectiveness [34].

Since its first approval by the FDA in 1998, etanercept
has been used to treat a spectrum of rheumatoid disorders
as a generally well-tolerated drug with a favorable safety
profile, even when administered weekly for many years on
a chronic basis in elderly patients or children [35–37]; for
review of safety profiles, see [38,39]. Etanercept may pro-
vide advantages over other TNF blockers by inhibiting
both TNFα and TNFβ; has a higher affinity for TNFα than
the monoclonal antibody therapies; and in some studies
has shown less adverse effects [40,41]. This trial was
designed to determine whether the perispinal etanercept
injection procedure developed to treat post-stroke patients
for pain and other dysfunction, was in fact successful and
worthwhile. Furthermore, the methods followed were
exactly those approved and used by Dr Tobinick and
have been well documented [32,42–49]. Therefore, we
undertook the first randomized double-blind clinical trial
to determine the effects of two treatments at day 1
and day 14 of perispinal etanercept therapy with primary
outcome measures examining the differences from base-
line levels in patients with constant daily post-stroke pain
to day 30, 2 weeks after the second treatment on trial.

2. Patients and methods

The CONSORT guidelines were followed in the preparation of
this publication.

2.1. Description of trial design including allocation ratio

This was a double-blind randomized controlled parallel trial
with 1:1 allocation ratio between individuals receiving either
etanercept (active) treatment or saline (placebo) control.
Approval of the study was obtained from the Griffith
University Human Research Ethics committee (MSC/10/14/
HREC). Subject applications were clinically evaluated by
a neurologist during the screening process for eligibility. The

study protocol was fully explained to participants. Informed
and written consent was obtained before participation with
allocation based on the numerical value assigned upon enroll-
ment into either the etanercept or control group (Figure 1).
Trial clinical investigators including the neurologist were
involved in the enrollment of participants.

Specific inclusion criteria used for screening were initially
based on the following four requirements:

● Aged between 30 and 80 years old encompassing the
most frequent age incidence given stroke is uncommon
in young adults [50] and to reduce the possibility of
comorbidities in older patients.

● Stroke occurring at least 6 months and not more than 15
years prior to screening for this study.

● Chronic neurological impairment, including hemiparesis,
following an ischemic stroke in the territory of the mid-
dle cerebral arteries (MCA) (including MCA clot or embo-
lus or carotid occlusion causing MCA territory stroke) or
basal ganglia form of intracerebral hemorrhage.

● Constant daily pain post-stroke incorporating one or
both contralateral limbs and experiencing intractable
chronic post-stroke pain with hemiplegic post-stroke
shoulder pain and central post-stroke pain. The post-
stroke pain is moderate-to-severe in intensity, with
a daily average intensity between 4 and 8 inclusive on
an 11-point (0–10) vertical Numerical Pain Rating Scale
supplemented with a faces pain scale (vNPRS-FPS) [51].

● The post-stroke pain is in an area of the body affected by
the stroke.

As aphasia is recognized as less common in patients with
right than left sided MCA strokes, this randomized, parallel-
group controlled clinical trial was initially aimed at study-
ing the clinical effects of perispinal delivery of etanercept
versus saline in a cohort of participants with chronic
ischemic stroke in the territory of the right MCA. In addi-
tion to pain as a primary outcome measure, shoulder
flexion, spasticity, cognition, executive function, hemispa-
tial neglect, and post-stroke depression were examined,
some as exploratory outcome measures because it was
unknown whether the trial would be adequately powered
for these particular endpoints.

Before participating, all participants underwent physical
examination and vital signs were recorded. All patients were
informed prior to trial that any previous medication used
regularly was to be maintained and not altered during the
period from 2 weeks before visit 1 on trial until day 30 after
visit 1.

2.1.1. Important changes to methods after trial
commencement (such as eligibility criteria), with reasons
The initial cohort was based on right MCA stroke but due to
the limited numbers of available patients presenting that met
the initial criteria, enrollment was widened to expand the age
limit to 27 and to include non-aphasic stroke patients with left
MCA strokes and right-sided impairment or basal ganglia
strokes. Applicants were reviewed on a case by case basis by
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the neurologist and assessed for their capacity to understand
and communicate during verbal testing.

3. Eligibility criteria for participants

3.1. Inclusion criteria

At the time of recruitment, all participants were required to
travel to the study site and speak fluent English to facilitate
effective communication regarding their pain levels.
Participants started a pain diary including listing all medica-
tions taken from day −7 prior to visit 1 and were required to
score their vNPRS-FPS through to completion at day 30 after
visit 1, which were collected. For the complete list of specific
inclusion/exclusion criteria, including neurological details of
stroke diagnosis, refer to Supplementary Table 1.

3.1.1. Settings and locations where the data were
collected
Patient medical histories relating to their stroke and hospital
discharge summaries were collected via e-mail or as hard

copies for evaluation by the study investigators during enroll-
ment. All data was collected, bound and stored with Case
Report Forms for each participating subject at the Clinical
Trials Unit, G40 Health Center, Griffith University Gold Coast
campus, Southport Queensland.

3.2. Interventions and administering procedure

Two active or control treatments (the first at visit 1/day 1 and
the second at visit 2/day 14) on trial were administered with
all injections double-blinded to the principal medical investi-
gators and participants. Assessments measuring the responses
of participants to treatments were also undertaken in
a blinded manner. Treatments were to be halted in the
event of an adverse reaction or participant request to discon-
tinue participation. Each etanercept (ENBREL®, Pfizer, USA)
single-use injectable dose was prepared by solubilizing with
the addition of 1.8 cc of non-bacteriostatic sterile water into
a 25 mg lyophilized powdered vial of etanercept (containing
10 mg/mL sucrose, 5.8 mg/mL sodium chloride, 5.3 mg/mL

