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Editorial

Time for a neurorestorative
therapy in stroke
Pekka Jäkälä & Jukka Jolkkonen†
†University of Eastern Finland, Institute of Clinical Medicine -- Neurology, Kuopio, Finland

Stroke remains one of the main causes of death and disability worldwide. The

aging of the population is likely to result in a dramatic increase in the burden

of stroke. Thus, it is not surprising that the pharmaceutical industry has

invested much money in the development of pharmacotherapies for ischemic

stroke. Promising experimental data, however, have almost consistently failed

to produce a clinically effective neuroprotective or neurorestorative drug.

Only intravenous recombinant tissue plasminogen activator (rtPA) has been

approved for the treatment of acute ischemic stroke. Many pharmaceutical

companies have scaled down their stroke programs and despite the unmet

need, activity in the field is almost frozen. Trafermin, a recombinant form of

human basic fibroblast growth factor (bFGF), is a good example of a transla-

tional failure in neuroprotection. However, trafermin may also promote neu-

ronal plasticity after cerebral insults. Thus, clinical trials with trafermin in

stroke are warranted but should be based on neuronal restoration rather

than acute neuroprotection.
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Effective pharmacotherapy for stroke remains an unmet need. Current research has
primarily focused on prevention, acute recanalization and neuroprotection. Yet
another approach is to enhance functional recovery. Together these provide compli-
mentary strategies, with different mechanisms and therapeutic time windows that
may help stroke patients (Table 1).

Preventative therapies, improved control of risk factors and lifestyle modifications
are known to reduce stroke incidence and mortality [1]. Of the antiaggregants, aspi-
rin leads to a 17--18% reduction in new stroke or transient ischemic attack
(TIA) [2,3] and the combination of aspirin and slow release dipyridamole leads to
a 38% reduction [3]. Furthermore, clopidogrel was shown to be as effective as the
combination of aspirin and slow release dipyridamole in secondary prevention [4].
Low efficacy and bleeding complications have prompted the continued search for
safer and more effective platelet antiaggregants. However, the testing of new treat-
ments is becoming more difficult as shown by a large randomized trial of a novel
antiplatelet agent, terutroban. This did not show any efficacy or safety advantages
over aspirin for the secondary prevention of ischemic stroke or TIA [5].

Some bright light in stroke prevention comes from very recent anticoagulant tri-
als. The Randomized Evaluation of Long term anticoagulant therapy (RE-LY) trial
showed a reduction in stroke risk by a direct thrombin inhibitor, dabigatran
(150 mg), compared with warfarin in patients who had atrial fibrillation, either
with or without a history of stroke or TIA [6]. In the Rivaroxaban Once Daily
Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Pre-
vention of Stroke and Embolism Trial in Atrial Fibrillation (ROCKET-AF) trial,
rivaroxaban, a factor Xa inhibitor, was shown to be equivalent to warfarin in
patients with atrial fibrillation [7] and in the Apixaban for the Prevention of Stroke
in Subjects With Atrial Fibrillation (ARISTOTLE) trial another factor Xa inhibitor,
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abixaban, showed superiority over warfarin in patients with
atrial fibrillation in preventing stroke or systemic embolism
and caused fewer bleeding complications [8].
Unfortunately, there is no effective drug therapy to help

stroke patients during the acute phase except thrombolysis
with recombinant tissue plasminogen activator (rtPA), which
is only available for a small fraction of patients due to a narrow
therapeutic time window of 4.5 h [9]. A number of trials are
investigating how to extend the time window for thrombolysis
or how to combine different therapies [10]. Alternative
approaches for recanalization by using endovascular devices
and techniques are also under development [11]. Neuroprotec-
tive drugs are effective in experimental settings, but despite
huge efforts, none have so far worked in clinical practice [12,13].
The National Institutes for Health (NIH)-sponsored Albumin
In Acute Stroke (ALIAS) Part 2 trial with albumin is one of the
rare ongoing neuroprotective trials in stroke [14]. In addition,
minocycline, magnesium sulfate and citicoline are currently
being tested in Phase II and III clinical trials [13,15].
Another approach for the treatment of stroke is enhance-

ment of spontaneous functional recovery. The adult brain is
not as rigid as once thought and several repair mechanisms
are activated in response to injury, including angiogenesis,
neurogenesis and synaptogenesis [16,17]. More importantly,
the brain repair processes can be further stimulated by rehabili-
tation, pharmacotherapy and cellular therapy. The major
advantage compared with neuroprotection is the extended
therapeutic time window up to several weeks or months after
the initial insult. This makes the treatment available to a
much larger number of stroke patients. In addition, different
rehabilitative approaches can be combined to further boost
functional improvement. For example, a recent study (Fluox-
etine for Motor Recovery After Acute Ischemic Stroke
(FLAME)) showed that early prescription of fluoxetine with
physiotherapy enhances motor recovery after 3 months in
patients with ischemic stroke [18].

