Pain Physician 2020; 23:541-551 ¢ ISSN 1533-3159

Systematic Review

The Treatment of Topical Drugs for Postherpetic
Neuralgia: A Network Meta-Analysis

Xi Liu, MD", Liling Wei, BS?, Qiong Zeng, MD?, Kun Lin, PhD3, and Jia Zhang, MD'

From: *Shantou University
Medical College, Shantou,
Guangdong, China;
2Department of Neurology,
The First Affiliated Hospital of
Shantou University Medical
College, Shantou, China;
3Department of Endocrinology,
The First Affiliated Hospital of
Shantou University Medical
College, Shantou, China

Address Correspondence:
Qiong Zeng, MD

Department of Neurology

The First Affiliated Hospital of
Shantou University Medical
College

Shantou, China

E-mail: jennyzengch@126.com

Disclaimer: Liling Wei and Xi
Liu contributed equally. There
was no external funding in the
preparation of this manuscript.

Conflict of interest: Each author
certifies that he or she, or a
member of his or her immediate
family, has no commercial
association (i.e., consultancies,
stock ownership, equity interest,
patent/licensing arrangements,
etc.) that might pose a conflict of
interest in connection with the
submitted manuscript.

Manuscript received:
03-08-2020

Accepted for publication:
04-08-2020

Free full manuscript:
www.painphysicianjournal.com

Background: Postherpetic neuralgia (PHN) is a neuropathic pain that causes a reduction in
patients’ quality of life. There are many topical drugs for PHN, including topical lidocaine patch,
topical application of capsaicin, and others.

Objectives: This study aims to compare the efficacy and safety of topical drugs for PHN.

Study Design: Relevant studies were found by systemically searching for terms including
“topical” and “Postherpetic neuralgia” in PubMed, Cochrane library, MEDLINE, and EMBASE
databases (inception through June 12, 2019). The primary outcome was the percentage of change
in the Numeric Rating Scale or the Visual Analog Scale scores from baseline. The secondary
outcome was the number of adverse events.

Methods: The efficacy and safety of topical drugs for PHN was investigated by the pairwise meta-
analysis and Bayesian network meta-analysis, applying Revman 5.3, the Stata 14.0 software, and
GeMTC 0.14.3.

Results: Twelve studies met the inclusion criteria, and eligible studies were selected for the
ultimate meta-analysis. Our meta-analysis displayed 6 topical drugs for PHN. Lidocaine, high-
concentration capsaicin, and aspirin/diethyl ether (ADE) had a higher possibility of bringing pain
relief than placebo. Among them, lidocaine had the highest possibility of being the most effective
drug for PHN and had the statistical significances compared with diclofenac, high-concentration
capsaicin, indomethacin, low-concentration capsaicin, and placebo, and lidocaine was significantly
preferable than other effective drugs in the aspect of safety.

Limitations: (1) The small number of included studies; (2) a small number of patients and short-
term trials in progress, including lidocaine and ADE; (3) both randomized controlled trial and
crossover randomized trial were included in our network meta-analysis; (4) only studies published
in English were evaluated; (5) lack of head-to-head comparisons of some treatments; (6) different
measurement methods were used in different trial, which may cause deviation; and (7) with the
lack of cycles in the included trials, the inconsistency factors cannot be calculated, and node-
splitting method cannot be performed in our network meta-analysis to check the inconsistency.

Conclusions: Compared with other topical drugs, lidocaine was the most effective and most
tolerable drug to be recommended for PHN.
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ostherpetic neuralgia (PHN), a neuropathic
pain syndrome, is the persistent complication
that follows an outbreak of acute herpes zoster
and it typically begins after 1 to 6 months of lesion

crusting. PHN occurs in approximately 10% to 20% of
patients who are aged 50 years or older after the 3
months of zoster onset (1). Additionally, the number
of patients with PHN greatly increases with age. The

www.painphysicianjournal.com



Pain Physician: November/December 2020 23:541-551

incidence rate of PHN is up to 75% in patients who
are aged 70 years or older after the acute episode
of herpes zoster (2). The quality of life of patients is
affected by this persistent symptom, which may even
persist for years (3). The underlying mechanisms have
been explored in these 2 aspects: (1) the persistent
vesicular stomatitis virus exists after the acute
episode of herpes zoster, and its level is higher than
incubation, and as a result, it makes sustaining pain
(4); and (2) the infection of acute zoster may cause
neural damage, which changes pain perception and
enhances neuronal excitability (5).