Figure 1. Trial profile. Outline of study protocol and regimen for randomization on enrollment into the etanercept and control group, including numbers of patients
in brackets and all dropouts due to exclusion or adverse events. *D: decision point upon trial completion after interim unblinding and primary outcome measures
showed significance values for p < 0.05.
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L-arginine hydrochloride, 2.6 mg/mL sodium phosphate,
monobasic, monohydrate, and 0.9 mg/mL sodium phosphate,
dibasic, anhydrous). A single dose was administered by injec-
tion overlying the spine, as described previously [32,42–49].
Thus, each dose was delivered to the participant in a sitting
position with their head bent forward, reaching the chin
toward the chest and with the neck horizontal. The injection
was given subcutaneously into the posterior cervical interspi-
nous midline (into the interspace midway between C6-C7 or
C7-T1 vertebra) using a 27 gauge, half-inch needle, free-hand
guided and inserted fully into the skin at an angle near
perpendicular to the surface. The injection was quickly fol-
lowed by Trendelenburg positioning, with participant supine
on an inversion table and the head dependent for 4 min at an
incline of 45 degrees. This approach is in order to effect entry
into the cerebrospinal venous system (CSVS) as a previously
validated delivery to the brain via the choroid plexus detected
using radioactive or fluorescent-tagged etanercept [27,28]; for
an extensive recent review outlining this mechanism of drug
delivery to the brain, see [29]).

3.3. Control

The control treatment was sterile saline (suitable for human
injection) as a clear colorless solution, with the same appear-
ance as for the etanercept, and prepared in the same type of
syringe with the same volume of 1.8 ml as for the test drug.
The control was administered using the identical perispinal
injection procedure as for the active drug treatment described
above.

3.4. Outcome measures

Measures are underlined below.

3.4.1. Primary outcome measures
3.4.1.1. Pain. On the vertical Numerical Pain Rating Scale
(vNPRS), patients were asked where they would mark the
number between 0 and 10, or 0 and 100 that fits best to
their pain intensity. Zero represented ‘no pain at all’ whereas
the upper limit represented ‘the worst pain imaginable’. The
11-point vertical Numeric Pain Rating Scale supplemented
with a Faces Pain Scale (vNPRS-FPS) [51] was provided to
patients in the weeks preceding trial visit 1. This was used to
assess their levels of pain and familiarize prospective trial
participants with the pain test as a guide for self-reporting
daily pain intensities recorded on their pain diary from day −7
before participation on trial, until day 30. Participant pain
levels were also assessed by interview using an expanded
0–100 point (1 cm/5 point numeric interval on the vertical
visual analog scale with two emoticon face indicators: one for
‘no pain’ at 0 and one for ‘worst pain imaginable’ at 100)
vNPRS-FPS placed before patients during trial visits 1 and 2,
recording both pre- and post-treatment scores, as well as
recorded on day 30 by phone interview. Average and Worst
levels of Pain: Changes in mean vNPRS-FPS (change in pain
intensities on the 0–100 point scale) for values recorded from
visit 1 before treatment (the baseline (PRE) values) compared
with on the final day of participation on trial (day 30 after visit

1; D30). Participants were asked at visits 1 and 2 on trial before
and after treatment to rate their ‘average’ and ‘worst’ pain
levels considering the last 8 h and the previous week.

3.4.2. Secondary outcome measures
Average level of Pain: Change in mean vNPRS-FPS scores
(0–100 point scale) from baseline compared with day 1 (visit
1 after treatment) and day 14 (visit 2 after treatment), where
the subject was rated for his or her ‘average pain’ over the last
8 h and considering the previous week. Worst level of Pain:
Change in mean vNPRS-FPS score (0–100 point scale) from
baseline compared with visit 1 and 2 after treatment, where
the subject was rated for his or her ‘worst pain’ over the last 8
h and considering the previous week. Instant Change in Worst
Level of Pain: between 30 and 60 minutes before treatment
on day 1 (visit 1) to 30–60 min after treatment at visit 1.
Shoulder Flexion/Spasticity: mean change in paretic arm by
angle of shoulder flexion (active and passive) (measured in
degrees of rotation by goniometry) before and after treatment
at each visit on day 1 and day 14. Cognition: mean change in
Montreal Cognitive Assessment (MOCA) [52] score from base-
line on day 1 compared to day 14 (visit 2, after treatment). The
Albert’s Line Bisection Test is used to detect unilateral visuos-
patial neglect [53]. Hemispatial Neglect: mean change in
Albert’s Line Bisection Test from baseline on day 1 to day 14
(visit 2, after treatment). Fatigue Assessment Scale (FAS): mean
change in FAS level (out of 50) from baseline to day 30. The
FAS has 10-items as statements about different aspects of
fatigue, each rated from 1 to 5 (1, never; 2, sometimes; 3,
regularly; 4, often; and 5, always) and is a valid and reliable
test in stroke with higher scores indicating greater fatigue [54].

3.4.3. Exploratory
The Clock Drawing Test (CDT) is used as a psychometric mea-
sure for mild to moderate cognitive impairment [55].
Cognition: mean change in CDT score from day 1 of treatment
to day 14 (visit 2, after treatment). Motor Function/Balance:
mean change in time to complete the five times Sit-To-Stand
test from day 1 to day 14 (visit 2, after treatment).
Psychological/behavioral function: mean change in Beck’s
Depression Inventory (BDI) scores from day 1 to day 14 (visit
2, after treatment). Hemispatial Neglect (Instant change, in
participants with hemispatial neglect on day 1): mean change
in Albert’s Line Bisection Test score from 30 to 60 minutes
before treatment on day 1 to 30–60 min after treatment
on day 1. Thermosensory analysis: mean change in pain detec-
tion and pain thresholds using the TSA II thermosensory
device (Medoc Advanced Medical Systems) from day 1 (visit
1, prior to treatment) to day 14 (visit 2 after treatment).

3.4.3.1. Changes to trial outcomes after the trial com-
menced, with reasons. A Fatigue Assessment Scale (FAS)
test, shoulder flexion as well as algometry (ALG) were added
as secondary outcome measures to assess changes in patient
fatigue levels and sensitivity to pressure. A Force 10 FDX-25
force gauge (Wagner Instruments) in peak mode was used for
algometry over the medial area of the lower anterior arm
regions, repeated three times on each arm and averaged
over triplicate measures in Newtons for analysis. The Medoc
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TSA II Quantitative Sensory Thermoanalyser was also included
to evaluate the mean of triplicate tests for patient thermal
detection and pain sensitivity over the medial forearm [56,57].

