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Abstract 

Part III examines the evidence for the involvement of the pro-inflammatory cytokine, Tumour Necrosis Factor-
alpha (TNFα) in neuropathologies other than Alzheimer’s Dementia (AD), and for using an anti-TNF therapy, 
Etanercept (ENBREL), to target and treat these health problems, including chronic stroke, neuropathic pain or 
traumatic brain injury (TBI). All of these can become chronic illnesses and are of major incidence with a grossly 
unmet need to improve their treatment. The three-part review presents the overwhelming scientific and medical 
basis as to why research studies and more trials to evaluate the use of the perispinally administered anti-TNFα 
drug, Etanercept, are justified to allow it to become a front-line standard therapy. Part I established the role of 
TNFα as a direct regulator of neuronal synaptic activity. It is in this context, as detailed below, that targeting 
TNF in the brain holds major significance, not only for treating the dementias, but also its great benefits in 
reducing long term pain during rehabilitation from TBI or chronic stroke. Given the increasing numbers of 
families afflicted with Alzheimer’s disease, chronic stroke, neuropathic pain or TBI, clinical studies are now 
imperative to improve the treatment of these life-threatening and debilitating illnesses.  
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Evidence from clinical disease states and 
genetic studies supports a role for TNF not 
only in dementia but also in depression, 
migraine and size of the hippocampus 
The neurological consequence of excess brain 
concentrations of TNF (usually defined by 
cerebrospinal fluid (CSF) concentrations exceeding 
the upper limit of the homeostatic range required for 
normal physiological function) is to inhibit 
neurotransmission. Examples of the normal limits 
being exceeded include the increased brain and CSF 
levels of TNF reported in human and experimental 

meningitis [1, 2], cerebral malaria [3], Alzheimer's 
Dementia (AD) [4, 5], frontotemporal dementia (FTD) 
[6] and Parkinson's disease [7]. Where examined, CSF 
and serum levels of TNF did not correlate, implying 
distinct production within either of these two 
compartments. 

Several studies have shown that production of TNFα 
is increased in the brain tissue of patients suffering 
Late-Onset Alzheimer's Dementia (LOAD) and plays 
an important role in the pathogenesis of this disease. 
Epidemiological studies also suggest that patients 
taking anti-inflammatory drugs have a decreased risk 
of developing AD [8, 9]. Functional polymorphisms 
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in the TNFα promoter can also affect immune 
response, inflammation, tissue injury and likely relate 
to the susceptibility to migraine and AD [10–12]. 
Other genetic studies have linked specific mutations 
within the TNF genes with variations associated with 
beta-amyloid levels in the CSF [13], as well as 
predicting the hippocampus volume in healthy 
individuals [14]. Also, two meta-analyses have shown 
that inflammatory marker levels such as C-reactive 
protein (CRP), interleukin (IL)-6 and TNFα were 
increased in depressed persons compared with non-
depressed subjects, and this was further confirmed in 
elderly depressed patients in a more recent study [15]. 
Thus, considerable research connects TNF with the 
pathogenesis of major depression. It is therefore not 
surprising that there are current clinical trials to 
determine the link between depression, stress and the 
onset of Alzheimer’s. Increased serum levels of a 
range of inflammatory cytokines, including TNF, have 
also already been documented in such patients [16–
18] as have serum levels of soluble TNF receptors, 
which are less labile, and therefore more reliable, 
markers of enhanced TNF activity [19,20]. Studies 
showing increased TNF levels in depression have 
since been extended to samples of various brain 
regions collected at autopsy, with the same conceptual 
outcome [21]. Indeed, a recent meta-analysis covering 
24 studies has reported significantly higher 
concentrations of TNF and IL-6 in the state of mental 
depression compared with control subjects [22]. 

A further clue to the chronic inflammatory process of 
the innate immune system in the brain being 
associated with AD comes from two recent articles 
and an accompanying editorial [23] identifying 
mutations in the TREM2 gene, an innate immune 
receptor strongly linked to AD, involved in Aβ 
clearance.  

