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Abstract

Objective: To compare the relative efficacy and safety of antiviral agents used in the prevention and

management of herpes labialis through a network meta-analysis of clinical trials.

Methods: A systematic search was performed in Ovid Medline PubMed, Cochrane Central Register of
Controlled Trials (CENTRAL), Scopus and Clinicaltrials.gov for randomized controlled trials (RCTs)
reporting a comparison of antiviral agents in the management and prevention of herpes labialis in
healthy/immunocompetent adults. The data extracted from the selected RCTs were assessed and a
network meta-analysis (NMA) was performed. The interventions were ranked according to the surface

under the cumulative ranking (SUCRA).

Results: A total of 52 articles were included for qualitative synthesis and for the quantitative part, 26
articles were analyzed for the primary treatment outcome and 7 studies were analyzed for the primary
prevention outcome. The combination therapy of oral valacyclovir and topical clobetasol was the best
ranked with a mean reduction in healing time of -3.50 (95% CI -5.22 to -1.78) followed by vidarabine
monophosphate of -3.22 (95% CI -4.59 to -1.85). No significant inconsistencies, heterogeneity, and
publication bias were reported for TTH outcome analysis. For primary prevention outcomes, only 7
RCTs fulfilled the inclusion criteria, and none of the interventions was shown to be superior to each
other. The absence of adverse events was reported by 16 studies, whereas other studies reported mild

side effects only.

Conclusion: NMA highlighted that several agents were effective in the management of herpes labialis
among which the combination of oral valacyclovir with topical clobetasol therapy was the most
effective in reducing the time to heal. However, further studies are required to determine which

intervention is the most effective in preventing the recurrence of herpes labialis.
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systematic review; network meta-analysis



Correspondence

Divya Gopinath, Basic Medical and Dental Sciences Dept, College of Dentistry, Ajman University, P O

Box 346, UAE. E-mails: divyagopinath@imu.edu.my; d.gopinath@ajman.ac.ae

Conflict of Interest

The authors declare no conflict of interest.

Source of Funding

This research did not receive any external funding.



1. Introduction

Herpes labialis is an infectious disease caused by herpes simplex virus type 1 (HSV-1) in the orofacial
region and is especially common in infants and adolescents. The chances of herpes labialis recurrence
are common among individuals, where the infection is generally contagious during times of active
replication but can also spread when symptoms are absent. 1, 2 After the initial exposure, the primary
infection spreads to sensory nerve cells and establishes latent infections. 1 The primary infection with
HSV-1 may be asymptomatic or manifest as erythematous vesicles, which later rupture to form
encrusting ulcers. The HSV virus incorporated in the ganglions awaits a stimulus to initiate viral

replication. 1-3

The disease progression in recurrent herpes simplex labialis (HSL) typically incorporates multiple
stages. The resurgence of labial HSV is typically triggered by many factors, including stress, trauma
from surgery/operations, infectious febrile ailments, and certain drugs like corticosteroids. 2, 3
Although several management strategies are available for the treatment of recurrent herpes labialis
nucleoside analog inhibitors including acyclovir, valacyclovir, penciclovir, and famciclovir are
considered appropriate choices as they overcome some of the constraints of other interventions. 4
However the treatment is only considered effective if started as soon as the appearance of symptoms
(within 24-48 hours). At the same time, there is limited data on the usage of antiviral medications for
prophylaxis of herpes labialis. 5 The reports from Alvarez et al., (2020) 6 summarised the effectiveness
of current antiviral medications and molecules used in treating HSV infections. Even to this day, there
were minimal clinical trials which reported direct comparison or assessment of the relative efficacy

between available interventions.

Traditional meta-analysis is limited to evaluating trials having no more than 2 interventions for the same
disease. However, network meta-analysis (NMA) permits the evidence synthesis of trials with distinct
treatment arms to be synthesized thoroughly and compared with direct or indirect evidence. In terms

of ranking the best antiviral to use, the latest NMA by Aribi Al-Zoobaee et al., (2020) demonstrated a



comprehensive review of available antiviral treatments, however, it focussed on immunocompromised

cancer patients only. 7

Considering the currently available antiviral medications as therapeutic options to treat herpes labialis,
and the uncertainty about the comparative effectiveness based on their efficacy, the present study was
undertaken to better define the relative efficacy and safety profiles of the currently available antiviral
agents for the treatment of herpes labialis. Hence, we reviewed the literature systematically and
conducted an NMA to examine the relative efficacy and safety profiles of the currently available

antiviral agents. The report aims to provide relevant information to dentists, dermatol-

ogists, other health care professionals, and policymakers to decide upon their treatment after
evaluating the potential benefits and harms associated with the antiviral agents for the treatment of

herpes labialis.

