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Abstract

Background We conducted a review of topical medications available for alleviation of diabetic neuropathic pain (DNP)
and compared their efficacy with oral medications for pain relief. We also explored the feasibility of compounding topical
medications.

Methods Searches on PubMed, Medline Ovid, and Embase databases were conducted and findings were presented as a
narrative review.

Results and discussion 8% Capsaicin patches and 5% Lidocaine patches had the most evidence. The literature also showed
evidence for topical clonidine, gabapentin, and amitriptyline.

Conclusion Topical formulations are a potential substitute to oral medications in patients suffering from DNP. Potential
options include 8% Capsaicin patch, 5% Lidocaine patch, Clonidine gel, Topical gabapentin, and an amitriptyline and
ketamine combination. A promising area of research that requires further study is the effect of a combination of topicals in
alleviated DNP.
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Introduction

Diabetes is a chronic, prevalent and multi-faceted chronic
condition characterized by high blood glucose. It increases
patients’ risk of cardiovascular comorbidities and may pro-
gress to serious and debilitating complications, such as dia-
) betic kidney disease, retinopathies and diabetic neuropathic
Azasma Tanvir . . . .
471292 @usask ca pain (DNP) [1, 2] that can affect patients’ quality of life and
result in significant morbidity and mortality.

The prevalence of diabetes is rapidly increasing across
North America and worldwide [3], with more than 422 mil-
lion adults living with diabetes in 2014, compared to 108
million in 1980 [4]. In Canada, more than 7.3% of the popu-
lation over the age of 12 have been diagnosed with diabe-
tes, and many more carry risk factors, given that 64% of
Family Medicine Department, University of Ottawa, School adults and 30% of children in Canada are either overweight
of Medicine, 600 Peter Morand Crescent Suite 201, Ottawa, or obese [3, 5]. It is estimated that around 50% of diabetic
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patients suffer from symptoms of neuropathy, with an
increasing prevalence correlated with increasing age among
people with diabetes [1-4]. According to a meta-analysis in
2019, the risk factors associated with DNP are older age,
longer duration of diabetes, higher HbAlc levels, and the
presence of diabetic retinopathy [6]. DNP is more prevalent
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in older individuals and has a higher burden in the elderly
as it affects mobility, quality of life and is associated with
other comorbidities [7].

Another issue prevalent in the elderly population is the
issue of polypharmacy, which is defined as the regular use of
at least five medications [8]. Many patients who experience
DNP are elderly individuals suffering from other comor-
bidities for which they are taking medications. Adding on
another oral medication to their treatment regimen not only
increases the risk of side effects, but also the risk of drug-
drug interactions. Combining this with the fact that many
elderly patients may have memory impairments and thus
may struggle to accurately take their medications, adding on
another oral pill may create a significant hindrance associ-
ated with medication compliance for these individuals.

The standard clinical practice guidelines in North Amer-
ica for managing DNP recommend managing the hypergly-
cemia, along with a variety of oral medications for symp-
tom control, including antidepressants, anticonvulsants, and
opioids, among others [9-12]. Unfortunately, while these
treatments do provide pain relief, they come with numerous
adverse effects and require a lengthy titration period to reach
optimal doses [13].

Given these multiple issues, it is important to explore
alternative treatment options for DNP, especially in the
elderly population. One possible solution is to investigate
the use of topical formulations for pain relief.

This narrative review focuses on existing literature sur-
rounding the use of topical formulations for the manage-
ment of DNP. Research shows that a variety of topical for-
mulations show promise for pain management without the
systemic side effects associated with oral medications. This
review focuses on five specific topical formulations: capsai-
cin patch, lidocaine patch, clonidine gel, topical gabapentin,
and topical ketamine and amitriptyline formulations.