3.4.4. Sample size and power estimation
The sample size of 20 patients on trial with 10 completed in
each study group (at least 10 control and 10 etanercept
participants) was based on the published data from observa-
tional studies reported previously [32,43]. The assumption was
that the population of participants and their outcomes were
normally distributed. Dr David Schoenfeld’s Harvard website
http://hedwig.mgh.harvard.edu/sample_size/js/js_parallel_
quant.html was used for sample size determination. This was
validated by the trial biostatistician. For the outcomes used in
this study, power estimations were as follows:

3.4.4.1. Power calculation for sample size based on pre-
vious reports of analyses by pain test. The values used for
this power calculation were taken from those reported [32]
(Table 10), obtained after one injection of perispinal eta-
nercept treatment. From this study, the group baseline for
the vertical assessment scale (VAS) mean score (±S.D.) was
7.1 (± 2.09) on the 11-point scale [32]. After treatment, the
mean score (± S.D.) was 2.3 (± 2.81). Based on this data,
a minimum total of 14 patients (7 in each group) were
required for enrollment with power to detect a treatment
difference = 83% at a two-sided 0.05 significance level.
Hence, given the predicted size effect, the study was con-
sidered suitably powered with a minimum number of
patients at 20 to reach levels of significance.

3.4.5. Interim analyses and stopping guideline
After the first randomized group reached 10 patients on both
the control and etanercept groups (total of n = 26 enrolled
patients with n = 22 participants completing week 4/day 30
on trial), interim unblinding and analysis of outcomes was
triggered.

3.4.6. Method used to generate the random allocation
sequence
A computer-based random number generator in blocks of five
was used by the pharmacist to establish the trial unblinding
code for random assignment of enrolled patients into either
group (allowing up to a total of at least 40 patients in each
group, if required).

3.4.7. Randomization, blinding and patient replacement
procedures
Patients were assigned based on the randomization code if
they met all the inclusion criteria and none of the exclusion
criteria. Every subject who passed initial screening based on
inclusion/exclusion testing was included as intent to treat as
they were assessed and entered numerically into the test pool.
A final round of screening occurred as patients attended the
first treatment, visit 1 at the clinic for validation as suitable for
enrollment. A numbered ID was assigned to each participant
by the trial pharmacist. Any patient on trial who discontinued
or failed to complete the study was replaced and the replacing
patient denoted with the next numbered ID in the order of the

randomization number code. Allocation was concealed from
clinical investigators, assessors, and participants during the
trial to ensure double-blinding.

Interventions were prepared by the pharmacist to be iden-
tical in appearance and placed inside containers labeled only
with patient ID and number on enrollment, with the identifi-
cation of the intervention sealed inside an unblinding envel-
ope at the bottom of the containers and to be opened only in
the event of emergency.

4. Statistical methods used to compare groups for
primary and secondary outcomes

For statistical analyses, Statistical Package for Social Sciences
(SPSS; Vn25) software program was used, available at Griffith
University. The data from all analyses of each individual parti-
cipant were recorded on their Case Report Form and data
from this entered onto spreadsheets using Microsoft Excel
and then processed via SPSS for generalized estimating equa-
tions with first-order autoregressive relationship as the work-
ing correlation matrix. Other analyses included two-tailed
paired or independent-samples t-tests, ANCOVA, logistic
regression using the general linear model with repeated mea-
sures or non-parametric and other suitable tests as required.
Univariate analysis of variances (UNIANOVA) was used to pro-
vide an estimation of effect size (η2; eta-squared value) and
observed power. Analyses included comparison of outcomes
within and between the etanercept and the control groups for
differences in median scores using the Wilcoxon signed-rank
test for pain scores out of 100 points or mean scores from
cognitive function, sensory, motorneuron or other tests, as
well as differences from baseline. The data analyses included
changes from baseline scores with standard error about the
mean or interquartile ranges about the changes in median
levels. Assumptions of normality were satisfied using Shapiro–
Wilks test, normal Q–Q plots of differences and box-plot out-
lier analysis. For Mann–Whitney U exact tests, the treatment
effects on pain levels (difference between groups) were quan-
tified using the Hodges-Lehmann (HL) estimator from SPSS.
This estimator (HLΔ) was used to determine the median of all
possible differences in outcomes between each subject in the
etanercept group versus each subject in the control group.
A non-parametric 95% confidence interval for HLΔ accompa-
nied these estimates and determined the median of differ-
ences between the two groups or the location shift in the
median. For analysis of thermal perception and pain thresh-
olds, multilevel modeling with the linear-mixed models (LMM)
function in SPSS was also used. Bonferroni corrections were
applied for multiple comparisons. Where relevant for all the
above analyses, p-values <0.05 were considered significant
and <0.01 highly significant.

Four participants initially enrolled into the trial were
excluded. From the etanercept group, one developed shingles
after visit 1, one had complications of severe lower back pain
from spinal stenosis considered unrelated to stroke, and one
demonstrated delusional features and hence, was unreliable
for assessment. One patient was excluded from the control
group after starting oxycodone medication the week of visit 1
and on Day 1, no longer experienced any pain. Patients were
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recruited over the period from November 2016 through to
March 2019.

4.1. Decision for study completion

After interim review of the first cohort (n = 22 participants)
showed significance (p < 0.05) across both primary (base-
line to day 30 change in vNPRS-FPS pain measures on
0–100 scale) and secondary outcomes (pre-post visit 1
change in vNPRS-FPS and shoulder flexion in arc degrees
by goniometry), the completion phase was triggered. The
study was then stopped early due to the significance of
the positive results. Of the completing participants, for
each individual, all four data points (baseline; visit 1 after
treatment 1; visit 2 after treatment 2; and day 30) were
included in the vNPRS analysis and by original assigned
groups with n = 10 in the active and n = 12 in the control
group used for comparison.

4.2. All important harms or unintended effects in each
group

No serious adverse events were recorded on trial. However,
a single adverse event occurred with one patient developing
shingles after visit treatment 1. A clinical review of etanercept
usage reported herpes viral opportunistic infections as
a treatment-emergent adverse event of special interest (AESI)
[39], as specified by the Federal Drug Administration, USA and
hence is not a serious adverse event. The risk of shingles was
previously noted only after long-term therapy with anti-TNFα
medication [58] and in Strangfeld et al. (2009), the risk of
developing shingles was not increased for those treated with
etanercept [41]. Hence, the present case may have resulted
from a compromised immune status due to the chronic pain.
Consequently, this patient was excluded from further partici-
pating on-trial as the results would be complicated by the
pain from shingles and potential for post-herpetic neuralgia.