The first- and second-line drugs for PHN include
pregabalin, gabapentin, tricyclic antidepressants, sero-
tonin-norepinephrine reuptake inhibitors, and others
(6), however, systemic therapy for PHN is often limited
by the problems of poor tolerance and safety (7). The
limitations of these medicines have promoted the de-
velopment of topical drugs, including topical lidocaine
patch, topical application of capsaicin, and others
(8,9). According to previous studies, lidocaine is usually
recommended as the first-line drug, whereas capsaicin
may be the second-line drug in case of adverse reac-
tions for PHN (10,11).

However, these recommendations were tested
by the direct comparison studies or traditional meta-
analysis. To the best of our knowledge, the traditional
meta-analysis evaluates the single intervention, which
confuses clinicians in the choice of rational treatment.
The network meta-analysis was designed to compre-
hensively evaluate the efficacy and safety of topical
drugs for PHN.

METHODS

Protocol and Registration

The detailed protocol was registered in PROSPERO
(https://www.crd.york.ac.uk/PROSPERO);  registration
number CRD42019145004. Our meta-analysis agreed
with the PRISMA statement, and the network meta-
analysis extension statement of PRISMA.

Literature Search

Relevant studies were found by systemically search-
ing for terms including “topical” and “postherpetic
neuralgia” in PubMed, Cochrane library, MEDLINE, and
EMBASE databases (inception through June 12, 2019).
Studies were limited to the randomized controlled tri-
als (RCTs) and English language. The search strategies
and details are displayed in Supplementary File 1.

Inclusion and Exclusion Criteria

The inclusive criteria used for selection of studies
were as follows: (1) the patients were diagnosed with
PHN; (2) interventions were topical drugs, including
topical lidocaine patch, topical application of capsaicin,
and others; (3) the primary outcome was the percentage
of change in pain relief from the baseline, applying the
Visual Analog Scale or the Numeric Rating Scale, and the
subordinate outcome was adverse events (AEs) count;
and (4) studies were limited to double-blind, RCTs, in-
cluding crossover trials. Studies that met the following
criteria were excluded: (1) cohort study, case—control
study, case reports, case series, and narrative reviews; (2)
animal experiments; (3) publications in non-English lan-
guages; (4) publications that did not provide sufficient
data; (5) the comparation was not among the topical
drugs; and (6) patients with nerve injury and other pe-
ripheral neuropathic pain. In cases of multiple publica-
tions from the overlapping cohorts, only the most recent
comprehensive results with the largest sample size were
included in this study for data analyses.

Selection of Studies

In the primary screening process, 2 reviewers (XL
and JZ) independently examined the titles and abstracts
of the potential studies. The full text of each study
was individually retrieved and checked in the second-
ary screening. Subsequently, all relevant studies were
obtained for independent assessment by the other 2
reviewers (QZ and KL) according to the inclusive and
exclusive criteria. If there was any contradiction, the
disagreement was resolved by the third author (LW).