Aims and objectives

Our overall goal of this research is to present one of the
many ways in which pharmacy services contribute to posi-
tive patient outcomes. This review paper aims to evaluate the
use of pharmacy compounding services in the management
of DNP. Here are the key objectives:

e To compare topical gabapentin, amitriptyline and keta-
mine gel with oral gabapentin in treating DNP

Based on their efficacy, safety, adherence, and onset
of action

e To explore the feasibility of compounding topical medi-
cations for DNP
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Methods

Keywords used in databases included “diabetes”, “diabetic
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neuropathic pain”, “topical”, “clinical trial”, “capsaicin”,
“clonidine”, “lidocaine”, “ketamine”, “amitriptyline”, and
“gabapentin”. Databases used included PubMed, Medline
Ovid, and Embase. Searches were limited to articles pub-
lished in the English language and human trials. The time
frame included articles published from 1945 to December
2023. The findings from the search are presented as a nar-
rative review. As in all narrative reviews, a selection bias
cannot be excluded. The article presented here is a lit-

erature review, and does not require any ethical approval.

Results and discussion
Existing oral treatments for DNP

Standard North American clinical practice guidelines
for treating DNP mainly recommend the management
of hyperglycemia and the use of oral medications such
as antidepressants (e.g. tricyclic antidepressants, SSRIs,
and SNRIs), anticonvulsants (gabapentinoids, topiramate)
and opioids painkillers for symptomatic relief as first- and
second-line options [2, 9—12]. One of the most common
first-line treatments are the gabapentinoids, including pre-
gabalin and gabapentin. However, gabapentinoids require
a long titration period to reach the optimal dose [13] and
are associated with numerous undesirable side effects,
including effects on the central nervous system, weight
gain and uncoordinated movements. FDA has also issued
warnings about significant breathing problems, especially
in the elderly population associated with pregabalin and
gabapentin [14].

The FDA has approved pregabalin for DNP, but gabap-
entin is often used off-label for this condition. Cohort stud-
ies have found that the median dose used for pregabalin in
DNP patients was lower than the FDA recommended dose.
Given the range of side effects, sub-therapeutic doses and
off-label use in patients who are likely presenting with
polypharmacy, gabapentinoids are potential candidates for
deprescribing [15].

Existing literature for use of topical medications
in the management of DNP

A summary of the literature findings on topical medica-
tions for the management of neuropathic pain is presented
in Table 1.
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Table 1 Summary of the evidence for the use of topical formulations in neuropathic pain

Study

Findings

Amitriptyline 4%/ketamine 2% cream vs. placebo

Topical gabapentin vs oral gabapentin

Clonidine 0.1% gel vs. placebo

Topical lidocaine 5% vs. oral pregabalin

Topical capsaicin vs. placebo

© 30% pain reduction was achieved in 60% of patients
e Superior to placebo in patients with DNP
o Early irritation and skin rash associated with treatment

o Topical effective at much lower plasma concentrations

e Much less systemic side effects

e Studied in post-herpetic neuralgia

e Better pain score improvement of DNP with clonidine gel

o No adverse effects associated with clonidine gel

e Comparable analgesic efficacy in DNP

1. Less systemic side effects with topical lidocaine

2. Less discontinuation due to side effects with topical lidocaine

o Capsaicin associated with superior pain relief, improving
quality of life, and treatment satisfaction in patients with DNP

Capsaicin patch

Topical Capsaicin is a potential alternative to centrally act-
ing oral neuropathic medications. Capsaicin is the active
ingredient found in red peppers and it contains both antioxi-
dant and antiinflammatory properties [16]. Binding to the
transient receptor potential vanilloid 1 receptor (TRPV1)
results in initial burning experienced with capsaicin, how-
ever prolonged activation of the receptor depletes associ-
ated neurotransmitters which in turn dampens the ability of
neurons to transmit pain signals [17].

Currently, there are two formulations of capsaicin avail-
able for analgesia; topical 0.025 to 0.075% capsaicin cream
and a capsaicin 8% high concentration patch. The capsaicin
dermal patch was recently approved by the United States
Food and Drug Administration for treatment of DPN [18].