5. Results

Of the 26 CPSP patients enrolled on the trial, 22 completed the
protocol. Only the one adverse event of special interest (AESI) [39],
due to a case of shingles occurred as a possible treatment-
emergent risk. The distribution of the study group and participant
baseline characteristics are shown in Table 1. All participants
initially demonstrated significant intractable and constant daily
CPSP with pain scores at baseline entry between 40 and 80
inclusive on the 0–100 point vNPRS-FPS, with their pain refractory
to analgesic medications (including oxycodone or pregabalin).
Seven participants in the etanercept and five in the control
group had limited shoulder flexion of their paretic arm with active
motion ≤75 degrees at baseline. No significant baseline differ-
ences between the groups were noted for any of the trial mea-
sures by independent samples t-test (p > 0.05; Table 1) and no
unequal variances by Welch’s t-test.

5.1. Primary outcome measures

5.1.1. Significant decline in pain severity of patients
receiving perispinal etanercept compared to control
The descriptive statistics for the pain scores out of 100 for
each group at baseline, visit 1 (V1) after treatment and
at day 30 are reported in Table 2, including the medians
and means for the two groups and the interquartile
ranges (IQR). The change from baseline in pain intensities
(based on the 0–100 point score on the vNPRS-FPS) for
the mean values over the four repeated measures of
average pain (including baseline (PRE); visit 1 (V1) after
treatment 1; visit 2 (V2) after treatment 2; and at day 30
(D30 after treatment 1) scores) for each group were com-
pared (Figure 2(a)).

Analysis by original assigned group of the repeated mea-
sures using generalized estimating equations showed
a significant group*treatment interaction for worst pain
(Wald χ2 = 4.58; df 1; p = 0.032) and for average pain (Wald
χ2 = 4.161; df 1; p = 0.041). Post-hoc analysis demonstrated
a greater reduction in pain levels for the etanercept compared

Table 1. Baseline characteristics of patients on the stroke trial.

Characteristic
mean (±S.E.)

Etanercept 25 mg
(n = 10)

Saline control
(n = 12)

Mean difference (95%CI),
p value (2-tailed)

Age, y 57.3 (4.95) 61.65 (8.66) −4.35 (−15.3 to 6.6), p = 0.42
Weight, kg 77.74 (5.73) 85.85 (4.86) 7.09 (−22.9 to 6.7); p = 0.266
Gender M:F 5:5 7:5
Years since stroke 4.18 (0.72) 4.98 (1.15) −0.8 (−3.43 to 1.82), p = 0.52
Average daily pain
(vNPRS-FPS)

68 (3.35) 60.42 (485) 7.58 (−5.18 to 20.35), p = 0.23

Worst daily pain 82.5 (3.96) 74.58 (3.45) 7.92 (−3.0 to 18.83), p = 0.15
Active Shoulder Flexion/ROMa 55 (15.69) 84.11 (13.26) −29.11 (−73 to 14.8), p = 0.179
Passive Shoulder Flexion/ROMa 103 (10.25) 116.11 (12.35) −13.11 (−46.73 to 20.51), p = 0.42
MOCA 21.8 (2.33) 25.5 (0.77) −3.66 (−8.6 to 1.29), p = 0.138
BDI 17.6 (3.32) 20.8 (3.36) −3.23 (−13.18 to 6.72), p = 0.51
FAS 31.4 (1.54) 34.8 (1.62) −3.43 (−8.16 to 1.29), p= 0.145
STS 19.5 (2.7) 24.4 (3.5) −4.88 (−14.4 to 4.6); p = 0.298
CDT N/A N/A N/A
Albert’s Line Bisection Test/ N/A N/A N/A

S.E, standard error; y, years; vNPRS-FPS, vertical Numeric Pain Rating Scale with a Faces Pain Scale (0–100); MOCA, Montreal Cognitive Assessment test; BDI, Beck’s
Depression Inventory; STS, 5 times Sit-to-Stand/seconds; FAS, fatigue assessment score/50. CDT, Clock Drawing Test; N/A, not applicable. aValues shown for
patients with restricted (<180 degree) shoulder flexion/rotation of movement (ROM) in arc degrees at baseline only for the paretic/hemiplegic arm (n = 10 in
etanercept group, n = 9 in control group).
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to the control group over the trial period with a mean decline
(change on 0–100 point scale ± S.E.) in average and worst
daily pain levels from baseline to day 30 within the etanercept
group of 24 ± 9 and 19.5 ± 6 points, respectively (Figure 2(a,
b)). The decline in pain levels from baseline to day 30 within
the etanercept group for both the average and worst daily
pain levels were significant (two-tailed paired t-test: t(9) = 2.63;
p = 0.027; t(9) = 2.94; p = 0.017, respectively).

Mann–Whitney U tests showed a significant reduction in both
average and worst pain scores comparing the differences in
vNPRS-FPS (on the 0–100 point score) from baseline to day 30
after the two perispinal etanercept treatments. From Figure 2(b),
the values from the Mann–Whitney U test were for average pain:
U = 29.5; p = 0.04, HLΔ between group medians = 15; 95% CI =
0–40; and for worst pain: U = 26; p = 0.023, HLΔ between group
medians = 15; 95% CI = 5–30. Table 2 also shows the results from
the related-samples Wilcoxon Signed-Rank test summary with
the levels of significance for the median of differences within
groups from baseline. Again, the median of differences (two-
sided test) between baseline and day 30 for worst (p = 0.014)
and average (p = 0.025) pain scores from the etanercept group
were significantly different, whereas the pain values for the
control group (p > 0.5) were not significantly altered.

In order to obtain an estimate of the power of the study
for detecting the change in pain levels, UNIANOVA was
applied and the comparison between groups for changes
in mean vNPRS-FPS scores out of 100 points from baseline

to day 30 after treatment were significant (for worst pain:
p = 0.037, η2 = 0.20, observed power of 56% and for
average pain, p = 0.045, η2 = 0.19, observed power of
53%). At the individual level, 4 of the 10 patients in the
etanercept group showed no or limited effects on pain,
whereas 3 others had rapid and complete or almost com-
plete resolution of their pain levels directly (by 30 min)
post-treatment during visit 1.

