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In particular, neuropathic pain is a major form of chronic pain. This type of pain results from dysfunction or lesions in the central and peripheral nervous system. Capsaicin has been traditionally utilized as a medicine to remedy pain. However, the effectiveness and safety of this practice is still elusive. Therefore, this systematic review aimed to investigate the effect of topical capsaicin as a pain-relieving agent that is frequently used in pain management. In brief, all the double-blinded, randomized placebo- or vehicle-controlled trials that were published in English addressing postherpetic neuralgia were included. Meta-analysis was performed using Revman® version 5.3. Upon application of the inclusion and exclusion criteria, only six trials fulfilled all the criteria and were included in the review for qualitative analysis. The difference in mean percentage change in numeric pain rating scale score ranges from -31 to -4.3. This demonstrated high efficacy of topical capsaicin application and implies that capsaicin could result in pain reduction. Furthermore, meta-analysis was performed on five of the included studies. All the results of studies are in favor of the treatment using capsaicin. The incidence of side effects from using topical capsaicin is consistently higher in all included studies, but the significance of safety data cannot be quantified due to a lack of p-values in the original studies. Nevertheless, topical capsaicin is a promising treatment option for specific patient groups or certain neuropathic pain conditions such as postherpetic neuralgia.
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INTRODUCTION

Pain is described as an unpleasant sensory and emotional experience associated with actual or potential tissue damage (Bode and Dong, 2011; Desai et al., 2012; Simon, 2012). There are two common types of pain, acute pain and chronic pain. Basically, acute pain is crucial in alerting an individual to withdraw from a harmful situation while chronic pain could be constitute of serious, separate disease entity (Desai et al., 2012). For more detailed information, chronic pain is highly prevalent, affecting over 1.5 billion people worldwide (National Center for Health Statistics, 2007; Medeiros and Winsler, 2014). It is noteworthy that chronic pain affects more people than other chronic conditions such as diabetes, heart disease and cancer (Simon, 2012). The annual costs of chronic pain in the United States (including the total incremental cost of health care and cost of lost productive time) are estimated to be at least USD 560 billion (Medeiros and Winsler, 2014). As suggested by studies, chronic pain has a huge detrimental effect on the quality of life of patients (National Center for Health Statistics, 2007; Medeiros and Winsler, 2014). Undeniably, chronic pain is a significant healthcare issue, as it poses an enormous burden on patients, society and the healthcare system (Medeiros and Winsler, 2014).

In particular, neuropathic pain is a major form of chronic pain. Neuropathic pain results from dysfunction or lesions in the central and peripheral nervous system (Bridges et al., 2001; Campbell and Meyer, 2006; Treede et al., 2008; Nickel et al., 2012). Neuropathic pain conditions include HIV neuropathy (neurological complication of HIV) and postherpetic neuroglia (Derry et al., 2013). Postherpetic neuralgia (PHN) is a debilitating complication of herpes zoster ophthalmicus (HZO), commonly known as shingles, especially in elderly patients (Bucci et al., 1988). Besides, it is estimated that 10–15% of patients who have shingles will experience PHN (FDA, 2009). In particular, this disease is characterized by a distinctive syndrome—a painful skin rash mainly caused by reactivation of varicella zoster virus (VZV), especially if there is immunity to VZV drops due to aging or immunosuppression (Johnson and Whitton, 2004). Unfortunately, current treatment modalities such as tricyclic antidepressants and anticonvulsants are largely unsuccessful (due to adverse effects, poor tolerability and slow onset of action) (Bucci et al., 1988; Backonja et al., 2008). Unlike nociceptive pain, neuropathic pain such as PHN cannot be relieved by conventional analgesics such as paracetamol (Bridges et al., 2001). To make the scenario even worse, the prolonged and unresolved excruciating pain resulting from PHN often leads to depression, and in extreme cases suicide (Bucci et al., 1988).

Over the last three millennia, human civilization has relied on natural products derived from plants, animals and microbial origins to alleviate and cure sickness (Tan et al., 2015a,b; Tang et al., 2016; Yuan et al., 2016). From as far back as 60,000 years ago, in the Middle Paleolithic Age, there is evidence that humans were using plants as medicines (Fabricant and Farnsworth, 2001). The use of plants in traditional medical systems such as Ayurveda, Unani, Kampo and traditional Chinese medicine have flourished for 1000s of years (Fabricant and Farnsworth, 2001; Tan et al., 2016a,b). Although medical science views such systems as lacking credibility and scientific logic, it is notable that a lot of plant-originated drugs in current clinical medicine were derived from traditional medicine and serve as platforms for modern drug development. Most importantly, those products have become resources for developing new lead compounds and scaffolds (Fabricant and Farnsworth, 2001; Chan et al., 2016; Tan et al., 2016c). Given that over one-third of the world’s population, mainly in rural areas, lacks regular access to affordable modern medicines, the majority of people from countries in Africa, Asia and Latin America largely rely on traditional medicine, which is widely available to help meet some of their primary health care needs (Zhang, 2004; Verma and Singh, 2008).

Plants are reported to have been traditionally used as analgesics or resources for compounds with pain-relieving effects (Hamilton and Baskett, 2000; Tan et al., 2015a; Chan et al., 2016). For instance, opiate receptor agonists from poppy seeds and cyclooxygenase inhibitors from willow bark are widely used to alleviate pain in ancient medicine (Brownstein, 1993; Thun, 2000). Chili is also one of the sources for analgesic medications derived from plants. The ‘chili’ or ‘chili pepper’ plant, which is categorized under the genus Capsicum, belongs to a dicotyledonous group of flowering plants. The taxonomic position of Capsicum can be represented as follows: Kingdom – Plantae; Division – Magnoliophyta; Class – Magnoliopsida; Order – Solanales; Family – Solanaceae; Genus – Capsicum; Species – chinense/annuum/pubescens/etc. (Basu and Krishna, 2003).