Assessment of Study Quality and Data
Extraction

The Cochrane risk of bias tool was adopted for
assessing the risk of bias of the studies included (12).
The scale consists of several domains, including random
sequence generation, allocation concealment, blinding
of patients and personnel, blinding of outcome assess-
ment, incomplete outcome data reporting, selective
reporting, and other biases. Each domain was rated as
“high risk,” "unclear risk,” or “low risk.” Two authors
(XL and JZ) independently assessed the quality of the
studies and extracted the data from each study, includ-
ing the information of first author’s name, publication
year, country of origin, population size, follow-up
period, specific treatment, and pain scale. If there was
any contradiction, the disagreement was resolved by
the third author (LW).
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Statistical Analysis

Meta-analysis was applied by Revman 5.3 (Cochrane
Collaboration, Oxford, UK), the Stata 14.0 (StataCorp LP,
College Station, TX, USA), and GeMTC 0.14.3 software
(MRC Biostatistics Unit, Cambridge, UK). The network
meta-analysis was implemented based on the Bayesian
framework. Standardized mean difference (SMD), odds
ratio (OR), and 95% confidence interval (Cl) were calcu-
lated to investigate the efficacy and safety of competing
interventions for PHN. Each intervention was performed
by the traditional pairwise meta-analysis of random ef-
fects (13), and the secondary outcome, counts of AEs, was
evaluated by the OR for competing interventions with
random effects Poisson model. The inclusive drugs were
ranked by the Bayesian models, using 4 chains, and run-
ning 100,000 iterations with the burn-in phase of 40,000
iterations. The surface under the cumulative ranking
curve (SUCRA) was performed to evaluate the efficacy
of the comparable drugs for PHN. Node-splitting was ap-
plied to check the existence of inconsistency (14). Funnel

plots were performed to detect potential publication bias
of the inclusive studies (15).

REsuLts

Selection of Studies and Characteristics of
Included Studies

After removal of duplications, 375 original studies
were obtained from the initial online search. Twenty-
eight studies were eligible, according to primary screen-
ing of titles and abstracts. After reviewing full text, 16
studies were excluded for the following reasons: (1) du-
plicate data publication (16-18); (2) no valid data (8,9,19-
23); (3) publications in non-English languages (24-26); (4)
observational trial (27); and (5) published as conference
abstracts (17,28). Twelve studies were finally included in
this network meta-analysis based on the inclusion and
exclusion criteria (29-40). The flowchart of selection
process is shown in Fig. 1. Characteristics of the selected
studies are summarized in Table 1.

Individual hits Individual hits
in PubMed in Cochrane
(n=54) Library (n=50)

Individual hits
in Medline
Library (n=244)

Individual hits
in Embase
(n=151)

l

A\ A 4

Records after duplicates removed (n=375)

A 4

Records screened (n=375)

Records excluded based on title and
abstract (n=347)

A 4

|

Full-text articles assessed
for eligibility (n=28)

Full-text articles excluded (n=16):
» -Duplicate data publication (n=3)

-Conferences abstract(n=2)

}

-Observational trial (n=1)
-Case series (n=0)

(n=12)

Studies included in
qualitative synthesis

-Publications in non-English (n=3)
-Animal trial (n=0)
-Lack of available data (n=7)

)

Studies included in
quantitative synthesis

(meta-analysis) (n=12)

Fig. 1. Flow diagram presenting the process of the study section.
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According to the Cochrane risk of bias tool, none of the included stud-
ies were considered as high risk of bias. However, a large proportion of
studies had an unclear risk of selection bias, including random sequence
generation (67%) and allocation concealment (75%). Approximately 58%

of the studies were considered as low risk of reporting bias. All studies

have low risk of performance bias and detection bias. In aspect of the
other bias, all studies have unclear risks. The final quality of studies is pre-

sented in Table 2, indicating low risk of bias in inclusive studies, and they

provided strong evidence for the outcome of the meta-analysis.