Within the control group, there was no significant decrease in
themedian values for the average or worst daily pain levels (which
each decreased by only 2.5 points on the 0–100 point scale)
comparing baseline to day 30 (D30; by related-samples Wilcoxon
Signed Rank two-sided tests, p > 0.5 and by paired t-tests: average
pain, t(11) = 0.52; p > 0.5 and worst pain, t(11) = 0.59; p > 0.5).
Categorically, one participant in the control group demonstrated
a response for average pain during the trial (Figure 2(b); outlier).

5.2. Secondary outcome measures

1) Instant differences in worst and average pain.
For the secondary outcome measures, within the etaner-

cept group a significant difference was detected in the
immediate effects from baseline at visit 1 compared to directly
after treatment (within 30–60 min) on the 0–100 point scale
for the change in worst and average pain levels (paired t-test:
t(9) = 3.24; p = 0.01 and t = 2.59(9); p = 0.029, respectively).
Post-hoc nonparametric tests demonstrated that for this
instant pain reduction, the median decrease (on the 0–100
point vNPRS-FPS) for worst pain was by 27.5 points (related-
samples Wilcoxon signed-rank test; p = 0.012) and the mean ±
S.E. decreased by 33.5 ± 10.4 points (out of 100) within the
etanercept group (Table 2; Figure 2). By comparison, within
the control group, the median of the differences in worst pain
was 17.5 points (related-samples Wilcoxon signed-rank test;
p > 0.05) and the mean change was by 13.33 ± 6.7 points,
which was non-significant (paired t-test: t(11) = 1.98; p > 0.05).
Pain scores in the control group also returned to baseline
levels by day 30, indicating no significant effects overall on
the pain levels within the saline control group (Figure 2).
2) Improvements in functional mobility.

At baseline, the limited extent of shoulder flexion by the
paretic arm by all participants (comparing arc degrees of ROM
across the entire cohort) was highly correlated comparing the
active and passive movements (Pearson’s correlation: r =
0.898; p < 0.01). Analysis of repeated measures using general-
ized estimating equations for changes in mean active shoulder
flexion range of motion (ROM/degrees of arc) by the paretic
arm demonstrated a highly significant group*treatment inter-
action over the course of the trial (Wald χ2 = 8.625, df 1; p =
0.003; Figure 3(a)).

Post-hoc analysis showed successive improvements
occurred within the etanercept-treated group for their active
ROM when compared to baseline, initially shoulder flexion
improving by a change in mean (± S.E.) of 30 ± 7.3 arc degrees
after treatment 1 within 30–60 min (paired t-test: t(9) = 4.07;
p = 0.003), which increased to 55 ± 12 arc degrees after
treatment 2 (paired t-test: t(9) = 4.54; p = 0.001) (Figure 3(a)).
UNIANOVA demonstrated a significant difference between

Figure 2. (a) Pain levels are rapidly decreased following PSE treatment. Mean
changes in score levels of average pain on the vNPRS-FPS (0–100 points scale)
comparing between the saline control (×) and etanercept (◊)-
treated groups ± S.E. PRE: baseline; V1: Visit 1 after treatment 1; V2: Visit 2
after treatment 2; D30: day 30 after Visit 1. (b) Box-plot analysis of differences in
median of worst and average pain levels comparing between baseline and day
30. Control group compared to perispinal etanercept (PSE) treatment group
with medians, quartile ranges, and outliers for changes in pain levels as shown
on 0-100 point scale. * p < 0.05.
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groups in arc degrees of shoulder flexion from baseline to
after treatment at visit 2 (p = 0.011, η2 = 0.28, observed
power of 76%). Categorically, 9 out of the 10 patients from
the etanercept group with restricted paretic arm mobility had
improved shoulder flexion of their paretic arm, such that 6 of
these 10 showed marked improvements in active shoulder
flexion by an increase ≥60 arc degrees, 3 of the 10 fully
regaining 180 degrees of flexion. Again, as with the changes
seen with the reduced pain levels, this improvement was
noted to begin immediately (by 30 min) after the first treat-
ment during visit 1 (Figure 3(a)).

A significant group*treatment interaction was also demon-
strated for changes in mean passive flexion ROM for the
paretic arm (Figure 3(b); Wald χ2 = 4.861, df 1; p = 0.027).
Changes from baseline comparing the active to passive flexion
ROM within the etanercept-treated group were strongly cor-
related (Pearson’s correlation, r = 0.805; p < 0.01), indicating
that the etanercept effect was improving both aspects of
mobility for the paretic arm. No significant effect on either
active or passive shoulder flexion by the paretic arm was
detected within the 9 out of 10 in the control group with
restricted mobility (Figure 3; paired t-test, t(8) = 0.828; p > 0.5
for active; t(8) = – 1.076; p = 0.313 for passive). It should be
noted that one of the patients in the control group (the outlier
in Figure 1(b)), regained complete 180-degree flexion during
the trial.

No significant relationship was detected when comparing
the decreased pain levels and increased shoulder flexion of
the paretic arm in the etanercept group (r = 0.001, p > 0.05).
Categorically, although the majority of patients in the etaner-
cept group showed improvements in shoulder flexion for their
paretic arm, one patient in this group had significant pain
reduction, but without any accompanying changes in arm
mobility, whereas another four from this group, whilst show-
ing limited changes in their pain levels, had greatly improved
shoulder flexion.

5.3. Pressure pain sensitivity

Analysis by algometry (ALG) measured in Newtons across all
participants for baseline responses of the forearms to applied
pressure showed significantly lower levels detected as painful
by the paretic versus the unaffected arm (paired t-test: t(21) =
2.3; p = 0.03). Repeated measures from baseline (PRE), visit 1
(V1) and visit 2 (V2) after treatment were compared for
changes between groups (Figure 4(a,b) for the paretic and
unaffected arm, respectively).