Since ancient times, chili has been recognized for its broad range of therapeutic properties, and has been used for centuries to remedy pain. Several external and internal applications have been reported in various streams of traditional medicine (Khan et al., 2014; Maji and Banerji, 2016). Externally, it is used to treat different types of pain including rheumatism (joint pain), lumbago (lower back pain) and neuralgia (pain spread through nerves) (Khare, 2004). It can also be used as a local stimulant, counter-irritant, and rubefacient (Iwu, 1993; Panda, 1999). Internally, chili is used to treat dyspepsia, loss of appetite, flatulence, atherosclerosis, stroke, heart disease, and muscle tension (Panda, 1999; Khare, 2004). In Unani medicine, chili is utilized to prevent colds, sinus infections and sore throats, and to improve digestion and blood circulation (Khare, 2004). In folk medicine, it is suggested to treat cancer, asthma, bronchitis and cough. In addition, its regular consumption is also believed to be beneficial for anorexia, hemorrhoids, liver congestion, and varicose veins (Duke and DuCellier, 1993).

The broad traditional usage of chili has prompted the identification of capsaicin as the main active component of a variety of chili peppers such as habaneros and jalapeños. Capsaicin is responsible for causing the ‘hot’ and sharp pungent sensation (Bode and Dong, 2011). Those properties have been suggested to act through counter-irritation, which results in analgesic effects. Modern usage of capsaicin focuses on the treatment of various types of pain (Cortright et al., 2007). In fact, capsaicin has been studied clinically as a topical treatment for the pain of rheumatoid and osteoarthritis (Persson et al., 2016), psoriasis, diabetic neuropathy, and postherpetic neuralgia (Srinivasan, 2015). However, the efficacy of capsaicin in the treatment of these chronic pain disorders is still elusive.

In order to have a better understanding of the various action of capsaicin, studies have focused on the mechanism of capsaicin in pain induction (Cortright et al., 2007). It is known as a selective TRPV1 receptors ligand. The burning sensation is triggered upon the binding of capsaicin to the receptors. It is believed that the analgesic effect of capsaicin is due to its ability to cause reversible desensitization or defunctionalization, where the TRPV1-containing sensory axons become unresponsive to stimuli during the long-lasting refractory period (Bode and Dong, 2011; Derry et al., 2013). As a result, after repeated exposure to capsaicin, pain transmission is prevented and the pain response is reduced (Derry et al., 2013). As such, it is different from other naturally occurring irritant components. This feature of capsaicin has been exploited for therapeutic use for many years. Other than that, its ability to cause reversible nerve-fiber degeneration also contributes to the analgesic effect (Bode and Dong, 2011; Derry et al., 2013).

Conventionally, topical capsaicin has been used in pain management in numerous neuropathic pain conditions. FDA (2009), the Qutenza patch, a pure, synthetic capsaicin-containing prescription drug, was approved by the Food and Drug Administration (FDA) for long-term pain relief for PHN patients. In spite of that, its safety has been much debated. This is mainly because capsaicin is associated with some severe side effects such as capsaicin-induced dermal pain and contact dermatitis (human hand) (Bode and Dong, 2011). Topical capsaicin products such as Qutenza may cause a significant rise in blood pressure, necessitating the need for blood-pressure monitoring by health care professionals (FDA, 2009). Emerging evidence has also suggested that long-term application of topical capsaicin may be harmful. As mentioned previously, capsaicin exerts its therapeutic action by the desensitization process. Therefore, prolonged use of topical capsaicin may lead to persistent desensitization. Furthermore, multiple epidemiology studies have suggested that capsaicin may have carcinogenic properties. Its effectiveness has also not been fully established (Bode and Dong, 2011). Additionally, the effectiveness of topical capsaicin varies among patients with different conditions. It also seems to have inconsistent effectiveness across neuropathic pain conditions.

At the same time, there is a lack of comprehensive reviews on the effectiveness of capsaicin on PHN. Furthermore, earlier reviews have not included recent evidence (from research conducted using more rigorous and stringent standards). There is a need to conduct a literature review that includes the recent studies. By doing so, we will be able to investigate the effectiveness and safety of topical capsaicin using recent evidence.

The PICO framework is utilized to develop the main question (Gray, 2003). By referring to the relevant review articles and papers, the research question is further refined. The research question is: ‘Is topical capsaicin efficacious and safe (compared to a placebo) to be used as a first-line treatment in the management of chronic neuropathic pain (particularly PHN) in adult and elderly patients?’ By critically appraising the included studies, we will investigate the efficacy and safety of topical capsaicin in pain management. Topical capsaicin is usually prescribed as a third-line treatment or adjunctive treatment (Argoff, 2011). Based on the findings, we will evaluate its risk-benefit ratio and explore the feasibility of using topical capsaicin as a first-line treatment in PHN (Figure 1). It could potentially be used as a first-line option if it shows adequate efficacy and safety.
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FIGURE 1. The potential of capsaicin as first-line treatment in PHN.



METHOD

A systematic literature search was performed using databases including PubMed, Medline, Embase, Science Direct and Google Scholar. Cochrane Library and Wiley Library were also used to retrieve related papers.

Data Sources

A search string was developed using the keywords in the topic, their synonyms and different registered brand names of capsaicin. The search string used was (topical capsaicin OR topical capsicin∗ OR topical capsicum OR topical analgesic∗ OR Capsagel OR Salonpas-Hot OR Zostrix OR Trixaicin OR Qutenza) AND (continu∗ OR last∗ OR prolonged OR chronic OR persist∗) AND (postherpetic neuralgia OR PHN) AND (pain OR ache). Search techniques such as Boolean operators, truncation, citation tracking, and chaining were also applied to retrieve relevant resources.

Study Selection

Eligible studies were selected based on a set of inclusion criteria. Based on the inclusion criteria, studies were included only if they were double-blinded, randomized placebo- or vehicle- controlled trials that were published in English. The type of chronic pain considered was neuropathic pain (limited to only postherpetic neuralgia) and the considered dosage forms were creams and patches (topical). Both high- and low-concentration capsaicin were considered in the review. The minimum duration of the included studies was 6 weeks while the minimum age of participants was 18 (adults and elderly). Only studies that used a placebo or vehicle as the control arm were considered.

A PRISMA diagram was used to depict the flow of information through different phases for the systematic review (Liberati et al., 2009).

Analysis Strategy

Finally, the methodological quality of the included studies was assessed using the Jadad scale. The studies were allocated a score (from zero to five) that indicated the quality of the study (based on randomization, blinding and withdrawal or dropout in the study).