A very pertinent study by Dr Clive Holmes et al. [24] 
has reported that both acute and chronic systemic 
inflammation was associated with increased serum 
levels of TNF and increased cognitive decline in 
Alzheimer’s patients, and they are currently carrying 
out clinical trials (A phase II, double-blind, placebo-
controlled study of the safety and tolerability of 
Etanercept in patients with Alzheimer's disease. US 
ClinicalTrials.gov identifier: NCT01068353) using 
subcutaneous administration of Etanercept rather than 
the Tobinick perispinally administered patented 

therapy [25–31] to determine its effects on cognitive 
function in 40 AD patients (55 years and older). The 
phase II trial was supported by the University of 
Southampton, funded by the UK National Health 
Service, and also supported by the pharmaceutical 
giant Pfizer. Hence, support and interest does exist for 
researching Etanercept therapy for Alzheimer’s. In the 
Holmes et al. study, Etanercept (50 mg doses) was 
given as a once weekly subcutaneous injection over a 
six-monthly period.  The results from this study were 
announced at the Copenhagen Alzheimer’s 
Association International Conference in July 2014, 
which showed that the course of Etanercept treatment 
halted the progression of AD in those patients 
receiving it, whereas the placebo control continued to 
show a progressive decline in their cognitive functions 
[32]. In addition, the Etanercept treated group showed 
marked improvements in their neuropsychiatric 
behaviour inventory (NPI) scores, indicating more 
active and engaging/positive attitudes to life. These 
double blind, randomised clinical trial results are 
consistent with the observations found for rheumatoid 
arthritis patients using anti-TNFs [33], and if 
validated, are of immense importance for humanity 
[32]. 

A problem with the UK study was that it utilised 
abdominal subcutaneous injection of Etanercept, 
which would greatly reduce drug availability and 
access into the brain of treated patients. This contrasts 
with the perispinal route employed by Tobinick, used 
in a phase I/II trial of Etanercept at Griffith 
University, Gold Coast, Australia. There is 
overwhelming evidence supporting the delivery of 
perispinally administered Etanercept travelling via the 
Batson’s plexus to directly gain entry into the brain 
based on radiological imaging and/or anatomical 
studies [29,30, 34]. 

In every current model for the different 
neurodegenerative diseases, including Alzheimer’s 
models in animals, substantial evidence exists that 
anti-TNF therapy ameliorates the disease, blocks TNF 
in the brain and can even reduce amyloid plaque 
formation. For example, the use of anti-TNF targeted 
monoclonal antibody therapy has been shown to 
protect the brain from ischaemia-induced stroke in 
animal studies [35]. Marchand et al. [36] proposed 
pharmacological targeting of TNFα as a therapy for 
spinal cord injury and Chio et al. [37] and Chen et al. 
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[38] have shown that Etanercept is an effective 
treatment reducing tissue damage after traumatic brain 
injury (TBI), improving locomotor function. Similar 
results were obtained in models of brain injury 
involving experimental subarachnoid haemorrhage 
[39]. The study of Shi et al. [40] demonstrated that 
intracerebroventricular injection of the monoclonal 
TNFα antibody Infliximab, had positive effects on the 
pathological features of AD in the mouse model, 
APP/PS1 double transgenic mice. They found that 
Infliximab administration reduced the levels of TNFα, 
amyloid plaques, and tau phosphorylation as early as 
three days after daily injection of 150 µg Infliximab 
per day. The authors concluded that this provided 
strong support for its similar use for Alzheimer’s in 
humans. Tweedie et al. [41] from the Drug Design & 
Development Section of the National Institutes of 
Health (NIH) in the USA have also proposed TNFα 
inhibition as a treatment strategy for the 
neurodegenerative disorders. 

