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Abstract

Phenytoin is a broad acting sodium channel blocker, with analgesic properties in animal models and in controlled human clinical trials. The pathogenesis of Painful
Diabetic Neuropathy is partly located in the skin, based on the peripheral sensitization of nociceptors and small nerve fibers. We developed a topical formulation
of 10% phenytoin cream to treat those patients. Here we describe a classical patient suffering from peripheral symmetrical Painful Diabetic Neuropathy, treated
successfully with this cream. We evaluated whether this patient was a responder by applying a placebo-controlled single-blind response test. Pain was reduced from

NRS-score 7 to 5 by placebo and from 7 to 0 by phenytoin cream. Based on this positive response test, phenytoin 10% cream was prescribed.

Introduction

Pain treatment in patients suffering from peripheral neuropathic
pain is still not optimal. Over half of all patients treated with gabapentin
will not have clinical relevant pain relief and may experience adverse
events [1]. The evidence of benefit from tramadol is of low quality, and
tramadol seems not to provide a likely effect [2]. The same holds true
for morphine, oxycodone and nortriptyline [3-5]. Topical high dose of
capsaicin helps only in a small number of patients, the Number Needed
to Treat is around 8 [6]. Clearly there still is a great unmet need in this
indication, and there are not many promising new chemical entities
(NCE’s) in the pipeline. Some drugs which led to high expectations
during early development, recently failed in phase II and III
development. Moreover, there are a great number of stumbling blocks
in the development of NCE’s in neuropathic pain [7-9]. Repurposing
old drugs in the field of neuropathic pain therefore is an intriguing
option which needs to be evaluated, and phenytoin is an old drug with
a clear repurposing profile [10].

Case presentation and response to test paradigm

We present a 71-year old female patient, suffering from Painful
Diabetic Neuropathy since 2000. Medical History: 2005 a bipolar
depressive disorder, 2013 atrial fibrillation, 2014 erythema nodosum,
vulvodynia, ischialgia, and in 2015 a transient ischemic attack.
Medication: tranylcypromine 20 mg daily, lithium 500 mg daily,
metformin 850 mg 2dd1, glimepiride 2 mg 2dd1, sotalol 40 mg 3dd1,
apixaban 5 mg 2ddl, simvastatin 20 mg 2ddl, psyllium powder,
oxazepam 10 mg on a as needed base. Previous pain medication
pregabalin did not result in sufficient satisfactory effects.

The pain was located symmetrical at both feet up to 10 cm above
ankles, and the pain characteristics were: pins and needles, tingling,
and numbness.

On physical examination, we found classical hypo-esthesia for pin
prick and touch, but no signs of allodynia. Baseline pain score on the
11-points Numeric Rating Score NRS before application of cream was
7. The DN-5 score was 5, supporting the diagnosis of neuropathic pain.
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Phenytoin cream reduced the pain score from 7 to 0, while placebo
cream reduced the pain with 2 points only.

A single blind placebo-controlled test paradigm

This patient qualified for a single-blind response test. We
developed this new test paradigm to quickly evaluate whether patients
are responders to phenytoin cream, or placebo responders (Figure 1).
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Figure 1. Single Blind Responder Test: phenytoin 10% cream was applied on the right foot,
and placebo cream on the left foot. Patient was not aware of the difference, but the treating
physician was (single blind). The pain reduction after placebo cream application on the left
foot was 2 points on the NRS, from a pain score of 7 to 5, and for the phenytoin 10% cream
applied on the right foot, the pain was reduced from a NRS score of 7 to 0.
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The response test can only be used in case of a symmetrical distribution
of pain in left and right foot, or in cases of a big surface of pain, for
instance as in Postherpetic Neuralgia or meralgia paresthetica. We
prefer the test in cases where it is obvious that the pathogenesis is at
least partly residing in the skin compartment, such as in PDN and
Small Fiber Neuropathy.

The Single Blind Responder Test is easy to conduct. When we
started treating with topical phenytoin cream, patients informed us
that the pain quickly was reduced after application, mostly within 15
minutes. This provoked us to develop this test. We could apply the test
within the context of the first visit of a new patient to our clinic. During
the first visit patients have many questions, and the visit takes quite
some time. We explain the test relatively early during the visit in order
to able to apply the test during the visit. By following this approach,
we mostly know at the end of the first consultation whether the
patient is a responder to the phenytoin cream, or a placebo responder.
Alternatively, patients can be tested after the consultation and return
to the waiting room for 15-30 minutes. Thereafter we see the patients
again and we evaluate the effects.

In this case pain in both feet was comparable. If there is more than
1-point difference in pain score between left and right, we feel the test is
not optimal enough. We applied the phenytoin 10% cream on the right
foot, and placebo cream on the left foot. Patient was not aware that a
placebo cream was applied, but the physician was (single-blind). We
used the following explanation: “We will treat your pain with 2 creams,
and you are going to decide which cream works best. From one cream,
we do not exactly know how that cream reduces pain, for the other cream
we have a good idea about the mechanism.” In this way, we have made
transparent that both creams might work, which is the reality, both for
the active as for the placebo cream.

In the presented case, the pain reduction after placebo cream
application on the left foot was 2 points on the NRS, from a pain score
of 7 to 5, and for the phenytoin 10% cream applied on the right foot, the
pain was reduced from a NRS score of 7 to 0.

Discussion and preview

This case is an example of many patients we treated to date with
phenytoin cream (more than 100). Meanwhile we have reported a
number of these cases [11-15]. In 16 patients, we analyzed the plasma,
and levels of phenytoin were below the limit of detection. This, together
with the quick onset of action supports an intra-epidermal mechanism
of action. Phenytoin is one of the oldest active pharmaceutical
ingredient acting as a broad acting sodium channel blocker and is
regarded as a one of the first discovered anticonvulsants. Phenytoin is
still used as a golden standard drug during the quest for new and better
anticonvulsants [16]. Phenytoin is also presented as a golden standard
for neuropathic pain treatment and for lead optimization in animal
models for pain. [17] It is hypothised that the mechanism of action is
based on its capacity to inhibit sodium channels in nociceptors, as well
as in other cell compartments in the epidermis, which cross-talk to the
nociceptors (Figure 2) [18].

Initially we prescribed phenytoin cream without using a test
paradigm. However, soon we felt the need to identify responders in
order to individualize and optimize treatment. We started using an
open response test, where we applied phenytoin cream only on one
foot, and asked the patient to compare the pain after 10-30 minutes
between the treated and the untreated foot. Clearly by following such
approach there is room for placebo-response. Indeed, sometimes
patients complained during a follow-up visit that the pain-reducing
effect did not last long enough and after some days they felt no effect
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Figure 2. The mechanism of action of phenytoin: inhibiting sodium channels in the
nociceptors and in other epidermal cellular compartments

anymore. This was a reason why we started testing active and placebo
cream simultaneously, in case of a symmetrical painful neuropathy.

Meanwhile we consider the further development of the test from
a single-blind design to a double-blind design, in order to rule out our
own influence as prescribing physicians during the test. We feel this
is not a step which deviates from our normal practice of testing, but it
would optimize the responder identification even more. The double-
blind response test can be explicitly further developed in order to be able
to even more optimally select responders and exclude non-responders
and placebo-responders compared to the single-blind responder test.
Thus, it will contribute to the individualization of therapy.

Phenytoin cream is a repositioned new topical formulation of
an old drug. To date we did not detect troublesome side-effects, and
in many patients suffering from peripheral neuropathic pain, as we
reported in previous articles, pain reduction is considerable, and the
onset of action is quick.
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