The risk of bias of the studies was assessed using Cochrane Collaboration’s tool, where seven domains of bias are addressed. Each domain was assigned high, low or unclear risk. The numerical data for primary and secondary outcomes was extracted and tabulated, and the missing data was calculated where possible. For example, the confidence interval was calculated using standard error and standard deviation. The intention to treat (ITT) principle was applied in the analysis of data.

Meta-analysis was performed on five studies that had sufficient data. A forest plot was constructed to graphically summarize the results of the included studies for the primary outcome (Schriger et al., 2010). The heterogeneity of the studies was also assessed. Using RevMan, the weighted average of studies was calculated. Additionally, a risk of bias graph and summary was constructed.

Outcomes

The primary outcome is a clinically significant reduction in pain and the response to treatment. This is indicated by:

(i) Difference in mean percentage change in 11-point numeric pain rating scale (NPRS) or visual analog pain scale (VAS) from baseline to weeks 2–12 or baseline to weeks 2–6;

(ii) Reduction in NPRS score of more than 30 and/or 50% at the end of the trial;

(iii) Mean reduction in seven-point patient global impression of change (PGIC).

A secondary outcome is any side effect or adverse effect, including musculoskeletal disorder, hyperalgesia, fatigue, vomiting, transient hypertension, stinging, and erythema at application site.

RESULTS

Initially, a total of 109 records were identified using the search string (105 were found from Pubmed and Cochrane databases). There were 41 results remaining after duplicate results were removed. After screening the results using the inclusion and exclusion criteria described earlier, 34 results were excluded. The eliminated results include six reviews, two integrated studies, two short articles, one case series, one letter to an editor, four studies published only as abstract, one study that directly compared the efficacy of two agents, one preliminary study, two open label studies and a number of randomized controlled trials that were out of the research scope. Watson et al. (1993), which consists of both the double-blind phase and the long-term open-label phase, was included. However, only the results from the double-blind phase were analyzed. By further analyzing the full text of the seven remaining papers, only six fulfilled all the inclusion and exclusion criteria and were included in the review for qualitative analysis. Backonja et al. (2010), whose study lasted only 4 weeks, was excluded. All studies were included in quantitative analysis except Bernstein et al. (1989), due to the limited quantitative data.

Due to the limited number of recent studies, publications dated from 1989 to 2010 were included. However, most of the included studies are recent studies. The process of the literature search is depicted in the PRISMA flow chart attached (Figure 2).
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FIGURE 2. PRISMA flow chart.



Characteristics of Participants

A total number of six studies (1449 patients) that fulfilled the inclusion criteria and exclusion criteria were included. Only adult patients aged 18 and above were considered. Elderly patients aged over 75 were also included in some studies (e.g., Bernstein et al., 1989). The gender ratio and baseline characteristics were unbalanced in some studies. The participants experienced chronic neuropathic pain for at least 3 months. The number of patients in the treatment arm ranged from 16 to 222 (Table 1).

TABLE 1. Characteristics of studies.
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Qualitative Analysis

Based on Table 2, all the results of studies favor the treatment (capsaicin). The difference in mean percentage change in NPRS score ranges from -31 to -4.3. Topical capsaicin demonstrated high efficacies in Bernstein et al. (1989) (highest mean reduction in NPRS score of -31), and lowest efficacy in Irving et al. (2011) (mean reduction in NPRS score of -4.3). The results imply that capsaicin could result in pain reduction.

TABLE 2. Comparison of primary end points 1 and 2.
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There is discrepancy in the key findings (see Table 3). While most studies report that capsaicin is efficacious and/or safe, Webster et al. (2010b) suggest otherwise. However, it should be noted that the results of Webster et al. (2010b) are statistically insignificant as the p-value is greater than 0.05. As shown in Table 2, a risk ratio of more than one is calculated for almost all the studies except Webster et al. (2010a). The number of participants who have a reduction in NPRS score of more than 30% was not measured in either Bernstein et al. (1989) or Watson et al. (1993). Webster et al. (2010b) has a p-value of greater than 0.05, indicating that the results may be insignificant. The number of participants who have a reduction in NPRS score of more than 50% was only measured in Webster et al. (2010a,b) and Irving et al. (2011). Similarly, the results of Webster et al. (2010b) may be insignificant (p-value > 0.05).

TABLE 3. Summary of outcomes and key findings.
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In terms of PGIC (Table 4), the number of patients who reported improvements (slightly, much or very much) in pain reduction is higher in the treatment group in all the studies. This suggests that capsaicin may be effective in pain reduction (as perceived by the patients). All results are significant (p < 0.05). The p-value for Webster et al. (2010a) is unavailable, so the significance of its results could not be determined. In terms of the secondary end points (Table 4), the number and percentage of patients who experience side effects is higher in the treatment group. The trend is consistent in all studies. This suggests that the use of topical capsaicin may be unsafe due to its side effects (as suggested by earlier studies) (Bode and Dong, 2011). The p-values (and hence significance) of the safety data from all seven studies are unknown.

TABLE 4. Comparison of primary end point 3 and secondary endpoint: mean reduction in seven-point patient global impression of change (PGIC).
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Based on Figure 3, most of the risks of bias of the included studies are acceptably low. All studies have low risks of performance bias, attrition bias and detection bias. However, all studies have an unclear risk of selection bias (random sequence generation) and reporting bias. Most studies (83.33%) have unclear risks of selection bias (allocation concealment) and reporting bias. Only 16.67% of the studies have low risk of these two biases. In terms of size of study, only 33.33% of the studies have a low risk of bias. The remaining studies have unclear risk (50%) or high risk (16.67%). All studies have an unclear risk of other bias.
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FIGURE 3. Overall Risk of bias graph.



In Figure 4, Backonja et al. (2008) has the lowest risk of bias (low risk in five items and unclear risk of bias in three items). On the other hand, Bernstein et al. (1989) (low risk in three items, unclear risk in four items, high risk in one item) has the highest risk of bias. The rest of the studies have acceptably low risks of bias. Based on these analyses, most studies have moderately high validity. Overall, the methodological quality of the included studies is satisfactory, as all studies have a score of 4 out of 5. The heterogeneity is found to be 0%, indicating that it is likely to be insignificant (Higgins and Green, 2011).
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FIGURE 4. Summary of Risk of Bias for individual studies.