Much hope and promise are placed on restorative therapies.
Cell-based therapies, various growth factors, G-CSF and
erythropoietin (EPO) are just a few potential strategies to
enhance recovery processes [13,15]. In a recent issue of Expert
Opinion on Biological Therapy, the clinical development of
trafermin was summarized [19]. Promising experimental data
with basic fibroblast growth factor (bFGF) were followed by
Phase III patient studies at the acute phase of stroke, which
failed to show neuroprotective effect and were perhaps prema-
turely terminated [20,21]. The previous experimental studies
had included both permanent and transient middle cerebral
artery occlusion (MCAO) models in several species, in line
with the Stroke Therapy Academic Industry Roundtable
(STAIR) recommendations [22]. However, at least two issues
arise. Firstly, it was assumed that systemically administered
bFGF crosses the damaged blood--brain barrier and is thus
available to ischemic brain tissue. However, there were no
proper dose--response studies in stroke animals regarding pos-
sible side effects. The intravenous doses for patient studies
were scaled up according to body weight, resulting in adverse
effects that led to the termination of the study. Perhaps the
neuroprotective doses selected from animal studies were just
too high. Also, the primary outcome measure was infarct
size in most of the experimental studies. Additional use of pre-
dictive and sensitive sensorimotor and cognitive testing could
have revealed a functional benefit in ischemic animals, which
is more relevant to clinical practice.

Having a look back at the experimental data, it is now easy
to second-guess that bFGF is restorative rather than neuropro-
tective. Chen et al. [23] suggested in 1994 that bFGF produced
by neurons, macrophages and glial cells may enhance angiogen-
esis in MCAO rats. Later studies by Kawamata et al. [24,25] pro-
vided evidence that delayed administration of bFGF facilitates
behavioral recovery after stroke, possibly through promoting
new synapse formation, as indicated by growth-associated
protein-43 (GAP-43) expression. Neurogenesis is also activated

Table 1. Pharmacotherapy of stroke.

Prevention Neuroprotection Neuronal restoration

Experimental models A variety of thromboembolic
models (e.g., FeCl3, Rose Bengal
induced)

A number of transient
and permanent MCAO
models

The MCAO models, emphasis
on valid behavioral tests

Underlying neurobiological
mechanisms

Multiple, well-understood Multiple, well-understood Multiple, knowledge is emerging
on the brain’s own repair
mechanisms

Therapeutic time window Before possible new or recurrent
ischemic event

< 8 h Days to months after ischemic
event

Preclinical experience Variable, mainly positive
evidence

Huge number of positive
experimental studies

Increasing amount of
experimental evidence

Clinical experience Reduction in major vascular
events, bleeding complications

tPA, neuroprotective
drugs not effective in
patients so far

No proven therapy

Future hopes Some progress expected Activity in the field almost
completely frozen

High

MCAO: Middle cerebral artery occlusion; tPA: Tissue plasminogen activator.
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by bFGF even in aged stroke rats, contributing to behavioral
recovery [26]. To support this, Wang et al. [27] administered
bFGF intranasally at several days after MCAO in rats and
this enhanced neurogenesis and improved behavioral recovery.
Interestingly, a post-hoc analysis of Phase III data revealed that
the stroke patients who received 24-h infusion of bFGF at
5 h or later had improved clinical outcome, suggesting that
treatment targeting the initial phases of brain repair may
be beneficial.

Restorative therapies are integral in helping patients regain
motor control after stroke. Based on both experimental data
and subgroup analysis of clinical trials, a proof-of-concept
study with bFGF is justified, but now with approaches that
aim to enhance neuronal recovery and functional outcome

in a carefully selected population of stroke patients. Previous
experience and drawbacks should guide the clinical trial
design, for example, intranasal administration of bFGF may
be associated with fewer side effects [27], the combination of
bFGF and intensive rehabilitative training and other restor-
ative interventions might maximize the therapeutic benefit [28],
and the use of appropriate functional endpoints might
reveal the true functional recovery rather than compensatory
strategies [29].
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