During the trial, a mean increase in the applied pressure
(Newtons, N) was required to induce pain from the paretic arm
of the control group, whereas a decrease was demonstrated
for the etanercept group (Figure 4(a)) and analysis by general-
ized estimating equations demonstrated that the group*treat-
ment interaction was significant (p = 0.02). Post hoc analysis
demonstrated that the mean pressure pain threshold (in
Newtons) for the paretic arm within the control group at
visit 2 after treatment was significantly greater than the
mean level at baseline (paired t-test: t(11) = 2.53; p = 0.028).
Within the etanercept group, analysis of the unaffected arm
also showed a decrease in the pressure pain threshold at visit
2 after treatment compared to baseline, although this was not
significant (paired t-test: t(9) = 1.58; p = 0.147; Figure 4(b)).

5.4. Other secondary measures

No significant effects were detected for the between-group
differences in fatigue (FAS), depression (BDI) or sit-to-stand
(STS) measures over the course of the trial (Table 3).

Figure 3. Rapid and marked improvement in active shoulder flexion by paretic arm
after PSE treatment. Goniometry for mean changes in rotated angle (arc degrees) of
(a) active and (b) passive shoulder flexion from baseline, comparing between the
control (×) and etanercept (◊)-treated groups (± S.E.). PRE: baseline; V1: Visit 1 after
treatment 1; V2: Visit 2 after treatment. ** p < 0.01.
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Impairment from stroke in parameters including MOCA,
STS and BDI were noted to be insufficient in our study
groups in order to enable detection of any changes and
hence, these parameters were not further assessed. The
change in fatigue levels (FAS; out of 50) from baseline for
the two patient groups showed a similar trending improve-
ment based on the slopes of the graphs (Figure 5).

5.5. Thermosensory analysis

Approximately 40% of patients with CPSP reportedly experi-
ence hypoalgesia [59]. Consistent with this observation, 7 of
the 10 etanercept and 5 of the 12 control group (totaling n =
12 out of the 22 participants on trial) showed thermal pain
insensitivity at baseline with extensive thermal hypoalgesia

displayed by the paretic arm (Supplementary Table 2). Using
the thermosensory analyzer, reduced sensitivity to perceive
stimuli as either hot (p < 0.001) or cold (p < 0.001), as well
as lower hot or cold pain thresholds (both p < 0.001) were
detected when comparing the paretic to the unaffected arm
across all the participants at baseline.

Apart from a trend toward an increase in cold pain threshold
over time in the etanercept group (Figure 6; generalized estimat-
ing equations: group*treatment interaction, p = 0.053), no other
significant differences were apparent in thermal detection or
pain thresholds between the active and control groups.
Etanercept within-group bivariate analysis showed a significant
correlation (Pearson’s r = 0.730; p = 0.016) in the magnitude of
change from baseline to visit 2 (after treatment) comparing the
decrease in % pain levels (by the 0–100 point vNPRS-FPS) with
the increase in cold pain detection. No significant correlation was
detected within the control group (r = 0.045, p > 0.5).

In summary, these results demonstrate that there was
a rapid (by 30–60-min post-treatment) pain alleviation which
was maintained over time, together with marked improve-
ment in both active and passive mobility of the paretic arm
following two doses of etanercept treatment.

6. Discussion

This is the first double-blinded randomized controlled trial in
CPSP demonstrating the significant effects of two doses of
perispinal etanercept in reducing pain and improving mobility.
The significant reduction in pain remained evident 30 days after
trial enrollment and was not only statistically significant but
exceeded the minimal clinically important difference or MCID
[60] indicating the clinical relevance of such findings. The effects
were demonstrated to occur rapidly (starting within 30–60 min)
after the first treatment and were also complemented by
improvements in mobility indicating a role for perispinal etaner-
cept in improving the overall quality of life in CPSP.

Improvements in mechanical and thermal pain sensitiv-
ities also showed some interesting trends. Changes in func-
tional sit-to-stand times or psychological measures were not
significantly different between the two groups. Caution
should be observed when interpreting the results of this
trial. Although the overall responses for the etanercept
group were clearly apparent with the observed lowering in
mean pain levels reaching significance, universal improve-
ment in the primary outcome was not achieved. Four of the
10 etanercept group showed no or limited effects on their

Figure 4. Change in pressure sensitivity by algometry. Comparison of etanercept
versus control treatment groups for sensitivity to applied pressure by algometry on
the (a) paretic/hemiplegic arm versus (b) unaffected arm. Mean change shown for the
control (×) and etanercept (◊)-treated groups (± S.E.). PRE: baseline; V1: Visit 1 after
treatment 1; V2: Visit 2 after treatment. p> 0.05. Scale for applied pressure measured
in Newtons (N).

Table 3. Secondary Outcomes: differences in test scores at Visit 2 after treatment compared with baseline.

Assessment/Out of total score

Group Statistics Independent samples t-test for equality of the means.

Etanercept
(n = 10) (SE)

Saline control
(n = 12) (SE)

Mean Difference
(95% CI) p value (two-tailed)

BDI/63 −3 .8 (1.23) −6.67 (2.46) 2.87 (−2.96 to 8.7) 0.31
MOCA/30 −0.6 (1.79) 0.55 (0.9) (n = 11) 0·56 (−5.22 to 2.93) 0.56
FAS/50a −4.3 (1.35) −5.8 (1.82) 0.78 (−4.12 to 5.69) 0.74
STS/seconds −9.2 (2.37) −9.04 (2.64) 0.16 (−7.71 to 7.4) 0.97
ALG AFF ARM/N −2.1 (3.9) 10.7 (4.23) −12.8 (−25 to −0.6) 0.04
ALG GOOD ARM/N −7.81 (4.91) 1.12 (5.89) −8.93 (−25.35 to 7.5) 0.27

aAt day 30 compared to baseline. Abbreviations: ALG: Algometry of paretic/hemiplegic (affected; AFF) versus good arms measured in Newtons (N); BDI: Beck’s
Depression Inventory; MOCA: Montreal Cognitive Assessment; FAS: Fatigue Assessment Score; STS: Five times Sit-To-Stand.
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pain levels. However, in contrast, 3 in 10 of the etanercept
group showed complete or almost complete resolution of
CPSP after either the first or second of the two perispinal
treatments. These results indicate that etanercept demon-
strates variable responses on CPSP at the individual level. At
present, the possible reasons for the significant reduction in
pain levels for several of the patients from the perispinal
etanercept group, but not by all patients in this group, is
not clear. Possible reasons may relate to the extent and
outcome of the post-stroke reorganization in the central
nervous system and factors including lesion size, extent
and severity of the stroke damage, and time elapsed since
stroke. Further studies will be required to resolve these
points.