2. Materials And Methods

The protocol for this NMA was registered in the International Prospective Register of Systematic
Reviews (PROSPERQO) database with registration number RCRD42021247974. This systematic review
and NMA follow the attributes outlined in the Cochrane Handbook for Systematic Reviews of
Interventions 8 with full reporting performed based on the Preferred Reporting ltems for Systematic

Reviews and Meta-Analyses (PRISMA) extension statement which includes NMAs. 9

2.1. Data Sources and Search Strategy

A literature search for relevant RCTs on the prevention and management of herpes labialis/cold sores
was performed and drawn from the following sources

Ovid Medline

PubMed

Cochrane Central Register of Controlled Trials (CENTRAL)

Scopus



ClinicalTrials.gov

Further references from selected journals/articles and references from previous systematic reviews or
relevant metaanalyses (via Cochrane Database of Systematic Reviews) were searched to ensure that
important articles were not missed. For the search strategy, each database was exhaustively explored
using search terms that encompassed all resources and materials relevant to herpes labialis/cold
sores and the various prevention and management approaches currently available. The tables
displaying the search terms used in the databases are provided in the supplementary material

(Supplementary Tables S1 to S5)

2.2. Eligibility Criteria

For the selection of studies, all identified articles were based on the following eligibility/selection

criteria using the Population, Intervention, Comparison, Outcome, Studies (PICOS) framework.

2.2.1. Inclusion criteria

Participants (P): Healthy/immunocompetent adults with herpes labialis (new and recurrent)

Interventions(l): Antiviral interventions

Comparators(C): Placebo or any interventions with antiviral properties

Outcomes (0): i) Primary treatment outcome - timeto-healing (TTH) ii) Primary prevention outcome —
no evidence/appearance of lesions or recurrence of attacks iii) Secondary outcomes - duration of
episodes, pain, recovery, encrustation times, global efficacy assessment scores or total symptom

scores

Studies (S): Randomized controlled trials (RCTs)

2.2.2. Exclusion criteria Quasi-experimental and non-randomized controlled/clinical trials

Protocols, reviews or letters

Observational and cross-sectional studies

Casereports



Studies reporting only other herpes simplex virus infections (HSV-2, genital infections, herpes
encephalitis or herpes keratitis) without reference to herpes labialis, Immunocompromised patients

(having cancer, diabetes, HIV or resistance to antivirals)

Missing required results for analysis (no mean values and standard deviations)

2.3. Data Extraction

Data extraction using Microsoft Excel has been done with three main categories: (i) Study
Characteristics (authors, year published, intervention comparisons, randomization, blinding, efficacy
and assessment methods); (ii) Intervention (sample sizes, treatment arms, frequencies, duration and
followups); (iii) Outcome (primary outcome arms, secondary outcome arms and adverse events). To
account for missing mean values or standard deviations(if studies have sufficient data like median and
interquartile range), we used either an online estimator 10 or the formulas for converting median into
mean: X ®(a + 2m + b)/4, and range into variance: S = (ba)/4 = R/4, where x = mean, a = smallest value,

b = largest value, m = median, S =variance, and R =range. 10

2.4. Risk of Bias Assessment

The risk of bias in eligible studies was determined using the revised Cochrane risk of bias tool for
randomized trials (RoB 2). The assessment included 5 main domains affecting randomization
processes, deviations of intended interventions, missing outcomes, measurement methods and

selection of reported results, and also 1 overall bias domain. 11

2.5. Data Synthesis and Statistical Analysis

All the data extracted were synthesized using the intentionto-treat principle for the primary analysis.
The heterogeneity of those trials was assessed with consideration to | 2 statistic, where if | 2 estimate
=50%, the evidence demonstrated heterogeneity of substantial levels. 12

In combining direct and indirect evidence from various studies, a frequentist approach involving

random-effects NMA had applied based on a consistency model to assimilate the evidence collected.