 

Safety of the perispinal procedure for 
administering Etanercept therapy – 
evidence from treating neuropathic pain 
Doctors working at three clinical branches of the 
Institute for Neurological Research, based in 
California and Florida, USA, have been treating 
patients with lower back pain and have over a decade 
of clinical experience utilising the Perispinal 
Etanercept therapy. They have reported successfully 
treating over 3000 patients with intractable disc-
related pain ([27]; reviewed in [30]). In spite of 
having administered nearly 10,000 injections of 
Etanercept, via the perispinal delivery route, they have 
never encountered an adverse reaction or response to 
the needle injection procedure. This speaks to its 
safety, as a very benign procedure [30]. Regarding the 
safety aspect of the treatment, it should also be 
pointed out that in their desperation caregivers have 
been travelling from around the globe either to the 
USA or to Nicaragua, to either obtain therapy or 
receive medical training to administer this therapy to 
their loved ones. Although Etanercept administration 
by non-medically qualified persons is not to be 
encouraged, it does indicate that the technique is 
relatively safe and can be administered to good effect 

by laypersons, much like insulin injections for 
diabetes.  

In several clinical studies establishing Etanercept as a 
treatment for back pain, it has been delivered by 
epidural injection directly into the cerebrospinal fluid 
(CSF) and animal and human safety studies have 
consistently revealed no behavioural, neurologic, or 
histologic evidence of drug-related toxicity. 
Significant improvements in leg and back pain were 
collectively noted for the Etanercept-treated patients, 
but not for the saline-treated groups, one month after 
treatment [42]. Another study, in Australia, using 
epidural injection of Etanercept to treat back pain has 
been reported [43], originally presented at the annual 
meeting of the International Society for the Study of 
the Lumbar Spine at Spine Week 2012, Amsterdam, 
Netherlands. In this double-blinded, randomised 
clinical trial, Freeman et al. treated 49 subjects with 
persistent lumbosacral radicular pain of between six 
and 26 weeks duration. Although they used lower 
doses of Etanercept, these were directly injected into 
the CSF (providing a greater localised dose) and they 
reported that this was safe, well tolerated, and 63% of 
the Etanercept group recorded that they were 
“improved” or “very much improved” [43]. 

The low doses used in the Cohen et al. report [42] and 
the Freeman et al. [43] trial for alleviating back pain 
involved directly injecting into the CSF in line with 
the targeting of the spinal cord via epidural injection. 
However, this approach is a much more invasive 
procedure, necessitating specialist clinical 
involvement, whereas the perispinal approach is much 
less invasive, lower risk and more readily amenable to 
administering by doctors within the context of their 
general practice. This should be the potential outcome 
of any clinical trials in the event that Perispinal 
Etanercept therapy proves to be successful, making 
the treatment more widespread and readily available 
to the public by trained general practitioners. More 
recently, and for the same reasons outlined above, 
anti-TNF therapy by similar means has been proposed 
as an early stage intervention in spinal cord injury 
[44], pointing to the widening applications of this 
therapy. 

The drug, Etanercept, has generally proved to be very 
safe and well tolerated and has been used to treat 
many millions of people worldwide for arthritic-
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related autoimmune diseases. Recently, meta-analyses 
of large scale randomised clinical trials of over 30,000 
patients showed that there is no increased risk of 
cancer from Etanercept treatment [45, 46]. A review 
of observational research designs has revealed a 
slightly higher risk of infection within the first few 
months of initiating anti-TNF treatment [47–49], 
followed by a progressive reduction. A recent report 
analysing a large cohort of 16,506 patients treated 
with anti-TNFα showed around 7% serious infections 
most of which were pneumonia, skin and soft tissue 
infections [50]. Overall, Etanercept has a very well 
publicised safety record and it is continuing to be very 
widely used, despite its significant purchase price.  