Table 2. The summary by the Cochrane risk of bias tool.
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Efficacy Comparison

All data from the 12 studies were analyzed, con-
sisting of 1,563 patients with PHN and 7 interventions
including placebo, low-concentration capsaicin, high-
concentration capsaicin, lidocaine, aspirin/diethyl ether
(ADE), indomethacin, and diclofenac. Statistical signifi-
cance of traditional pairwise comparison was found in
ADE of -0.95 (95%Cl: -1.49, -0.40) versus placebo, high-
concentration capsaicin of -0.92 (95%Cl: -0.43, -0.15)
versus low-concentration capsaicin, and lidocaine of
-1.31 (95%Cl: -2.11, -0.50) versus placebo, which is pre-
sented in Table 3. The weighted network is presented
in Fig. 2A. The differences in the efficacy of interven-
tions on pain relief were evaluated by the SMD, which
is shown in Table 4, and the rank of the efficacy was
based on the Bayesian framework, which is presented
in Table 5. According to SUCRA shown in Table 6, the
lidocaine ranked first, and was to be the best topical
drug for pain relief in PHN. Comparison-adjusted fun-
nel plot is presented in Fig. 3A, which showed possible
low risk of publication bias in pain relief.

Safety Comparison of AEs

Eight out of 12 studies were analyzed, consist-
ing of 1,490 patients with PHN and 4 interventions
including placebo, low-concentration capsaicin, high-
concentration capsaicin, and lidocaine. The major AEs
were papules, swelling, pain exacerbation, and others.

Table 3. The direct efficacy comparisons of the different classes
of treatments.

There were no serious AEs in all treatments. A total of
4 trials were excluded from the meta-analysis due to a
lack of the number of AEs. The comparison of AEs was
calculated OR and 95% confidence intervals. Statistical
significance of traditional pairwise comparison was
found in high-concentration capsaicin of 3.40 (95%Cl:
1.44, 8.02) versus low-concentration capsaicin of 3.14
(95%ClI: 1.65, 5.97), which is presented in Table 7. The
weighted network of AEs are presented in Fig. 2B. The
differences in safety of interventions on pain relief
were evaluated by OR, which is shown in Table 8. High-
concentration capsaicin was ranked the least tolerable
therapy due to causing the highest number of AEs,
and lidocaine was ranked the third tolerable therapy
following the low-concentration capsaicin and placebo
(PLA), which is presented in Table 9. Comparison-ad-
justed funnel plot is presented in Fig. 3B and showed
possible low risk of publication bias in the AEs.

Discussion

To the best of our knowledge, our network meta-
analysis is the most comprehensive data analyses of cur-
rent topical drugs for PHN. In our network meta-anal-
ysis, the inclusive studies used the different measures
of pain relief. The SMD was performed in evaluating
the percentage of change of efficacy before and after
the topical treatment. All the evidence regarding these
contrasts comes from the trials that directly compare
them. Both consistency model and inconsistency model
had similar random effects standard deviation in our
network meta-analysis (41). We considered the data of
our network meta-analysis to have good consistency,
and data can be pooled to perform the network meta-
analysis. According to the SUCRAs and overall rank,
lidocaine, ADE, and high-concentration capsaicin dis-
played effective pain relief for PHN. The result of our
network meta-analysis is consistent with recommenda-
tion of PNH treatment (10,11).

Lidocaine, ADE, and high-concentration capsa-
icin have been used in neuropathic pain. The link of
these 3 topical drugs may be associated with the pain
transmission and pain response, which may be greatly
important to the development of PHN (5,42-44). The
capsaicin was well known as a selective ligand of TRPV1
receptor. Capsaicin has the function of binding with
receptors. Repeated exposure of capsaicin leads to
reversible desensitization and defunctionalization of
TRPV1 receptor, and then the sensory axons containing
TRPV1 receptors may enter into a long-term refractory
period and have no response to pain stimulation. The

Class 1 vs. 95%CI
ass Ve SMD P value

Class 2 Lower Upper

L-CAP VS PLA -0.29 -0.6 0.01 0.06

H-CAP VS

L-CAP -0.29 -0.43 -0.15 < 0.0001

Lidocaine vs

PLA -1.31 -2.11 -0.5 0.001

Indomethacin

VS PLA -0.5 -1.03 0.02 0.06

Diclofenac VS

PLA -0.5 -1.02 0.03 0.06

APE Vs -0.5 -1.02 0.03 0.06

Diclofenac

ADE VS

Indomethacin -0.5 -1.02 0.03 0.06

Diclofenac VS 0 -0.51 0.52 0.99

Indomethacin

ADE VS PLA -0.95 -1.49 -0.4 0.0007
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Fig. 2A
H-CAP