13-15When network inconsistency assumption (P >.05) was present, the globalinconsistency test was
used to evaluate this conflict by incorporating design-by-treatment into the inconsistency model. 14
Inconsistency was also tested one at a time using Separating Indirect from Direct Evidence (SIDE) and
Loop-specific approach. 15-17 The probability of each treatment being considered the best (minimum
rate of oral herpes labialis) and safest (minimum rate of adverse events) were estimated. Additionally,
rankograms with the corresponding ranking of antiviral agents were constructed and the surface area
under cumulative ranking (SU- CRA) scores were also calculated. 18, 19 The publication bias was
evaluated using the comparison-adjusted funnel plot. All statistical analysis and graph plotting were

generated using Stata version 15.0 (StataCorp, College Station, TX).

3. Results

3.1. Literature Search and Study Selection

We identified a total of 1041 studies across all the databases described and these were outlined in the
PRISMA flow diagram in Fig. 1. Among these articles, 779 were removed in the initial search, yielding
262 records to be screened. In the screening phase, a further 173 studies were duplicated records,
where the remaining 89 full-text articles were downloaded and assessed for their eligibility.

After excluding studies that were found to be cross-over RCTs, contained only abstracts, short
commentaries, review summaries or letters, an unspecified number of patients in treatment groups,
absence of comparators (only compared different doses of same intervention) and demonstrated
obscure results (indistinct data like medians and percentages), the final number included for
qualitative synthesis was 52 articles. For quantitative analysis, 26 articles were analyzed for the primary

treatment outcome and 7 studies were analyzed for the primary prevention outcome.



3.2. General Study Characteristics

The general characteristics of the 52 eligible studies for qualitative analysis are shown in
Supplementary Table 6. The studies included those published from 1977 to 2021 and included a total
of 19669 randomized patients, of which 6769 subjects were excluded from post-analysis to finalize
12900 patients in all sample sizes.21- Most of the trials were conducted globally, with most studies
from the USA (19), followed by Germany (6), Canada (4), China (3), 2 each from Iran, New Zealand, and
Slovakia, and 1 each from Czech Republic, Iceland, Switzerland, Denmark, Israel, Australia, and the
Netherlands. The remaining trials encompassed partnerships between countries, with the USA and
Canada conducting four trials together and an additional 1 incorporated Australia. Two trials
comprised a combined total of 12 countries across 3 continents. 20, 21 There were 23 single-center
studies and 29 multi-center studies, mostly conducted at hospitals, clinics, and care centers with
schools and departments of oral medicine, dermatology, dermatoepidemiology, research and
development. One of the trials involved community pharmacies 22 while 2 trials were conducted at the
skiresort. 23, 24 Apart from 2 articles that had 2 identical randomized trials running in parallel, but with
independent results 25, 26, all were distinctively randomized controlled trials and mostly conducted
recruitment and data collection spanning from 2 months for small sample size studies 27, 28 and
prolonged up to 3 years to allow sufficient recruitment. 3, 29-31 Planned sample size could not be

attained in 2 of the trials due to slow recruitment.

The age range of participants varied from 16-81 years old, with a mean baseline range of 30-39 years in
most studies, although bigger trials recruited a higher average of 40-45 years. 20, 23, 32-34 There were
2 exceptions with one study, including subjects, who are at least 12 years old 25 and two studies
included children from 4 to 6 years old, but the overall mean age was 20 years or more and the results
were distinguished from adults. 29, 35 All studies were found to have a greater proportion of female
participants, with a minimum of 52.3% 36 and up to 92.3% in some treatment arms 37 with the highest

overall total for all treatment arms at 92.0% in 1 study. 38 Some older studies did not provide the exact



breakdown of the male-female ratio, 28, 39, 40 while a few had no demographic breakdown but

mentioned the similarities in age, gender and ethnicity. 41, 42

The assessment of clinical parameters was evaluated mostly in clinical settings, while the one study

conducted in community pharmacies involved community-based investigators. 22

Recruited subjects, mostly presented with observable blisters/symptoms/outbreaks within 24-48