Although the processes associated with the reduction in
constant levels of pain in the stroke patients are not readily
apparent, trends toward a normalization of mechanical and

thermal sensitivities were also demonstrated. A previous study
of CPSP treatment using deep brain stimulation reported similar
improvements in pain associated with normalization of deficits
in somatosensory perception, including thermal sensitivity [61].
The results for algometry and thermosensory analysis of CPSP
patients obtained in the present study suggest that the changes
in the etanercept group were trending toward normalization of
somatosensory function occurring with increased thermal and
pressure pain sensitivity, in line with the other trial outcomes of
improved neuromuscular function.

Typically, normal pain thresholds are approximately 45ºC
and 10ºC for hot and cold (Medoc Advanced Medical Systems,
Ltd) respectively. Based on the Medoc thresholds and from
comparing thermal responses of the paretic to the unaffected
arm, almost half of the patients in each group demonstrated
thermal hypoalgesia at baseline. Notably, the two patients
with the strongest pain reduction in the etanercept group
also showed the greatest normalization in their thermal and
mechanical pain sensitivity, consistent with the increasing
sensitivity associated with returning or restoration of neuro-
sensory function. This was further confirmed by bivariate cor-
relation when comparing the magnitude of the reduction in
CPSP levels with the increase in thermal sensitivity to cold
temperature-related pain responses.

6.1. The role of TNFα in central post-stroke pain

The data from this trial further adds to the mounting evidence
supporting a direct role within the central nervous system for
TNFα involvement in pain modulation [62] and specifically for
neuropathic pain conditions [23] such as CPSP. The present
outcomes from this randomized clinical trial also support the
previously reported observational data that showed positive
clinical responses to TNFα inhibition in patients with chronic
stroke and associated improvements in moderate to severe
disability [32,33,43]. Elevated TNFα levels have not only been
demonstrated in the cerebral spinal fluid of acute stage [9,12–
18] but also chronic post-stroke patients [19], as well as in
patients with clinical depression [63], traumatic brain injury
[19,64], multiple sclerosis, dementia and probably a host of
other neurological disorders, as reviewed in [7,42,45]. This
raises the specter of TNFα having a major role not only in
the stroke penumbra and acute phase of damage, but also
impacting on the ensuing global inflammatory aspects affect-
ing the wider range of normal brain function [65]. The
improvement in clinical outcomes in our study for CPSP
patients after treatment with a TNFα inhibitor further impli-
cates the role of TNFα in this condition as well.

The underlying mechanism(s) at the molecular level
responsible for the improvement in clinical outcomes in our
study are challenging to define. TNFα has been recently
shown to induce the increased expression of the TRP family
of calcium-channel-related thermal nociceptors [66] and this
action of TNFα would increase pain sensitivity via nociceptor
sensitization [66,67]. TNFα receptor signaling is also required
for development and function of primary nociceptors in sen-
sory neurons [68]. The alleviation of CPSP in the present study

Figure 5. Similar change in Fatigue Assessment Scores (FAS). Both control (×)
and etanercept (◊) groups (± S.E.) showed improvement in mean fatigue levels
(lower values out of total 50) over the trial period. PRE: baseline; V2: Visit 2 after
treatment 2; D30: day 30 after Visit 1. p > 0.05.

Figure 6. Quantitative thermosensory analysis. Change in recorded temperature
(0C) for cold pain sensitivity of control (×) versus etanercept (◊) groups (± S.E.)
during trial. PRE: baseline; V1: Visit 1 after treatment; V2: Visit 2 after treatment.
p > 0.05.
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supports this mechanism as possibly underlying changes in
the central nervous system in response to etanercept actions
shown here and reported elsewhere [28,69]. However, the
improvements in somatosensory perception in both arms
demonstrated after treatment with etanercept are more diffi-
cult to explain. Despite the reduction in CPSP in the group
administered perispinal etanercept, our study did not demon-
strate a clear improvement in thermal sensory thresholds,
although there was a trend toward normalization of cold
pain thresholds in the etanercept group which correlated
significantly with the decrease in CPSP within this group.
Hence, the gain in responsiveness to both peripheral pressure
and thermal stimuli suggest a normalization/restoration was
also occurring in somatosensory perception by the central
nervous system, along with the reduced CPSP. The small
sample size likely precluded detecting more highly significant
differences in thermal and pressure sensitivity. TNFα has
a plethora of other roles in the central nervous system for
regulating neuronal function, synaptic plasticity and neuro-
transmitter activity related to pain [70–73] which may also
underlie mechanisms associated with the persistence of CPSP
and the effects of anti-TNFα detected here.

6.2. TNFα and neuromuscular function

In view of the above neurosensory aspects of TNFα, under-
standing TNFα’s role in control of neuromuscular function is
limited. An unprecedented finding of this trial was that the
majority (90%) of patients within the etanercept group
showed significant rapid enhancements in both active and
passive shoulder flexion ROM by their paretic arm. This change
in movement was irrespective of effects on their pain levels,
with three out of the 10 patients in the etanercept group
regaining their full use and complete 180 degrees of active
shoulder flexion. This result indicates that a relaxation in the
extent of spasticity was likely occurring in the arm muscles of
patients treated with perispinal etanercept, improving both
their active and passive control of movement. TNFα has pre-
viously been demonstrated to be associated with muscle atro-
phy, particularly during cachexia in diseases such as cancer
[74], and increased TNFα levels have been linked with skeletal
muscle loss/atrophy as a common sequelae associated with
individuals with chronic stroke symptoms [75], as well as
sarcopenia [76]. The rapid improvement (after first treatment)
in active shoulder flexion provides evidence that such seque-
lae may be reversible and points to TNFα also being involved
in regulating neuromuscular function. Hence, when the results
with loss of pain, changes in sensory (thermal and pressure)
perception and improved mobility are considered together,
occurring almost immediately following first treatment (with
no significant changes in the control group), the data provide
the first confirmatory supportive evidence from a randomized
parallel double blinded clinical trial for rapid and wide-ranging
benefits achievable by treating stroke patients with perispinal
etanercept.