Quantitative Analysis

Meta-analysis was performed on five of the included studies. As seen in the forest plot, topical capsaicin displays varying degree of efficacies in each study. All the results of studies favor the treatment (capsaicin). Overall the efficacy of topical capsaicin is moderately high. Based on Figure 5, topical capsaicin demonstrated its highest efficacy in Webster et al. (2010a) (highest mean reduction in NPRS score of -10.30), and its lowest efficacy in Webster et al. (2010b) (mean reduction in NPRS score of -4.3). It is noteworthy that the results of Watson et al. (1993) and Webster et al. (2010b) are not statistically significant. All six studies have acceptably low risks of bias (as discussed previously), so the results are likely to be valid.
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FIGURE 5. Forest plot of treatment (capsaicin) vs. control.



It must be noted that further statistical analysis on the safety on capsaicin could not be performed due to a lack of relevant data. Therefore the statistical significance of the results could not be confirmed.

DISCUSSION

Management of neuropathic pain such as PHN is more challenging than other types of pain (Park and Moon, 2010). In general, patients with neuropathic pain have higher pain scores than patients with non-neuropathic pain (Park and Moon, 2010). In addition, patients with neuropathic pain are reported to have a lower quality-adjusted life-year (QALY) and a higher risk of depression (Bucci et al., 1988; Park and Moon, 2010). They also experience less pain relief with the standard treatment, so they usually need multiple drugs and adjunctive treatments for adequate pain management (Smith et al., 2007; Park and Moon, 2010).

For PHN patients, good adherence to medicine is particularly important for adequate pain management. Patients need to continuously reapply capsaicin cream throughout the day due to the low concentration of the active ingredient (0.025–0.075%) (Das et al., 2013). The four-times-daily application may threaten medication compliance (Jorge et al., 2011).

While capsaicin cream (which requires frequent application) may reduce adherence, a capsaicin patch could potentially improve a patient’s adherence, as such a patch only needs to be reapplied every 3 months (Das et al., 2013). This could be accounted for by the down-regulation of TRPV-1 receptors (Jorge et al., 2011). The use of a capsaicin patch allows the medication regimen to be simplified and hence improves medicine adherence. The use of topical capsaicin in place of tricyclic antidepressants and anticonvulsants (which are commonly used to treat PHN) also eliminates the need to titrate doses, thus minimizing the risk of side effects or withdrawal symptoms.

Besides, topical capsaicin does not have systemic effects (e.g., CNS effects). As reported in one study, CNS impairment is the least acceptable side effect of pain-relieving medicines among chronic pain patients (Jorge et al., 2011). Hence, topical capsaicin would be better received than other conventional treatment options (which have significant systemic effects). The increased patient acceptance of medicine could significantly improve adherence and eventually lead to better pain management.

As topical capsaicin is able to provide efficient pain relief with fewer central nervous system effects and a minimal drug regimen burden, it seems to be an ideal candidate as a first-line agent in the management of PHN (Bernstein et al., 1989; Jorge et al., 2011). However, in practice, topical capsaicin is not commonly used as first-line treatment in chronic pain management (NICE, 2013). In fact, it is not advisable to use topical capsaicin (capsaicin patch) for initial treatment. For the initial treatment of PHN, the recommended first- and second-line agents are gabapentin, a lidocaine patch, opioid analgesics, and tricyclic antidepressants (Dworkin et al., 2003). Like the cream formulation, capsaicin patches may cause a burning sensation (Das et al., 2013). As placement of the patch can be quite painful, a local topical anesthetic or opioid pain relievers must be used concurrently during application (FDA, 2009). A capsaicin patch may also increase blood pressure during initial application (Das et al., 2013). In fact, the FDA recommends blood-pressure monitoring for at least an hour after the application of a capsaicin patch. In general, the role of topical preparations in patient adherence remains unclear, as there is a lack of compliance studies that compare traditional routes (e.g., oral) and topical treatment in chronic pain management (Jorge et al., 2011).

Evidence from the Included Studies

Based on the difference in mean NPRS score, most studies have demonstrated that topical capsaicin has a moderately high efficacy in pain reduction. This indicates that topical capsaicin alone may adequately reduce pain. In terms of PGIC, the number of patients who reported improvements in pain reduction is higher in the treatment group in all seven studies. This also suggests that topical capsaicin is able to adequately control pain. However, the significance of these results could not be determined. Although, the results obtained for the two primary efficacy endpoints (NPRS and PGIC scores) correlate well with one another (i.e., both suggest adequate pain reduction), it is unknown whether they are equivalent in terms of accuracy and sensitivity. Moreover, the efficacy of topical capsaicin compared to other agents is unknown, as all the included studies only used a placebo in the comparator arm. However, a study suggests that topical capsaicin has significantly higher efficacy compared to oral products (Armstrong et al., 2011). The same study also found that the cost effectiveness of topical capsaicin is similar or acceptable compared to other existing therapies (Armstrong et al., 2011).

More patients in the treatment group experienced side effects than in the control group. However, the statistical significance of these results could not be confirmed because statistical analysis could not be performed on the secondary outcome, due to a lack of data. It is also unknown whether or not these side effects are well-tolerated, as this is not described in the studies. The severity of the side effects is also unclear. The safety profile of topical capsaicin remains unknown and its safety could not be established based on the limited evidence.

Potential Use of Topical Capsaicin

Based on the available evidence, it is likely that the risks of using topical capsaicin as a first-line treatment outweigh its benefits, due to safety concerns. In other words, the use of topical capsaicin could possibly have an unfavorable risk-benefit ratio. Furthermore, there is insufficient evidence on the efficacy of topical capsaicin to support its use. Nevertheless, topical capsaicin could be a first-line treatment option for patients who are intolerant to oral treatment and systemic side effects, or who have poor compliance (Das et al., 2013). Besides, it may be suitable for patients with oral neuropathic pain. Topical preparations can potentially benefit pediatric patients (whose chronic pain management is no less challenging than adults), since a significant number of the pediatric population is unable to swallow tablets (Jorge et al., 2011; Zajicek et al., 2013). Moreover, PHN is one of the main causes of morbidity among the elderly (who are more resistant to treatment). Topical capsaicin could be used for treatment of postherpetic neuralgia in the elderly due to its low systemic toxicity and minimal drug interactions. It is also more tolerable than other agents.

