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Introduction

A great number of randomized clinical trials in pain in CIPN 
failed to demonstrate a significant treatment effect of various 
analgesics and co-analgesics [1-3]. One of the reasons recently 
proposed for this unfortunate finding is linked to the hetero-
geneity of the pathophysiology in CIPN. Sisignano et al (2014) 
pointed out that data from animal experiments indicate that 
the pathophysiological mechanisms of pain generation in CIPN 
are even more complex than those in painful diabetic neuropa-
thy and herpes zoster neuropathy [4]. It is suggested that this 
heterogeneity of pain mechanisms, relates to the unsuccess-
ful translation of preclinical findings to the treatment of pain 
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In Chemotherapy-Induced Peripheral Neuropathy (CIPN) 
epidermal nerves and keratinocytes are damaged due to 
toxic influences of oncolytical therapies. One important 
detrimental factor recently described is the Nerve Growth 
Factor (NGF). NGF is produced by irritated keratinocytes, 
and NGF over production leads to over active nociceptors. 
This mechanism of peripheral sensitization induces local-
ized peripheral pain. Both membranes of keratinocytes and 
nociceptors are rich in sodium channels. The broad acting 
sodium channel blocker phenytoin, applied in a suitable 
topical formulation, might decrease pain. In the past we 
reported a number of patients suffering from burning pain 
in both feet due to CINP, pain which did not subside after 
months or years following the chemotherapy. Topical treat-
ment with phenytoin 10% diminished the pain consider-
ably, and increased quality of life. We therefore postulate a 
close fit between phenytoin’s mechanism of action and the 
pathophysiology of neuropathic pain in CIPN.
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in CIPN. In the past we reported a number of patients suffer-
ing from burning pain in both feet due to CINP, pain which did 
not subside after months or years following the chemotherapy. 
Topical treatment with phenytoin 10% diminished the pain con-
siderably, and increased quality of life [5-7]. It might be that an 
ex juvantibus approach using topical phenytoin,could result in 
relevant pain reduction in a subcohort of CIPN patients, in case 
of a close fit between phenytoin’s mechanism of action and the 
pathophysiology of CIPN pain. We will briefly explore the theo-
retical background leading to this assumption.
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CIPN: toxic damage of nociceptors 

CIPN can be induced by a number of neurotoxic anticancer 
compounds, such as the taxanes and platinum salts, Vinca al-
kaloids, and compounds such as thalidomide and bortezomib. 
Clearly these drugs damage nerve fibres, among which the un-
myelinated fibers in the epidermis, the terminal nerve endings 
of either C or Aδ fibers. Although skin biopsy is seen as the gold 
standard technique for diagnosing small fiber neuropathies, 
there are contradictory results on the relationship between skin 
biopsy data and neuropathic pain [8]. Thus, a diagnose-orien-
tated approach in the treatment of pain in CINP will often fail 
due to the mismatch between the Mechanism Of Action (MOA) 
of the prescribed analgesic and the pathophysiological base of 
pain. 

The quality of neuropathic pain in CINP is often described 
by qualifiers such as shooting and/or burning, and such pain 
qualities are reported in approximately 40% of patients with 
CIPN [9]. It is known that Vinca alkaloids and platinum salts 
have toxic effects on the DRG neurons, and increase the activity 
the voltage-dependent sodium channels [10-11]. This supports 
the rationale for the application of topical phenytoin, as we will 
discuss here under. The cell bodies of sensory first-order neu-
rons which are located in the dorsal root ganglia extend into the 
dermis where they end and the nociceptors are located. Clearly 
neurotoxic effects can become manifest in the entire neuron, 
from its dendrites up to the last part of its axon in the epider-
mis. To build a case for topical treatment, we will focus on the 
epidermal structures and the part of the neuron ending in the 
epidermis, the nociceptors. This nociceptor and its adjacent tis-
sue compartments, such as the keratinocytes and the immune-
competent cells are the drivers for peripheral sensitization and 
contribute to the experience if burning pain, as experienced in 
the skin. 

NGF as a key messenger molecule in peripheral sensitiza-
tion 

One of the major inflammatory molecules playing a role in 
toxic damage of neurons is the Nerve Growth Factor (NGF). 
NGF upregulates voltage gated sodium channels expression in 
neuropathic pain states, and this is reported to be related to 
the sensitization of peripheral nociceptors [12]. Afferent neu-
rons in neuropathic pain states demonstrate increased firing 
based on altered expression of several types of voltage-gated 
sodium channels [13]. Recently, increases in the expression of 
NGF in patients suffering from CINP has been demonstrated 
[14]. It was already in the last century, that the Nobel laure-
ate Rita Levi-Montalcini discussed NGF as a pro-inflammatory 
agent, and pointed out the importance of modulating over ac-
tive inflammations and pain states triggered by NGF [15]. More 
recently a pupil of Professor Levi-Montalcini, Dr. Luigi Aloe, and 
his colleagues pointed out that NGF is produced and released 
from the keratinocytes, in case of damage induced by toxins, 
and binds to receptors on the small nerve fibres [16].

Previously we discussed the importance of cross-talk be-
tween the keratinocytes and the nociceptors in localized pe-
ripheral neuropathic pain [17]. Already as early as 2004 it was 
found that in neuropathic patients with signs of hyperalgesia 
and allodynia, local increases of NGF levels were detectable, 
and it was suggested that anti-NGF agents could provide anal-
gesia [18]. Topical phenytoin could be such an ‘anti-NGF agent’ 
and its use is supported by these findings. 

Recently we demonstrated that it can be of use to apply topi-
cal formulations containing phenytoin, a broad acting sodium 
channel blocker, in pain due to CIPN. Phenytoin application re-
sulted in a fast onset of action; within a time frame of 30 min-
utes, patients report clinical relevant reductions of pain [5-7]. 
This quick onset of action suggests indeed a local effect on the 
structures in the epidermis, such as the keratinocytes and the 
nociceptors (Figure 1). Moreover, we were not able to detect 
any levels of phenytoin in the blood of patients treated with 
10% phenytoin cream [7].

Figure 1:  Chemotherapy induces NGF production by kerati-
nocytes; NGF stimulates the nociceptors to produce pain-signals: 
based on our case-studies, we postulate that while phenytoin 
blocks the sodium channels it can thus protect the nociceptors 
against the NGF influences, and might even reduce the NGF for-
mation by the keratinocytes.

Conclusion

In the past we treated a number of patients suffering from 
pain due to CINP via the use of topical applied phenytoin 10% 
cream. In those cases, we reported in literature, clear analge-
sic effects emerged within 30 minutes after application. In the 
case of pain in CIPN, an ex juvantibus approach using topical 
administration of phenytoin cream is also supported by litera-
ture, especially since the inflammatory actions of NGF pro-
duced in the epidermal structures irritate the nociceptors. Of 
course, the pathophysiology of pain in CINP is complex, but in a 
subcohort of patients experiencing burning pain, an important 
pathophysiological mechanism is related to the over activity of 
the sodium channels on nociceptors and keratinocytes, linked 
to the over-expression of NGF. Such patients might be respond-
ers to a topical broad acting sodium channel blocker, as we have 
illustrated recently in a number of cases, reported in literature. 
[By using phenytoin and further characterize responders, the ex 
juvantibus approach might help to dissect the syndrome of pain 
in CIPN in pathophysiological uniform subgroups. 
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