hours. 3, 32, 33, 36, 39, 43-46

while some allowed participation if symptoms did not exceed 72 hours. 22, 35 Some studies reported
most recruits, especially older subjects had experienced RHL for an average of 20-30 years. 25, 26, 30,
34, 41, 47-51 and some as long as 40-50 years. 46, 52 In most studies, subjects with at least 2-3times
positive recurrences annually were recruited 22, 24-27, 53, 34, 38, 48, 49, 52, 54-57, some looked for
a minimum of four times per year 20, 33, 41, 58, 59 while two studies looked for only 1 previous RHL
episode. 60, 61 Additionally, a trial reported by Busch et al., (2009) required a minimum of 6 episodes
annually. 53 A trial by Bolla et al., (1985) warranted at least 12 relapses in a year 21 and 1 evaluated
both frequent (=3 episodes) and infrequent (1 or 2) recurrences by classifying them into different

groups. 62



3.4. Interventions and Comparators

The interventions and comparators are described in detail in Supplementary Table 7. The most frequent
treatment used among all the eligible studies was the nucleoside analogue Acyclovir. There were 19
trials, that used cream/ointment formulations ranging from 3% to 10% in concentration, with 2 studies
testing additional therapeutic benefits in combination with the steroid drug hydrocortisone 34, 56 and
4 studies using the branded Zovirax cream 3, 31, 47, 54 as comparators. Four trials used 200mg or
400mg oral formulations 283, 44, 61, 63, 1 trial compared the therapeutic and prophylactic efficacy for
both the peroral capsule administration and topical cream formulation 64 and one trial used a
mucoadhesive buccal tablet for continuous administration of the drug sublingually in a single daily
dose. 20 The remaining 2 trials used the lip patch 35 and also cutaneous application via iontophoresis.
62 Other nucleoside analogues used for efficacy assessment included Valacyclovir 25, 30, 58, 60 and
Famciclovir 48, 50, both given as tablets/capsules, and Penciclovir 39, 52 in cream form. Among all
these nucleoside analogues, only 1 study had a direct comparison between 2 of these drugs 36,
another study involved the addition of corticosteroid for further benefits 30 while the remaining studies
had compared nucleoside analogues with placebos or other interventions.

The next most common treatment used, especially in the newer studies, were a variety of
natural/herbal formulations like olive leaf extract, pleuran (beta-glucan), kanuka honey, propolis, tea
leaves extract, Melissa herbal extract, rhubarb root extract, and Longovital vitamin-herb
supplementation. 22, 27, 29, 31, 65, 32, 33, 34, 35, 43, 55, 59, 66 Due to the nature of some of these
formulations, like the inability to mask kanuka honey taste 22, 65 or sensitivity to color and odor of

propolis 36

during randomization, the study designs had to be altered and were either open-label or single-blinded

trials.

Additionally, some other antivirals, antibacterial agents or chemical compounds included in the

analysis were inosine pranobex, monocaprin, doxycycline, 1,5-pentanediol,



tetracaine, Betadine paint, Stoxil ointment (idoxuridine), foscarnet, undecylenic acid, vidarabine
monophosphate, thymopentin, butylated hydroxytoluene, ether, levamisole and chloroform 21, 28, 53,

39, 40, 42, 44, 45, 46,57, 62, 67, 68, 69

Most of these 52 studies had 2 treatment arms, except 9 studies with 3 treatment arms 3, 25, 31, 34,
45, 48, 54, 62, 70 and 2 studies with 4 treatment arms. 50, 64 Another 10 studies did not have placebos
as control groups. 3, 22, 31, 65, 32, 33, 36, 43, 47, 55 Although this had weakened study designs, the
reasons for excluding placebos were justified because some placebos yielded false results due to the
composition of ingredients used 3 and some were due to ethical reasons. 31, 43 Besides, in 2 open-
label studies, silica gel and acyclovir cream were differentiated easily due to their texture upon
application 47, and Betadine paint colorized the skin compared to the water-miscible idoxuridine
ointment. 70 Other examples were the use of patches together with serums and creams in different
treatment arms, where the subjects knew the treatment given but the trial was blinded to the assessor,
and the odor from camphor in mineral oil enabled subjects to identify the treatment given between