In essence, topical capsaicin could be a potential first-line treatment of chronic pain in specific patient groups or patients with specific conditions, for, example, elderly PHN patients. Undeniably, the use of topical capsaicin in chronic pain management is very limited and it is unlikely that topical capsaicin would be widely used as a first-line treatment due to the paucity of evidence on its efficacy and safety profile. For the time being, it could be used as an adjunct to other conventional first-line treatment options, as a combination treatment will usually have a higher efficacy and tolerability (NICE, 2013).

LIMITATIONS OF EVIDENCE

It should be noted that some of the studies, including Backonja et al. (2008) and Webster et al. (2010a,b), are funded or sponsored. This could be a potential source of bias, as inappropriate influence of funders is often regarded as a risk of bias (Higgins and Green, 2011; Lexchin, 2012). There may be potential conflicts of interest.

Blinding of outcome assessors can be especially important for assessment of subjective outcomes, such as degree of pain. All studies are adequately described as double-blind, but maintenance of blinding is not well-described in some studies (e.g., Bernstein et al., 1989). Besides, blinding may have been broken if the participants correctly guessed which group they were in. In that case, the participants may not be truly blinded. Generally, blinding is considered to be broken if more than 50% of guesses are correct. To ensure adequate blinding, low-concentration capsaicin is used in the control group instead of an inert placebo in studies such as Webster et al. (2010a,b) and Irving et al. (2011). However, this may confound the results of the studies. For example, in Webster et al. (2010b), spontaneous resolution of postherpetic neuralgia may have resulted in better reduction of pain in the control group. Additionally, a data review has shown that there may be a difference in pain score reporting (PGIC) between genders. This could be a potential source of bias. Hence, a gender-stratified analysis is required. In studies where an NPRS score was not assessed (Bernstein et al., 1989; Watson et al., 1993), a VAS score was instead used as a primary outcome.

CONCLUSION

Capsaicin, the main component in chili peppers, has immense ethnopharmacological potential, and has served as one of the main adjunctive treatments for neuropathic pain such as PHN. The current review aimed to compile and investigate the efficacy and safety of topical capsaicin in management of chronic pain caused by PHN. Based on a literature search, all the six included studies suggest that topical capsaicin is efficacious but at the same time is associated with a higher incidence of side effects. This prompted the need for a meta-analysis study. Based on the analysis, five of the included studies indicated the treatment with capsaicin has better efficacy compared to a vehicle-controlled placebo. However, the results of two studies involving 298 out of the 1415 total pooled population are not statistically significant. Unfortunately, the answer to the research question remains inconclusive. Therefore, it is still unclear whether or not topical capsaicin should be used as a first-line treatment. Further evidence is required to determine the risk-benefit ratio and support the use of capsaicin as a first-line treatment.

AUTHOR CONTRIBUTIONS

YY, LT, LM contributed to the literature database search, data collection, data extraction, data analysis, and writing of the manuscript. TK, K-GC, B-HG, and L-HL performed data analysis and rationalization of the results. The topic was conceptualized by B-HG, L-HL, and TK.

ACKNOWLEDGMENTS

This work was supported by PVC Award Grant (Project No. PVC-ECR-2016), External Industry Grant (Biotek Abadi – Vote No. GBA-808813), MOSTI eScience funds (Project No. 02-02-10-SF0215 and 06-02-10-SF0300), Fundamental Research Grant Scheme (FRGS/1/2014/SKK01/MUSM/03/2) and University of Malaya for High Impact Research Grant (UM-MOHE HIR Nature Microbiome Grant No. H-50001-A000027, No. A000001-50001, PG134-2016A and PG136-2016A).

REFERENCES

Argoff, C. E. (2011). Review of current guidelines on the care of postherpetic neuralgia. Postgrad. Med. 123, 134–142. doi: 10.3810/pgm.2011.09.2469

Armstrong, E. P., Malone, D. C., Mccarberg, B., Panarites, C. J., and Pham, S. V. (2011). Cost-effectiveness analysis of a new 8% capsaicin patch compared to existing therapies for postherpetic neuralgia. Curr. Med. Res. Opin. 27, 939–950. doi: 10.1185/03007995.2011.562885

Backonja, M., Wallace, M. S., Blonsky, E. R., Cutler, B. J., Malan, P., Rauck, R., et al. (2008). NGX-4010, a high-concentration capsaicin patch, for the treatment of postherpetic neuralgia: a randomised, double-blind study. Lancet Neurol. 7, 1106–1112. doi: 10.1016/s1474-4422(08)70228-x

Backonja, M. M., Malan, T. P., Vanhove, G. F., and Tobias, J. K. (2010). NGX-4010, a high-concentration capsaicin patch, for the treatment of postherpetic neuralgia: a randomized, double-blind, controlled study with an open-label extension. Pain Med. 11, 600–608. doi: 10.1111/j.1526-4637.2009.00793.x

Basu, S. K., and Krishna, A. D. (2003). “Capsicum: historical and botanical perspectives,” in Capsicum: The Genus Capsicum, ed. A. D. Krishna (London: Taylor & Francis), 1–15.