Two major clinical trials were undertaken to assess the
efficacy of capsaicin for DPN. The STEP trial was a rand-
omized controlled trial which assessed the efficacy of 30 min
application of topical 8% capsaicin for treatment of DPN
[19]. According to this study, patients with DPN in their
feet had up to 12 weeks of sustained pain relief with 30 min
applications of topical 8% capsaicin. In addition to mod-
est pain relief, patients also sustained improvement in sleep
compared to the placebo group. These benefits were com-
parable to other efficacious treatments for DPN, but without
the associated side effects.

The PACE trial was a long term randomized study
assessing the efficacy of up to seven applications of topi-
cal 8% capsaicin in patients with DPN [20]. Patients in
the treatment group received 30 min applications of topi-
cal 8% capsaicin in addition to the standard of care treat-
ment, whereas the control group received just the stand-
ard of care alone. Patients in the treatment group had self
reported improvements in quality of life, pain, and activ-
ity levels. Similarly, a study which compared topical 8%

capsaicin to oral amitriptyline in patients with DPN also
supported the improvements in sleep, fatigue, depression,
and quality of life, in addition to moderate to substantial
pain relief compared to participants using low concentra-
tion capsaicin creams [21].

When comparing to other available analgesics for DPN,
a network meta analysis including 25 randomized control
trials indicated that the topical 8% capsaicin is comparable
in efficacy to oral agent such as pregabalin, duloxetine and
gabapentin for treatment of DPN [22].

In addition to capsaicin patches, capsaicin lotions may
also be prescribed for analgesia. However the evidence for
capsaicin lotions are less promising. According to Kul-
kantronr et al.,the 0.075% capsaicin lotion had an efficacy
that was similar to placebo [23]. Similarly, a less potent
0.025% capsaicin lotion, although well tolerated, did not
seem to result in appreciable analgesia in this population
[24]. The capsaicin patch in comparison not only is more
efficacious in terms of analgesia, but also results in lower
application frequency compared to less potent topical for-
mulations [25].

The most common adverse drug effects of topical cap-
saicin included localized discomfort, erythema, and burn-
ing [21]. These side effects may be a potential limitation
to treatment. However, local anesthetics may be given to
avoid the initial intense burning associated with appli-
cation [21]. Moreover, compared to oral systemically
absorbed medication, capsaicin bypasses issues pertaining
to polypharmacy, high side effect profile and time to effect
[18, 25]. That being said, it may be used either alone or in
combination to oral medications for DPN pain relief [18].

Given its clinical efficacy, low side effect profile, toler-
ability, the topical 8% capsaicin formulation was recently
deemed a first line option for DPN treatment according to
the American Association of Clinical Endocrinology and
Clinical Compendia American Diabetes Association [26].
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Topical lidocaine

Topical lidocaine relieves pain by stabilizing neuronal
membranes and blocking nerve conduction in the soft tissue
under the skin [27]. There are two common types of topical
lidocaine used for the treatment of diabetic neuropathic pain
(DNP): (1) lidocaine patch 5%, and (2) lidocaine medicated
plaster. The lidocaine patch is applied to intact skin directly
on or near the area in pain, and the recommended dosage is
a maximum of 3 patches within a 12-h period, after which
the patches would be removed for 12 h (27; 28). 5% of the
drug is absorbed by the body and the patch has a half-life of
six to eight hours [28]. Systemic absorption is minimized by
the function of the lidocaine patch, which reduces the risk of
systemic side effects and clinically significant drug interac-
tions [28]. Also, there are limited side effects involved in
using the patch, with mild skin reaction being the most com-
mon side effect [28]. Studies suggest that the patch may be
a good candidate for polypharmacy in patients who respond
partially to single treatments [29].