chloroform or camphor. 25

Most of the clinical study duration on TTH trials for individual subjects ranged from three to fourteen
days or until the lesion had healed, 31, 32, 34, 38, 39, 57, 62 while prophylactic studies for subjects
took up to 9 months with followup periods. 66, 69 The frequencies of treatment given varied from 3to 6
times daily, some as often as 8 times daily or every 2 hours. 28, 31, 49, 52, 67 Two studies required
application only once at the start of trial 62, 70 while several studies had specified instructions to follow

throughout the trial duration. 20, 21, 25, 38, 41, 44, 48, 60, 66, 69



3.5. Outcomes of Interest

All the outcomes of interest are described in detail in supplementary Table 8. The primary outcome in
the most eligible studies is TTH which was reported in 37 studies. Among these, 21 studies showed
statistical significance in the improvement of lesions, from randomization to normal skin and complete
loss of crusts.

Across all secondary outcomes included in this analysis, 27 studies showed results in pain reduction,

7 studies with the reduction in episodic duration of lesions, 25, 26, 34, 40, 41, 49, 66

3 studies each with the improvement of total symptom scores 53, 44, 59 and superior Global Efficacy
Assessment mean scores, 35, 36, 50 7 studies evaluating superiority testing, also known as the time to
complete encrustation or epithelialisation, 28, 31, 32, 33, 37, 54, 57 eight studies contributing to
itchiness decrement 27, 53, 33, 37, 39, 43, 47, 57 2 studies assessed bleeding tendency 27, 43 and 1
study also determined both irritation reduction and mucosa color change. 43 Among all the studies
which included duration of episodes, only 2 studies did not provide statistically significant results,
44,67 while it was finely balanced across pain reduction results with 13 studies showing the statistical
significance and 14 studies with no significant differences. For superiority testing, 4 of 7 studies had a
significantly better time to full encrustation outcomes, 32, 33, 37, 54 2 of 3 studies had significantly
better Global Efficacy Assessment mean scores 35,38 and only 1 of 3 studies had significant

enhancements in total symptom scores. 53

For the prevention aspect, the primary outcome was the incidence of recurrence which was reported
in 13 studies. Six of these trials 20, 21, 23, 24, 34, 58 showed statistically significant results to stipulate

longer mean times to the first recurrence and extended symptom-free periods.

The absence of adverse events was reported in 16 studies while there were no recorded events in nine

studies. 28, 52, 56, 59, 61, 62, 63, 66, 69. Most were mild to moderate side ef-

fects such as headache, nausea, diarrhoea, dry lips, application site reactions(pain, dryness and
burning), numbness, skin smarting or facial exacerbations, while rare issues reported in a small

number of trials include skin desquamation or flaky skin, 26, 71 dysgeusia, 41 hyperuricaemia 44 and



nasopharyngitis/upper respiratory tract infection. 34 One study had also reported side effects in 6
subjects in both thymopentin and placebo groups but was only classified as temporary mild

repercussions without specifying them. 21

3.6. Risk of Bias and Quality of Studies

The results for RoB assessments were shown in Fig. 2, supplementary Figures S1 and S2. For studies
with TTH outcomes, 36 studies assessed assignment to intervention effect using intention-to-treat (ITT)
and ‘as treated’ analyses with an overall bias of 41.7% of some concern, while one

Fig. 3. Network plot on the efficacy of interventions in management of herpes labialis. Abbreviations:
ABT = acyclovir buccal tablet; ACY, acyclovir; ACY + HCT, acyclovir + hydrocortisone; AMP, vidarabine
monophosphate; BHT, butylated hydroxytoluene; BM, balm mint(Lo-701) melissa extract; COM,
compeed cold sore patch; EGCG, epigallocatechin-3- gallate; ETR, ether; FAM, famciclovir; FSN,
foscarnet; HEP, herspatch serum patch; KH, kanuka honey; NaCl, sodium chloride solution; OLE, olive
leaf extract; PBO, placebo; PCV, penciclovir; PLN, pleuran; TC, tetracaine; UA, undecylenic acid; VCY

+ CLO, valacyclovir + clobetasol.

study assessed adherence to intervention effect using ‘perprotocol’ analysis with an overall high risk
of bias. For studies with recurrence outcomes, all 13 studies used the ITT analysis for intervention

allocation evaluation with the overall bias of some concern at 46.2%.