Indomethacin

Diclofenac

Lidocaine

Fig. 2B L-CAP

Lidocaine H-CAP

PLA

Fig. 2. (A) A network of efficacy comparisons between the different classes of treatments in this network meta-analysis. (B) A
network of AEs comparison between the different classes of treatments in this network meta-analysts.

Table 4. The network meta-analysis resulis of efficacy comparisons.

ADE

-16.07 .

(3447, 3.07) Diclofenac

-12.83 331

(-37.98, 17.05) (-25.72, 31.69) LERAL

-15.34 0.77 3.82 Indomethacin

(-36.58, 4.01) (-18.31, 19.50) (-31.66, 27.36)

22.41 -6.50 -9.64 634 AT

(-47.66, 5.46) (-33.87,20.03) (-18.50, -3.08) (-35.34, 20.60)

19.88 36.04 32.53 35.49 42.44 Lidocain
(-5.51, 44.79) (7.19, 60.12) (7.03, 52.86) (5.29, 59.90) (19.05, 61.84) ocame
-33.49 -18.24 21.05 -18.13 1116 -53.98 LA
(-55.19, -12.87) (-41.14,2.28) (-40.46, -5.44) (-42.51,2.18) (-27.86, 3.15) (-67.22, -38.32)

capsaicin also has the ability to degenerate the revers-
ible nerve fiber. As a result, the capsaicin can prevent
the pain transmission and reduce the pain response
(42,43). The mechanism of aspirin to relieve pain may
be its function, including inhibition of prostaglandin
synthesis and preventing the sensitization of C poly-
modal nociceptors (45,46). The potential mechanism
of lidocaine to relieve pain may be its sodium channel
blocking effect, which directly leads to the dysfunction
or damage of pain receptors (44). As mentioned ear-
lier, these 3 topical drugs are able to affect the pain
transmission and pain response, thus relieving the pain

of PHN. Additionally, topical lidocaine can restrain in-
flammatory factors of damaged tissue, which also plays
an important role in pain (47). It may affect persistent
virus that exists in damaged tissue. Therefore lidocaine
displayed the most effective pain relief for PHN.

In the aspect of AEs, the evaluation was performed
in high-concentration capsaicin (HCAP), low-concentra-
tion capsaicin (LCAP), placebo (PLA), and lidocaine by
sufficient evidence.

The evidence for ADE, indomethacin, and diclof-
enac was only found in 2 studies with 29 cases having
inadequate data in AEs. ADE, indomethacin, and diclof-

www.painphysicianjournal.com
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Fig. 3. (A) Funnel plot for the detection of publication bias in efficacy comparisons. (B) Funnel plot for the detection of
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Table 5. Diagrams of rank analysts of efficacy comparisons.

Drug Rank | Rank | Rank | Rank | Rank | Rank | Rank Rank Probability
1 2 3 4 5 6 7 ol
ADE 0 0.01 0.02 0.06 0.16 0.7 0.06 08|
Diclofenac | 004 | 017 | 025 | 03 | 021 | 002 | 0 e
HCAP 0 001 | 028 | 021 | 033 | 016 | 001 8"
Indo- 003 | 018 | 024 | 025 | 025 | 005 0
methacin 02
LCAP 0.05 0.54 0.2 0.17 0.05 0 0 00! | |
ADE Diclofenac HCAP Indome... Lcap Lidocaine PLA
Lidocaine 0 0 0 0 0.01 0.06 0.93 Treatment I
™ Rank 1 WRank 2 WRank: 3 © Rank 4 WRank S ™ Rank 6 ™ Rank 7|
PLA 0.88 0.1 0.02 0 0 0 0
Table 6. SUCRA. Table 7. The direct AEs comparison of the different classes of
treatments.
Treatment SUCRA PrBest MeanRank
ADE 83.8 18.8 2.0 Class 1 vs. 95%CI
ass L vs OR P value
Diclofenac 45.4 0.2 4.3 Class 2 Lower Upper
H-CAP 53.6 0.2 3.8 L-CAP VS PLA 3.14 1.65 5.97 0.0005
Indomethacin 45.7 0.3 4.3 H-CAP VS L-CAP 34 1.44 8.02 0.0005
L-CAP 23.8 0.0 5.6
PLA 1.2 0.0 6.9