 

Perispinal Etanercept therapy for chronic 
stroke or TBI-induced impairment and 
recovery 
Brain injury from stroke and traumatic brain injury 
(TBI) often results in a persistent neuroinflammatory 
response in the injury penumbra and currently no drug 
treatment exists that is specifically approved to treat 
the spectrum of chronic neurological dysfunction that 
affects the millions of survivors with chronic stroke. 
Given that stroke is the second highest cause of 
morbidity and functional disability worldwide and a 
common cause of death, this represents a major health 
issue globally. Several recent studies have shown 
linkage associations of TNF promoter mutations with 
increased risk of ischaemic stroke [10, 51–53]. The 
results of stroke include microglial activation and 
excess levels of TNF that can persist from hours to 
days and patients with ischaemic stroke classified as 
cardio-embolic compared to other subtypes showed 
significantly higher median plasma levels of TNFα, 
IL-6 and IL-1β [54]. A recent study of focal ischaemia 
in mice caused by occluding their left middle cerebral 
artery (MCA), inducing an infarct also showed that 
systemic anti-TNF therapy significantly improved 
functional outcomes [55]. Thus, the previous 
experimental data provide overwhelming evidence 
that anti-TNF therapy ameliorates microglial 
activation and can mitigate the adverse synaptic 
effects of excessive TNF (see Part I and II and 
preceding sections above). 

The most highly supportive study comes from a recent 
large open label trial that reported the results of a 
systematic examination of the clinical responses 
following perispinal administration of Etanercept in a 
cohort of over 600 patients with chronic neurological 
dysfunction after stroke or TBI [31, 56]. Highly 
significant improvements across the board in motor 
impairment, spasticity, sensory impairment, cognition, 
psychological/behavioural function, aphasia and pain 
were noted in the stroke group, with a wide variety of 
additional clinical improvements noted in individuals, 
such as reductions in pseudobulbar affect and urinary 
incontinence. Improvements in multiple domains were 
typical. Surprisingly, significant improvements 
continued irrespective of the length of time before the 
Perispinal Etanercept treatment was initiated. In fact, 
there was evidence of a strong treatment effect even in 
the subgroup of patients treated more than ten years 
after stroke or TBI. In the TBI cohort, motor 
impairment and spasticity were statistically 
significantly reduced. These studies provide 
overwhelming evidence that perispinal injection of 
Etanercept is safe and offers consistent improvements 
in the cognitive and neuromuscular function of a very 
high percentage of patients with chronic stroke or 
TBI. 

 

Alternative therapies for age-related and 
other neuropathologies 
Given the overwhelming scientific rationale and 
substantial evidence justifying research trials testing 
the Perispinal Etanercept (PSE) therapy as outlined 
above, and the dismal failure of recent drugs like 
Dimebon [57] and the amyloid targeted antibody-
based therapies, other alternative therapies are mostly 
irrelevant to the proposed Etanercept research trials. 
As pointed out in a previous review [58], many of the 
other therapies (e.g. intravenous immunoglobulin;  
IV-IG), sigma receptor agonists, alpha-7 adrenergic 
receptor modulators) and more recently, progranulin 
modulators [59] probably act indirectly by inhibiting 
TNF and its receptor signalling pathways anyway.  
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Conclusions 
Everyone is facing the prospect of developing 
Alzheimer’s disease or a related dementia and the risk 
increases so that by the time we reach 80–90 years of 
age, nearly one in two people will develop it, as the 
third leading cause of death. Within the next 10 years, 
it will become the leading health issue and major 
cause of death, unless research into its treatment can 
soon produce successful treatments. The 
overwhelming volume of supportive evidence 
outlined herein not only identifies that Perispinal 
Etanercept (PSE) therapy can help to improve the 
cognitive function of dementia patients, but other 
brain disorders as well, including neuropathic pain, 
and that it is very safe, effective and a non-invasive 
procedure. Worldwide trials should be supported that 
develop potential breakthrough therapies such as 
Etanercept for dementia and for rehabilitation of 
chronic stroke, neuropathic pain or brain trauma 
victims. It is already proving its worth in treating 
patients throughout the USA and UK. Many medical 
practitioners have witnessed firsthand the safe, low 
risk procedure and the ensuing improvements in the 
general demeanour of patients who were given 
Etanercept treatment. Recent discussions in the 
medical literature are supporting the rights of patients 
to seek out off-label drug treatments for related 
illnesses [60, 61]. It is in the public interest to promote 
greater awareness and support for properly conducted 
randomised clinical research trials assessing 
Perispinal Etanercept (PSE) treatment 
(http://www.pseag.com).  
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