3.7. Comparing Effectiveness of Interventions used for the Management of Herpes

Labialis with Primary Treatment Outcome Time-to-Healing(Network Meta-Analysis)

There were 26 studies with sufficient reported data included for this analysis. Fig. 3 shows the network
plot connecting 21 interventions (including placebo) which analyzed the TTH of herpes labialis lesions,
where each node represented a treatment arm, node size illustrated the total number of subjects using
that intervention and the width of connecting lines reflecting the number of trials included. Placebo
was the most common comparator used in these studies and was used as the reference group in the
analysis. Assessments in comparing the efficacy between the 20 interventions (other than placebo)
involved in the analysis resulted in 11 interventions which significantly lowered the TTH of herpes
labialis lesions when compared to placebo. Of all the interventions implicated, the combination of oral
valacyclovir with the addition of topical clobetasol was found to be the most effective with a mean
difference (MD) of healing time of -3.50 (95% CI - 5.22 to -1.78), followed by vidarabine monophosphate
(AMP) [MD -3.22 (95% CI -4.59 to -1.85)] and olive leaf extract (OLE) [MD -3.17 (95% CI -49.24 to 42.90)].
Interestingly, the placebo had lower TTH compared to topical ether, undecylenic acid cream and oral
pleuran, with MD (95% CI) 0f 0.70 (-1.67 t0 3.07), 0.44 (-0.08 t0 0.96) and 2.60 (1.48 to 3.72) respectively.

Table 4 showed all the mean differences between the interventions which were evaluated.

Using the SUCRA method, the combination of oral valacyclovir and topical clobetasol was likely ranked
as the best treatment (93.0%), followed by cutaneous topical application of vidarabine
monophosphate (91.7%) and topical epigallocatechin-3-gallate (86.3%) (Table 1). On the other hand,
the least efficacious treatment shown was oral pleuran (2.4%) followed by undecylenic acid cream
(12.3%) and topical ether (17.3%). The SUCRA ranking graphs were shown in Fig. 4 and the league table
for various indirect comparisons between the agents and available direct comparisons was provided

in Fig. 5. The NMA results were comparable with most of the available direct comparison data.

A global inconsistency test results demonstrated that there was no significant inconsistency observed

among the trials (P >.05) and was shown in Supplementary Table S9. Inconsistency explored by (SIDE)



approachis shownin Supplementary Table S10 and the results showed ‘agreement’ between the direct
and indirect evidence for all the comparisons. P-values equalto or greater than.05 suggested that there
was no statistically significant inconsistency. We also performed a Loop-specific approach to detect
inconsistency shown in Supplementary Table S10 with all closed triangular loops (formed by three
treatments). Inconsistency factor (IF) indicated the differences between direct and indirect estimates
and the corresponding 95% confidence interval for each IF in each closed triangular or quadratic loop
was presented in Supplementary Table S11. Inconsistent loops were distinct loops that featured IFs
with 95% confidence intervals incompatible with zero. For example, for the triangular loop of evidence
involving drug comparisons, the relative risk for estimating the effect differs between direct and indirect
evidence by 0.95 but exhibited a 95% confidence interval inclusive of 0, indicating the possibility of
featuring no difference. Direct comparisons with pair wise metaanalysis by random effects method is
provided as Supplementary Figure S3. This is because most of the agents have not been directly
compared with each other or placebo and have only been tested against a single agent of investigators

choice.

Table 1. SUCRA ranking of different interventions for treatment.

Intervention Mean difference (95% ClI) SUCRA value (%) P-value
VCY + CLO -3.50(-5.22t0-1.78) 93.0 .000
AMP -3.22(-4.59t0-1.85) 91.7 .000
EGCG -2.77 (-4.46 t0 -1.08) 86.3 .001
FAM -2.09 (-2.53t0-1.65) 79.8 .000
TC -2.10(-2.64to -1.55) 79.8 .000
HEP -1.42 (-2.16 t0 -0.67) 64.9 .000
ACY + HCT -1.28 (-1.90 to -0.66) 60.1 .000
PCV -1.20(-1.72t0 -0.68) 56.9 .000
OLE -3.17 (-49.24 t0 42.90) 54.1 .893
COM -1.05(-1.79t0 -0.30) 51.5 .006
NaCl -1.02(-2.35t0 0.32) 50.6 .135