Table 8. The network meta-analysis results of AEs comparison.

HCAP

3.51

(1.32,10.79) LCAP

2.63 0.74 et

(0.04,126.52) | (0.01,28.77) ocame

11.74 3.34 446

(1.69, 97.93) (0.62,19.53) | (0.18,217.68) PLA

enac were excluded from the AEs evaluation because
of this limitation. Lidocaine may be the most beneficial
topical drug for PHN because the clinical practice of
high-concentration capsaicin could be restricted from
its multiple AEs.

In comparison of the topical treatment, the
outcome may be affected by several factors. The
transdermal uptake of drugs was affected by the
skin’s factors, including the temperature, hydration,
cutaneous vasoactivity, and specific variation, there-
fore the suitable delivery in the skin can enhance the
increased absorption of the drugs to affect efficacy
(48,49). The delivery systems of inclusive studies had
5 items, including patch, cream, ethyl ether, eye
drops, and pump spray. However, different delivery

Table 9. Diagrams of rank analysis of AEs comparison.

Drug Rank 1 Rank 2 Rank 3 Rank 4
HCAP 0.68 0.3 0.01 0
LCAP 0 0.42 0.51 0.06
Lidocaine 0.31 0.25 0.27 0.17
PLA 0 0.02 0.21 0.77
Rank Probability
restmant

systems of different topical drugs were performed
in the comparison, which may lead to the biased
results. Furthermore, the duration of the local drug
may affect infiltration (50). The majority of duration
of the lidocaine, ADE, indomethacin, and diclofenac
is less than 4 weeks, whereas the capsaicin was used
more than 4 weeks. This limitation may lead to the
bias of the evaluation of the effective treatment, and
the short-term duration may cover up the AEs of the
lidocaine, ADE, indomethacin, and diclofenac. Apart
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from these 2 aspects, there are still limitations that
may exist in the evaluation.

The limitations of our network meta-analysis are
listed as follows: (1) the small number of included
studies; (2) a small number of patients and short-
term trials in progress, including lidocaine and ADE;
(3) both RCT and crossover randomized trial were
included in our network meta-analysis; (4) only stud-
ies published in English were evaluated; (5) lack of
head-to-head comparisons of some treatments; (6)
different measurement methods were used in differ-
ent trial, which may cause deviation; and (7) with the
lack of cycles in the included trials, the inconsistency
factors cannot be calculated, and node-splitting
method cannot be performed in our network meta-

CONCLUSIONS

The topical lidocaine was preferable to other
topical drugs for PHN. More hand-to-hand studies
with larger sample size and longer trial period are
warranted to support our findings and explore the
efficacy and safety of the topical drugs.
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Pubmed:
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emulsion[Title/Abstract] OR oil[Title/Abstract] OR patch[Title/Abstract] OR plaster[Title/Abstract]

#3 "Neuralgia, Postherpetic"[Mesh]

#4 Postherpetic Neuralgia[Title/Abstract] OR PHN[Title/Abstract] #5 "Randomized Controlled Trials as
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#6 randomi*ed controlled trial[Title/Abstract] OR double- blind[Title/Abstract] OR blind*[Title/Abstract] OR
mask*[Title/Abstract] OR clinical trial[Title/Abstract] OR trial[Title/Abstract]
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