Bernstein, J. E., Korman, N. J., Bickers, D. R., Dahl, M. V., and Millikan, L. E. (1989). Topical capsaicin treatment of chronic postherpetic neuralgia. J. Am. Acad. Dermatol. 21, 265–270. doi: 10.1016/s0190-9622(89)70171-7

Bode, A. M., and Dong, Z. (2011). The two faces of capsaicin. Cancer Res. 71, 2809–2814. doi: 10.1158/0008-5472.can-10-3756

Bridges, D., Thompson, S. W. N., and Rice, A. S. C. (2001). Mechanisms of neuropathic pain. Br. J. Anaesth. 87, 12–26. doi: 10.1093/bja/87.1.12

Brownstein, M. J. (1993). A brief history of opiates, opioid peptides, and opioid receptors. Proc. Natl. Acad. Sci. U.S.A. 90, 5391–5393. doi: 10.1073/pnas.90.12.5391

Bucci, F. A., Gabriels, C. F., and Krohel, G. B. (1988). Successful treatment of postherpetic neuralgia with capsaicin. Am. J. Ophthalmol. 106, 758–759. doi: 10.1016/0002-9394(88)90727-1

Campbell, J. N., and Meyer, R. A. (2006). Mechanisms of neuropathic pain. Neuron 52, 77–92. doi: 10.1016/j.neuron.2006.09.021

Chan, W.-K., Tan, L. T.-H., Chan, K.-G., Lee, L.-H., and Goh, B.-H. (2016). Nerolidol: a sesquiterpene alcohol with multi-faceted pharmacological and biological activities. Molecules 21:529. doi: 10.3390/molecules21050529

Cortright, D. N., Krause, J. E., and Broom, D. C. (2007). TRP channels and pain. Biochim. Biophys. Acta 1772, 978–988. doi: 10.1016/j.bbadis.2007.03.003

Das, S., Bhaskar, A., and Baranidharan, G. (2013). A review of the high-concentration capsaicin patch and experience in its use in the management of neuropathic pain. Ther. Adv. Neurol. Disord. 6, 287–297. doi: 10.1177/1756285613496862

Derry, S., Sven-Rice, A., Cole, P., Tan, T., and Moore, R. A. (2013). Topical capsaicin (high concentration) for chronic neuropathic pain in adults. Cochrane Database Syst. Rev. 2:Cd007393. doi: 10.1002/14651858.CD007393.pub3

Desai, M. U., Divan, G., Wertz, F. J., and Patel, V. (2012). The discovery of autism: Indian parents’ experiences of caring for their child with an autism spectrum disorder. Transcult. Psychiatry 49, 613–637. doi: 10.1177/1363461512447139

Duke, J. A., and DuCellier, J. L. (1993). CRC Handbook of Alternative Cash Crops. Boca Raton, FL: CRC Press Inc.

Dworkin, R. H., Schmader, K. E., and Goldstein, E. J. C. (2003). Treatment and prevention of postherpetic neuralgia. Clin. Infect. Dis. 36, 877–882. doi: 10.1086/368196

Fabricant, D. S., and Farnsworth, N. R. (2001). The value of plants used in traditional medicine for drug discovery. Environ. Health Perspect. 109, 69–75. doi: 10.2307/3434847

 FDA (2009). FDA Approves New Drug Treatment for Long-Term Pain Relief After Shingles Attacks [Online]. Silver Spring, MD: U S Food and Drug Administration (FDA).

Gray, D. E. (2003). Gender and coping: the parents of children with high functioning autism. Soc. Sci. Med. 56, 631–642. doi: 10.1016/s0277-9536(02)00059-x

Hamilton, G. R., and Baskett, T. F. (2000). In the arms of Morpheus: the development of morphine for postoperative pain relief. Can. J. Anaesth. 47, 367–374. doi: 10.1007/bf03020955

Higgins, J. P. T., and Green, S. (2011). Cochrane Handbook for Systematic Reviews of Interventions. [Online]. The Cochrane Collaboration. Available at: http://www.cochrane-handbook.org

Irving, G. A., Backonja, M. M., Dunteman, E., Blonsky, E. R., Vanhove, G. F., Lu, S. P., et al. (2011). A multicenter, randomized, double-blind, controlled study of NGX-4010, a high-concentration capsaicin patch, for the treatment of postherpetic neuralgia. Pain Med. 12, 99–109. doi: 10.1111/j.1526-4637.2010.01004.x

Iwu, M. M. (1993). Handbook of African Medicinal Plants. Boca Raton, FL: CRC Press Inc.

Johnson, R. W., and Whitton, T. L. (2004). Management of herpes zoster (shingles) and postherpetic neuralgia. Exp. Opin. Pharmacother. 5, 551–559. doi: 10.1517/eoph.5.3.551.27356

Jorge, L. L., Feres, C. C., and Teles, V. E. (2011). Topical preparations for pain relief: efficacy and patient adherence. J. Pain Res. 4, 11–24. doi: 10.2147/jpr.s9492

Khan, F. A., Mahmood, T., Ali, M., Saeed, A., and Maalik, A. (2014). Pharmacological importance of an ethnobotanical plant: Capsicum annuum L. Nat. Prod. Res. 28, 1267–1274. doi: 10.1080/14786419.2014.895723

Khare, C. P. (2004). Indian Herbal Remedies: Rational Western Therapy, Ayurvedic and Other Traditional Usage, Botany. New York, NY: Springer.

Lexchin, J. (2012). Sponsorship bias in clinical research. Int. J. Risk Saf. Med. 24, 233–242. doi: 10.3233/jrs-2012-0574

Liberati, A., Altman, D. G., Tetzlaff, J., Mulrow, C., Gøtzsche, P. C., Ioannidis, J. P. A., et al. (2009). The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions: explanation and elaboration. PLoS Med. 6:e1000100. doi: 10.1371/journal.pmed.1000100

Maji, A. K., and Banerji, P. (2016). Phytochemistry and gastrointestinal benefits of the medicinal spice, Capsicum annuum L.(Chilli): a review. J. Complement. Integr. Med. 13, 97–122. doi: 10.1515/jcim-2015-0037

Medeiros, K., and Winsler, A. (2014). Parent-child gesture use during problem solving in autistic spectrum disorder. J. Autism Dev. Disord. 44, 1946–1958. doi: 10.1007/s10803-014-2069-y

 National Center for Health Statistics (2007). “Health, United States,” in Health, United States, 2007: With Chartbook on Trends in the Health of Americans. Hyattsville, MD: National Center for Health Statistics (US).

 NICE (2013). Neuropathic Pain –Pharmacological Management: The Pharmacological Management of Neuropathic Pain in Adults in Non-Specialist Settings [Online]. London: National Institute for Health and Care Excellence (NICE).

Nickel, F. T., Seifert, F., Lanz, S., and Maihöfner, C. (2012). Mechanisms of neuropathic pain. Eur. Neuropsychopharmacol. 22, 81–91. doi: 10.1016/j.euroneuro.2011.05.005

Panda, H. (1999). Herbs Cultivatoin and Medicinal Uses. New Delhi: National Institute of Industrial Research.