In terms of effectiveness, many studies suggest that the
lidocaine patch reduces pain and improves quality of life
(QoL), among other benefits. White et al. (2003) reports
significant improvements in “pain interference with general
activity, mood, walking ability, normal work, relationships
with others, sleep, and enjoyment of life” in patients expe-
riencing pain from a series of conditions including DNP,
and who had incomplete responses to their current analge-
sic treatment (p. 321) [30]. Similarly, Argoff et al. (2004)
found that the lidocaine patch reduces the intensity of pain
for DNP and is well tolerated in combination with other
analgesic treatments [29]. An open-label study by Barbano
et al. (2004) demonstrated that using up to 4 5% lidocaine
patches for up to 18 h per day was well tolerated, which is
a more flexible use of the recommended dosage mentioned
above [31].

Similarly, lidocaine medicated plaster (LMP) is associ-
ated with fewer adverse effects (i.e., system toxicity, side
effects, drug reactions) than its systemically acting coun-
terparts [32], with the most common side-effect being skin
irritation at the application site [33]. The plaster provides a
barrier that protects the skin from mechanical stimuli and
is suggested to increase compliance with long-term therapy
due to ease of use and application [33].

In addition to demonstrating the effectiveness of LMP,
many researchers seek to compare it to other analgesics. In a
series of studies, Baron et al. found that LMP improves QoL,
has fewer adverse and drug-related events, and fewer patient
discontinuations compared to pregabalin [32]. LMP provides
similar levels of pain relief for patients experiencing DNP
when compared to pregabalin [34]. Finally, combining LMP
with pregabalin provides clinically relevant pain relief and is
well-tolerated for those who did not respond to monotherapy
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[35]. Most recently, LMD was found to be safer and more
effective than oral medications in the treatment of LMP [36].

Topical clonidine

Another topical formulation which shows promise in allevi-
ating DNP is clonidine gel. Clonidine, a presynaptic alpha
2 adrenergic receptor agonist, has historically been used for
managing hypertension; However, adverse effects associated
with its systemic use have limited its application [37]. When
applied topically as a gel, clonidine may act locally to modu-
late pain pathways, which offers a more targeted approach
as compared to systemic administration. There exist studies
which demonstrate the utility of topical clonidine gel, as
outlined below.

A double blind placebo controlled multicentre trial was
conducted in 2009 which looked at the analgesic efficacy of
a topical clonidine gel in painful diabetic neuropathy over
8 weeks [38]. Researchers found that the mean pain score
was significantly less in the group that received 0.1% or 0.2%
clonidine as compared to placebo. They also noted that while
patients with detectable clonidine in their blood had more
pain reduction than patients whose serum clonidine was not
detected (p <0.05), the serum clonidine levels were still well
below the threshold than that used to treat hypertension.

The researchers followed up this study with another rand-
omized, double-blind, placebo-controlled, multi-center trial
in 2012 which spanned 12 weeks [8]. Subjects in this trial
applied either 0.1% Clonidine gel or placebo TID to their
feet for 12 weeks. The average pain score improvement after
12 weeks of clonidine 0.1% gel application was 2.6 for those
receiving the treatment and 1.4 for those receiving the pla-
cebo (p=0.01). There were no side effects observed with
this treatment [8].

A third randomized, double blind trial conducted in 2015
studied 0.1% clonidine gel and 0.75% capsaicin cream in
type 2 diabetic patients over the course of 12 weeks [39].
This trial found that although clonidine gel had a compara-
ble efficacy with capsaicin cream in the treatment of DNP
(p<0.001), dermatological complications were more com-
mon in the capsaicin group (p =0.001), with the clonidine
group having less adverse effects. These studies point to the
clinical utility of topical clonidine as a potential therapeu-
tic for DNP and more trials should be conducted to further
determine its role as a therapeutic.