BM -0.91(-2.06 t0 0.24) 47.3 .120
ACY -0.92 (-1.44 t0 -0.40) 46.5 .001
BHT -0.75(-3.10to0 1.60) 44.5 .531
KH -0.49(-1.23t0 0.25) 32.9 191
ABT -0.38(-0.90t0 0.14) 30.8 .155
FSN -0.20(-1.29t0 0.89) 27.0 .718
ETR 0.70(-1.67 t0 3.07) 17.3 .562
UA 0.44 (-0.08 to 0.96) 12.3 .100
PLN 2.60(1.48t03.72) 2.4 .000

Abbreviations: ABT =acyclovir buccal tablet; ACY =acyclovir; ACY + HCT =acyclovir + hydrocortisone; AMP =vidarabine
monophosphate; BHT = butylated hydroxytoluene; BM = balm mint (Lo-701) melissa extract; COM = Compeed cold sore
patch; EGCG = epigallocatechin-3-gallate; ETR = ether; FAM = famciclovir; FSN = foscarnet; HEP = Herspatch serum
patch; KH = kanuka honey; NaCl = sodium chloride solution; OLE = olive leaf extract; PCV = penciclovir; PLN = pleuran;

TC = tetracaine; UA = undecylenic acid; VCY + CLO = valacyclovir + clobetasol.

Publication bias in the network for TTH outcome was assessed using a comparison-adjusted funnel

plot as shown in Supplementary Figure S4 which showed evidence of publication bias.

3.8. Comparing Effectiveness of Intervention used for the Prevention of Herpes Labialis

with Primary Prevention Outcome Total Number of Recurrences (Network Meta-Analysis)

For this outcome, 7 studies had sufficientreported data to be analyzed. Fig. 6 displayed a network map,
analyzing the recurrence of herpes labialis which connected 5 interven-

tions. Similar to the primary treatment outcome, each node indicated a treatment arm, node size
represented the total number of subjects in that particular intervention and the thickness of connecting

lines featured the number of trials involved. The reference group used was the placebo.

All 4 interventions excluding placebo from seven studies that were involved in the analysis had no
significant differences in the total number of herpes labialis recurrences when compared to placebo.

Based on the mean differences in the frequency of recurrences among the interventions included for



comparisons, inosine pranobex [0.36 (95%CI 0.09- 1.45)] showed the least RR, although this was not

statistically

Table 2. SUCRA ranking curve of different interventions for prevention outcome.

Intervention Mean difference (95% CI) SUCRA value (%) P-value
IP 0.36 (0.09-1.45) 89.2 .150
ACY 0.64 (0.31-1.32) 67.8 .228
VCY 1.00(0.52-1.91) 33.7 .992
ACY + HCT 1.10(0.39-3.09) 271 .851

Abbreviations: ACY =acyclovir; ACY + HCT = acyclovir + hydrocortisone; IP = inosine pranobex; VCY = valacyclovir.

significant. From the results found in Table 2, none of these interventions was superior to placebo in
reducing the recurrence of herpes labialis. Comparatively, the ranking according to SUCRA values also
pointed out that inosine pranobex was the best-ranked intervention (89.2%), followed by acyclovir
(67.8%), valacyclovir (33.7%) and lastly, the combination of topical acyclovir and hydrocortisone

(27.1%). Fig. 7

displayed the SUCRA ranking graphs for these interventions while Fig. 8 provided the league table for

several indirect comparisons.

Aglobalinconsistency test was similarly performed to detect inconsistency for the overall network. The
results found significant inconsistencies among all the trials involved (P <.05)as shown in
Supplementary Table S12. The node splitting approach also suggested statistically significant
inconsistency as shown in Supplementary Table S13. The loop-specific approach to detecting
inconsistency is shown in Supplementary Table S14. The funnel plot in Supplementary Figure

Sb5revealed a significant publication bias in the 7 studies involved in recurrence outcomes.