Park, H. J., and Moon, D. E. (2010). Pharmacologic management of chronic pain. Korean J. Pain 23, 99–108. doi: 10.3344/kjp.2010.23.2.99

Persson, M. S., Fu, Y., Bhattacharya, A., Goh, S.-L., Van Middelkoop, M., Bierma-Zeinstra, S. M., et al. (2016). Relative efficacy of topical non-steroidal anti-inflammatory drugs and topical capsaicin in osteoarthritis: protocol for an individual patient data meta-analysis. Syst. Rev. 5:165. doi: 10.1186/s13643-016-0348-8

Schriger, D. L., Altman, D. G., Vetter, J. A., Heafner, T., and Moher, D. (2010). Forest plots in reports of systematic reviews: a cross-sectional study reviewing current practice. Int. J. Epidemiol. 39, 421–429. doi: 10.1093/ije/dyp370

Simon, L. S. (2012). Relieving pain in america: a blueprint for transforming prevention, care, education, and research. J. Pain Palliat. Care Pharmacother. 26, 197–198. doi: 10.3109/15360288.2012.678473

Smith, B. H., Torrance, N., Bennett, M. I., and Lee, A. J. (2007). Health and quality of life associated with chronic pain of predominantly neuropathic origin in the community. Clin. J. Pain 23, 143–149. doi: 10.1097/01.ajp.0000210956.31997.89

Srinivasan, K. (2015). Biological activities of red pepper (Capsicum annuum) and its pungent principle capsaicin: a review. Crit. Rev. Food Sci. Nutr. 56, 1488–1500. doi: 10.1080/10408398.2013.772090

Tan, H.-L., Chan, K.-G., Pusparajah, P., Duangjai, A., Saokaew, S., Khan, T. M., et al. (2016a). Rhizoma coptidis: a potential cardiovascular protective agent. Front. Pharmacol. 7:362. doi: 10.3389/fphar.2016.00362

Tan, H.-L., Chan, K.-G., Pusparajah, P., Lee, L.-H., and Goh, B.-H. (2016b). Gynura procumbens: an overview of the biological activities. Front. Pharmacol. 7:52. doi: 10.3389/fphar.2016.00052

Tan, H.-L., Chan, K.-G., Pusparajah, P., Saokaew, S., Duangjai, A., Lee, L.-H., et al. (2016c). Anti-cancer properties of the naturally occurring aphrodisiacs: icariin and its derivatives. Front. Pharmacol. 7:191. doi: 10.3389/fphar.2016.00191

Tan, L. T. H., Lee, L. H., Yin, W. F., Chan, C. K., Abdul Kadir, H., Chan, K. G., et al. (2015a). Traditional uses, phytochemistry, and bioactivities of Cananga odorata (Ylang-Ylang). J. Evid. Based Complement. Alternat. Med. 2015:896314. doi: 10.1155/2015/896314

Tan, L. T. H., Ser, H. L., Yin, W. F., Chan, K. G., Lee, L. H., and Goh, B. H. (2015b). investigation of antioxidative and anticancer potentials of Streptomyces sp. MUM256 isolated from malaysia mangrove soil. Front. Microbiol. 6:1316. doi: 10.3389/fmicb.2015.01316

Tang, C., Hoo, P. C.-X., Tan, L. T.-H., Pusparajah, P., Khan, T. M., Lee, L.-H., et al. (2016). Golden needle mushroom: a culinary medicine with evidenced-based biological activities and health promoting properties. Front. Pharmacol. 7:474. doi: 10.3389/fphar.2016.00474

Thun, M. J. (2000). Beyond willow bark: aspirin in the prevention of chronic disease. Epidemiology 11, 371–374. doi: 10.1097/00001648-200007000-00001

Treede, R. D., Jensen, T. S., Campbell, J. N., Cruccu, G., Dostrovsky, J. O., Griffin, J. W., et al. (2008). Neuropathic pain: redefinition and a grading system for clinical and research purposes. Neurology 70, 1630–1635. doi: 10.1212/01.wnl.0000282763.29778.59

Verma, S., and Singh, S. (2008). Current and future status of herbal medicines. Vet. World 1, 347–350. doi: 10.5455/vetworld.2008.347-350

Watson, C. P., Tyler, K. L., Bickers, D. R., Millikan, L. E., Smith, S., and Coleman, E. (1993). A randomized vehicle-controlled trial of topical capsaicin in the treatment of postherpetic neuralgia. Clin. Ther. 15, 510–526. doi: 10.1097/00132586-199404000-00039

Webster, L. R., Malan, T. P., Tuchman, M. M., Mollen, M. D., Tobias, J. K., and Vanhove, G. F. (2010a). A multicenter, randomized, double-blind, controlled dose finding study of NGX-4010, a high-concentration capsaicin patch, for the treatment of postherpetic neuralgia. J. Pain 11, 972–982. doi: 10.1016/j.jpain.2010.01.270

Webster, L. R., Tark, M., Rauck, R., Tobias, J. K., and Vanhove, G. F. (2010b). Effect of duration of postherpetic neuralgia on efficacy analyses in a multicenter, randomized, controlled study of NGX-4010, an 8% capsaicin patch evaluated for the treatment of postherpetic neuralgia. BMC Neurol. 10:92. doi: 10.1186/1471-2377-10-92

Yuan, H., Ma, Q., Ye, L., and Piao, G. (2016). The traditional medicine and modern medicine from natural products. Molecules 21:559. doi: 10.3390/molecules21050559

Zajicek, A., Fossler, M. J., Barrett, J. S., Worthington, J. H., Ternik, R., Charkoftaki, G., et al. (2013). A report from the pediatric formulations task force: perspectives on the state of child-friendly oral dosage forms. AAPS J. 15, 1072–1081. doi: 10.1208/s12248-013-9511-5

Zhang, X. (2004). “Traditional medicine: its importance and protection,” in Protecting and Promoting Traditional Knowledge: Systems, National Experiences and International Dimensions, eds S. Twarog and P. Kapoor (Geneva: United Nations), 3–6.