Topical gabapentin

Another potential topical formulation for DNP is topical
gabapentin. Various topical gabapentin formulations have
been shown to have good skin penetration [40] and have
been studied with favorable outcomes in the management
of DNP [41]. One noteworthy finding was that all patients
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in the trial reported pain improvement within 1 h of topical
gabapentin application. This finding is in stark contrast to
oral gabapentin, which requires up to 2 weeks of titration to
the optimal dose [42]. Previous studies have shown that topi-
cal gabapentin was effective for pain relief at peak plasma
concentrations of 0.01 pg/mL in patients with DNP and post-
herpetic neuralgia. In comparison, oral gabapentin needs to
achieve plasma concentrations of 2-20 pg/mL to achieve
desired pain relief in the same population groups [41]. In a
Cochrane review meta-analysis (22 studies, n=3948) of oral
gabapentin used for various neuropathic indications [43],
11% of patients reported adverse-event medication discon-
tinuations with oral gabapentin, with 3.2% experiencing
severe adverse events. Most notably, the most common side
effects reported were dizziness (19%), somnolence (14%),
peripheral edema (7%), and gait disturbance (14%).

The use of topical gabapentin for pain management has
previously been studied in patients with post-herpetic neu-
ralgia (PHN), DNP and other neuropathic pain syndromes
in a small non-controlled study with 23 subjects, wherein
87% of subjects noted pain score improvement with topical
gabapentin after one month [41]. Interestingly, all patients
who responded to topical gabapentin treatment experienced
pain relief within 1 h of topical medication administration.
Within this study, only one patient reported loss of balance,
sleep disturbance, and generalized skin irritation, and no
other patient-reported systemic or localized adverse effects.
Meanwhile, oral gabapentin and pregabalin have been asso-
ciated with many adverse effects due to their systemic bioa-
vailability [42]. Numerous case studies have associated cho-
rea, weight gain and adverse CNS effects with the use of oral
gabapentin [13], which can be of concern given the chronic
and progressive nature of DNP affecting elderly patients who
may already be at high risk of falls given their age and other
comorbidities that often co-present with diabetes.

Topical amitriptyline & ketamine

Lastly, a combined formulation of topical amitriptyline/
ketamine cream also shows promise in alleviating DNP. In
a large, multi-center phase II clinical trial conducted in 2006
with patients with DNP, amitriptyline 4%/ketamine 2% (AK)
cream was shown to be superior to placebo. Over 30% pain
reduction was achieved in 60% of patients using AK cream
as compared to 48% in placebo (p =0.102), while over 50%
pain reduction was achieved in 31% of patients compared to
21% in placebo (p =0.056) [44].

A randomized, double blind, placebo controlled trial
comparing AK cream to oral gabapentin was conducted in
2007 [45]. The study showed oral gabapentin showed no
significantly greater reduction in pain than the AK cream,
which was measured via average pain scores after 4 weeks of
treatment [45]. The results for AK cream and oral gabapentin

were similar. This study also noted that after 4 weeks, the
AK cream resulted in more pain relief than placebo, and
this was statistically significant (p =0.044). AK cream also
resulted in significantly greater reduction in sleep interfer-
ence as compared to placebo (p =0.027).

The most common adverse effects noted with the AK
cream in the trials were application site irritation, such as
erythema, rashes, and burning; However, this was a mild
and transient effect [45]. In the trial from 2006, patients had
vital sign monitoring, physical exams, electrocardiogrames,
and laboratory monitoring for adverse effects. No serious
adverse effects were reported in the trial and the cream was
well tolerated, thus this topical formulation shows promise
as a safer alternative to oral medications.

Compounding topical formulations

Drug compounding is the process of modifying or mixing
ingredients to create a medication. It often involves the com-
bination of two or more drugs, through which medications
are customized to fit the needs of individual patients [46].
Although several studies explore the efficacy of compounded
topical formulations for neuropathic pain, only one study
has been performed examining patients with only DNP [47].
This study evaluates a combined formulation of topical ami-
triptyline/ketamine, outlined in Section "Conclusion".