It would be remiss not to discuss the risks from etanercept
for potential adverse effects. The risk profile for serious infec-
tions with etanercept is similar to that observed with the other

TNFα blockers (reviewed in [38]) and in some cases, maybe
lower [40]. Among patients with autoimmune diseases, com-
pared to treatment with nonbiologic regimens, initiating anti-
TNFα has not been associated with greater risk of serious
adverse events (defined as requiring hospitalization for serious
infections) [77]. Consistent data from observational studies
also suggest that the rate of serious infections was mainly
increased over the first 6–12 months of ongoing use (reviewed
in [78]). Millions of doses, with many at 50 mg being twice the
presently tested dose (25 mg), are commonly being applied in
much higher dosage numbers (often up to 50–100 doses
per year per patient) over many years of chronic use for the
treatment of autoimmune diseases. Hence, the short-term use
of two 25 mg doses presently administered over a 2-week
period for perispinal etanercept treatment has a relatively low-
risk side-effect profile and is well tolerated. It would also seem
to offer advantages over the current use of sedative drugs
such as opioids or gabapentanoids for treatment of pain in
stroke patients [79,80].

Some discussion is warranted regarding the observed
power of this study as a guide and reference in relation to
future trials. A posteriori power analysis from this single study
showed that the small sample size was sufficient, particularly
based on the goniometry change in ROM by shoulder flexion
at 76%, with a high level of significance. On the other hand,
the primary outcome measure of pain analysis showed a 53–-
56% power with a lower level of significance with this power
estimate below the level predicted a priori. These findings
suggest that the size of the cohorts used was close to the
minimum sample size for statistical significance and would
likely improve with increased numbers. A limitation of the
present study was that it did not improve all the secondary
outcomes of the trial, most likely because of the small sample
size (total n = 22) which precluded sufficient power to detect
statistically significant responses for some of these measures.
In addition, these findings may prove to be of value as a guide
for proceeding with caution when considering the design and
planning for future-related trials in that the improvements in
BDI, STS and FAS tests in both groups (Table 3) indicated that
the control group may have experienced a placebo effect
within these secondary parameters, possibly reflecting the
control group participants’ positive beliefs in obtaining some
benefit on trial. Alternatively, this could also have been an
effect from the saline control acting as a dilution factor after
injection into the cerebrospinal venous system or may reflect
the relatively short duration of the study with measures span-
ning over a four-week period. In this regard, placebo effects
have been previously reported to occur in some pain trials
[81,82]. A small effect was noted with a trend toward lower
pain levels detected after first treatment within the control
group, but this was not significant. A possible reason for this
would be the self-realization of the control patients during the
trial that they were not obtaining any obvious improvement.

Several questions arise from this study with the intent of
optimizing patient outcomes in the longer term, particularly
relating to the underlying causes for the variable response
rates, with some but not all our stroke patients showing dra-
matic improvements after perispinal etanercept. With further
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studies, it may be possible to expand on the application of
perispinal etanercept therapy by identifying more precisely
the determining factors for those patients who show signifi-
cant responses, as well as the longevity of their effects. Our
study’s focus was on chronic stroke patients (average of 4 to 5
years since stroke) and the primary endpoint was 30 days after
the first treatment. Thus, the role of anti-TNFα in earlier stages
of stroke, or the longevity of treatment effects cannot be
determined from our data, nor can we address the possibility
of greater improvements that might be obtained with further
perispinal etanercept treatments. Hence, dose optimization
clearly needs to be established, including determining the
best regimen, the dosing level to be delivered via the cere-
brospinal venous system, the optimal timing of stage of stroke
and the intervals between successive treatments. Larger trials
would also allow the underlying mechanisms to be further
evaluated, with our current trial being underpowered to
detect changes in thermal or pressure sensitivity/pain, albeit
with a trend toward normalization.

Despite the relatively small sample size, the effect size
and power of this study was sufficiently adequate for the
primary outcome measure of pain, as was predicted based
on the previously reported open-label results in stroke
using the vertical pain assessment score [32]. Hence,
together with the presently documented outcomes from
small total participant numbers, our results bode well for
any follow-up trials. It is advisable that follow-up studies
consider the possibility of the short-term placebo effects as
seen with some of the secondary exploratory measures
examined here. These effects would likely dissipate over
long-term evaluation as patients in the control group
undergo the self-realization that they are on the saline
treatment, given a lack of significant effects on their pain
levels, or on their functional mobility.

7. Conclusions

This randomized, double-blinded, controlled parallel trial
design significantly improved health outcomes in CPSP,
particularly for reducing average and worst daily pain
levels after treatment with perispinal etanercept.
Improvements were also obtained with secondary outcome
measures of pain and functional mobility. The reduced
pain severity has provided significant ongoing benefits
for some patients, at least over the medium term offering
several months of reprieve (noted from follow-up post-
trial) and points to a key role-played by TNFα in the
manifestation of CPSP.

Putting our findings into the wider evidential context, etaner-
cept has been shown to improve neurological outcomes in six
different experimental animal models of stroke (reviewed in [29]).
The supportive evidence from animal models together with the
findings from this randomized clinical trial and the favorable
outcomes from open-label use in over a thousand stroke patients
during the past 9 years [32,43]; reviewed in [29]) and the recent
case report of immediate resolution of hemispatial neglect and
CPSP after perispinal etanercept [31] should arguably justify the
availability of perispinal etanercept therapy for chronic stroke
being assigned a higher priority. Furthermore, encouragement

should be offered promoting further studies to be undertaken so
that this treatment gains wider recognition and the acceptance
required by the regulatory authorities. The above results in toto
provide solid evidential support for the efficacy of perispinal
etanercept therapy in improving outcomes with chronic stroke.
It also emphasizes the need for further studies to identify in
detail how to better exploit this information for alleviating the
suffering experienced by stroke victims and to avoid the pre-
sently used and often ineffective drugs currently in clinical prac-
tice with their higher associated health risks including noted
features of sedation and dizziness [83, 84].
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