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2017 Yong, Tan, Ming, Chan, Lee, Goh and Khan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fphar-07-00538-g005.jpg
Treatment Control Mean Difference Mean Difference
Studyor Subgroup  Mean ~ SD Total Mean  SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Backonja etal 299 209971 206 -204 2996 196 338% -9.50(15.36,-3.64) ——
Webster etal (A 25 305443 222 147 308001 77 18.3% 10300182723y 2 ——
Websteretal(®)  -366 378731 102 -323 379294 53 73% -4.30(16.88 8.28]
Iving et al 323 300133 12 <25 309938 204 327% -7.30(13.26,-1.34) ——
Watson et al 15 600803 74 52 167320 69 80% -980[21.87 227
Total (9% CI) 816 599 100.0% -8.57(-11.98,-5.16] @
Heterogeneity. Chi*= 0,93, df= 4 (P=092) F= 0% 0 U i i

Testfor overall effect 2= 4.93 (P <0.00001)

Favours treatment Favours control





OPS/images/fphar-07-00538-g004.jpg
SelqIsylo

Apnis Jo 8215

{(selq Auinodal) Buipodal aaaa|as

{selg uonuye) ejep awloaho ae|dwoay|

(selg uonIalap) JUaLISSasSE awodno Jo Aulpulg

{seiq sauewlouad) |auuosiad pue suediaiped Jo Buipung
(Se1g UDNI3(as) JUBLLB3IUDD UDNRID||Y

(selq uonalas) uonelaush asuanbas wopuey

Backonja et al ‘ . ‘ . . ‘ . ‘
Bernstein et al ’ . . . . . . .

Irving et al ‘ ’ . . . ‘ . '
watsonetal | @ | @D | @ | O | @ (@ | @ | @
Webster et al (&) . ’ . . . ‘ . .
Wehster et al (B) . . . . . . . .






OPS/images/cross.jpg
3,

i





OPS/images/fphar-07-00538-g001.jpg
viruses

Capsicum

M&):>/\ Capsaicin

blisters

dermal nerve

Postherpetic
neuralgia





OPS/images/fphar-07-00538-t004.jpg
Studies Number and percentage of patients who have improved

Number and percentage of participants
(slightly, much and very much) at the end of the study

who experienced any adverse events

Treatment Control

Treatment Control
Backonja et al., 2008 114 (55%) 85 (43%), 203 (99%) 174 (88%)
Webster et al., 2010a 122 (55%) 32 (41%) 131 (59%) 43 (56%)
Webster et al., 2010b 41 (43%) 15 (30%) 76 (75%) 28 (53%)
Irving et al., 2011 123 (61%) 91 (47%) 208 (98%) 177 (87%)
Watson et al., 1 91 (64%) 17 (25%) 45 (61%) 23 (33%)
Bernstein et al., 1989 4(46%) 1(6%) NA NA





OPS/images/fphar-07-00538-t003.jpg





OPS/images/fphar-07-00538-g003.jpg
Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of paticipants and personnel (performance hias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition hias)

Selective reporting (reporting bias)

Size of study

Other hias |

% 25% 50% 75%  100%

o

.Low risk of bias DUnclear risk of bias .High risk of bias






OPS/images/fphar-07-00538-t002.jpg
Studies Difference in mean percentage change in NPRS score or visual Number participants

analog pain scale Who have a reduction in NPRS score of

more than 30% at the end of ri
visk ratio
Treatment Control Difference Treatment  Control Risk ratio

Backonaetal, 2008 -299(-340010-2579) ~204(-246110-16.19) -95(-15.4710-361) 91(44%) €@  151(1.0010227)
Webstor o1 al, 20102 ~25.0(-20.0210 ~20.98) ~147£351 -108 83ET%  2220%)
Webster o1 al, 20106 ~36.6(~44.0210-20.19)  ~32.3 (~42.63t0 ~22.05) —43 5009%) 26 (49%) 100
Iving et al, 2011 ~323(-364910-2812)  ~25.0(~29.2910 ~20.76) 73 100(47%) 72 (35%) 164
Watson et a., 193 150 52 08 NA NA NA
Bernstein et al, 1989 -30 1 a1 A 7 NA

9% (95% confidence interval, p-vale; %, p-value.

Number participa
who have reduction in NPRS score of more
than 50% at the end of trial, and the risk
ratio

Treatment  Control Risk ratio
NA NA NA
55(25%  8(10%) 284
069% 19 (36%) 596
64(30%  4321%) 162
NA NA NA
NA NA NA

There were two different sets of data in Watson et al. (1995)—patients who have PHI for longer than 12 months, and patients who have PHN for fonger than 6 months. The data shown was obteined from patients

who have PHN for longer than 12 months,





OPS/images/fphar-07-00538-g002.jpg
Records identified through Additional records identified
database searching through other sources

(n=105)

(n=4)

Records after duplicates removed
(n=41)

A\ 4

Records screened

Records excluded

(n=41)

A 4

Full-text articles assessed

A 4

(n=34)

Full-text articles excluded,

for eligibility (n =7)

A 4

> with reasons (n =1)

Studies included in qualitative
synthesis (n = 6)

\ 4

Studies included in
guantitative synthesis (meta-
analysis) (n=5)






OPS/images/fphar-07-00538-t001.jpg
Studies

Backonja et al.,

Webster etal.,
2010a
Webster et al.,
20100

Inving et al
2011

Watson et al.,
1993
Bernstein etal.,
1989

RCT, randomized controlled trials; PHN, postherpetic neuralgia; T, treatment; C, control.

Type of studies

Double-blind RCT

Double-blind RCT

Double-blind RCT

Double-blind RCT

Double-blind RCT

Double-blind RCT

Mean
age

Type of
neuropathy
conditions

190/212

150/149

72/83

190/226

53/90

12/20

404 (T = 206, C = 196)
299 (T =222,C=77)
155 (T = 102, C = 53)
416 (T = 212,C = 204)
143 (T = 74,C = 69)

32(T=16,C=16)

concentration in
treatment arm

8% (high)

8% (high)

8% (high)

8% (high)

0.075% (low)

0.075% (low)

duration

12 weeks

12 weeks

12 weeks

12 weeks

6 weeks

6 weeks

Jadad
score





OPS/images/cover.jpg


OPS/images/logo.jpg
, frontiers
in Pharmacology