Additional studies have explored the use of compounded
topical formulations for neuropathic pain. A 4-week rand-
omized placebo-controlled trial conducted in 2010 inves-
tigated the use of a compounded gel consisting of 0.76%
baclofen, 1.5% ketamine, and 3% amitriptyline in Pluronic-
Lecithin Organogel. The study included patients with chem-
otherapy-induced peripheral neuropathy, which commonly
presents with sensory symptoms such as pain, numbness,
and tingling [48]. The results showed a greater advantage
of the compounded formulation compared to placebo in
both sensory (p=0.053) and motor (p =0.021) subscales,
with the largest improvement being in neuropathic symp-
toms of shooting/burning pain, tingling, and cramping in
the hands [47]. No systemic adverse effects were noted. The
improvement of neuropathic pain symptoms in this study
points towards promising therapeutic potential in patients
with DNP, which should be further explored.

Another compounded topical formulation found to
alleviate neuropathic pain is a 3.3% doxepin hydrochlo-
ride/0.025% capsaicin cream. Doxepin hydrochloride is a
tricyclic antidepressant (TCA) with analgesic effects for
neuropathic pain in addition to its antidepressant properties
[49]. Capsaicin is a selective TRPV 1 agonist that has shown
to provide analgesic effects for neuropathic pain [50], as out-
lined in Section "Introduction". A randomized, double-blind,
placebo-controlled study compared the effect of this com-
pounded cream against each drug individually and a placebo.
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Although all treatment groups (except placebo) similarly
reduced overall pain over the 4-week trial, the 3.3% doxepin
hydrochloride/0.025% capsaicin cream had the fastest onset
of pain relief (week 1) [49]. Side effects for this compounded
cream included burning discomfort after application (61%),
drowsiness (5.5%), and headache (2.8%) [49]. The burning
discomfort was notably experienced by participants in all 3
treatment groups. The therapeutic benefit of this formula-
tion should be weighed with its clinical application through
further investigation to indicate its potential use for patients
with DNP.

Although some compounded topical formulations for
neuropathic pain have been studied, considerable research is
yet to be conducted exploring the vast potential for treatment
using these therapies. The appreciable pain relief, minimal
systemic side effects, and impact specifically on neuropathic
pain symptoms are just some of the clinical benefits of these
treatments determined thus far. Therefore, this provides
promising potential for the investigation and development
of additional compounded topical formulations for DNP.

Conclusion

A narrative review was conducted to assess the therapeu-
tic effectiveness of topical medications in the alleviation
of DNP and to compare their efficacy to oral medications.
Two major clinical trials demonstrated that an 8% capsaicin
topical formulation can lead to moderate and sustained pain
relief with side effects such as localized discomfort, ery-
thema and burning. Significantly, it was found that topical
8% capsaicin had comparable efficacy to oral medications
and a much lower side effect profile. A breadth of studies has
demonstrated that a lidocaine patch can lead to significant
reductions in pain and improvements in quality of life, with
limited side effects. A LMP has also shown to be effective
at reducing pain with significantly less adverse side effects
compared to pregabalin. Topical clonidine has also shown
promise as a potential therapy for DNP with significantly
reduced pain compared to a placebo. More studies are
needed to further determine its efficacy. As compared to
oral gabapentin, topical gabapentin has a much more favora-
ble side effect profile, faster onset of action, lower required
concentration for pain relief and fewer adverse events associ-
ated with discontinuation. A combined formulation of topi-
cal amitriptyline/ketamine cream has also been shown to be
significantly more effective than a placebo and has compa-
rable efficacy to oral gabapentin in reducing pain with mild
and transient side effects. Finally, a promising therapeutic
intervention for DNP is compounded topical formulations
with a randomized placebo-controlled trial demonstrating
pain reduction in chemotherapy-induced peripheral neuropa-
thy. 3.3% doxepin hydrochloride/0.025% capsaicin cream
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has also been found to be effective but side effects such as
burning discomfort may limit use. More research is needed
to better understand the role these formulations can play in
managing DNP.
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