4. Discussion

To the best of our knowledge, this is the first NMA conducted for assessing the comparative efficacy of
interventions utilised in the treatment as well as prevention of herpes labialis. The overall NMA findings
of the 2 primary outcomes provided comparisons between results from established RCTs, some of
which were empirically examined before in systematic reviews but not quantitatively. Hence, this NMA
included both head-to-head trials and placebocontrolled studies to reveal how different the results
would be observed by using direct and indirect comparisons between the interventions in each primary
outcome, while also allowing assessments of bias being reported among any 2 treatments in the

network and the efficacious impact of each intervention when ranked numerically. 72

Our study explored the comparative efficacy of 20 different interventions with antiviral properties in
terms of reduced lesion healing time for herpes labialis and provided evidence-based hierarchies on
their efficacy and acceptability. Data from 26 RCTs involving over 6000 participants demonstrated that
all interventions apart from the topical ether, topical undecylenic acid and oral pleura were more
efficacious than placebo in terms of lowering TTH, with 10 of these interventions significantly reducing
the time for the lesions to heal completely. Although acyclovir was the most frequently used
intervention and comparator across all the trials, it was ranked below the other antiviral drugs
(famciclovir and penciclovir), chemical/medicinal compounds (vidarabine monophosphate,
tetracaine, Compeed cold sore patch, and Herspatch serum) and the herbal EGCG tea leave extract in

reducing the healing time of disease.

An important finding was the combination therapy of antivirals with steroids had increased efficacy,
thus lowering TTH outcomes to a greater extent as demonstrated by the high SUCRA rankings and
values of the valacyclovir and clobetasol combination and acyclovir with hydrocortisone compared to

single antiviral interventions. Hence, in terms of

the probability of being the best treatment and by ranking, the combination therapy of oral valacyclovir
and topical clobetasol was the best option in our NMA with current evidence in reducing the healing

time of herpes labialis lesions. These findings are in compliance with preclinical studies by



Harmenbergetal., (2003) and Awan et al., (1998) where the addition of 1% hydrocortisone in the topical
ME-609 treatment containing 5% acyclovir had significantly better efficacy than 5% Zovirax cream, 1%
hydrocortisone alone or without treatment, respectively in adoptive transfer of immunity (ATl) mouse
models, suggesting dual characteristics of this combination therapy to activate the healing process of
herpes labialis lesions by inhibiting viral duplication and regulating inflammatory reactions. 73, 74
Some clinical studies also supported these findings where corticosteroids demonstrated increased
clinical activity when combined with antivirals in various herpes simplex virus infections, such as faster
median healing times and the aborted number of herpes labialis lesions in a combination of famciclovir
with fluocinonide, 75 reducing the number of activated inflammatory mechanism pathways and
improving disturbances in consciousness in herpes encephalitis, 76, 77 and decreased continuation
of stromal inflammation to rapidly improve herpes simplex stromal keratitis by reducing its duration.

78

In general, long-term use of low potency steroids such as hydrocortisone is regarded as mostly safe to
use on huge surface regions such as the face, lips, slender, thin skin and children’s tender skin, while
higher potency topical corticosteroids like clobetasol are useful for more extreme skin infections and
on palms or soles due to the thicker skin layers. 79 Although the application of these potent steroids to
the face, groin or skin impediment should be avoided, rare circumstances may require their use and
only for short durations, up to a maximum of 2 weeks with gradual tapering of the treatment regimen

for maintenance and also prevent side-effects. 80

In contrast, although the network plot featuring 4 different interventions from 7 RCTs for preventing
recurrences of herpes labialis also demonstrated some evidence of efficacy and appropriateness in
decreasing recurrence rate, none of them were statistically significant compared to placebo. In terms
of rankings, SUCRA values presented inosine pranobex as the best treatment compared to single
antiviral agents or in combination with steroids. Additionally, the loop-specific approach could not
estimate heterogeneity in the triangular loop of acyclovir, acyclovir plus hydrocortisone and placebo
treatments as observations were obscure and the asymmetrical nature of funnel plots revealed

publication bias from the seven trials involved. Thus, as there was no statistical significance when



comparing the interventions, we could only conclude from SUCRA rankings and values that oralinosine

pranobex was the most effective treatment among the four interventions analyzed.

In terms of safety, most of the treatments analyzed had either no reported adverse events or minimal
localised reactions at application sites like dry skin or inflammation at comparable rates to placebo,
demonstrating general assurance of the safe use of the treatments included in the analysis. Although
there were also common side-effects reported like headache, nausea, and diarrhoea, these were not
specified for the interventions involved in most studies due to infrequent reporting and were also

deemed unrelated to study treatments, hence NMA could not be executed adequately.

A previous meta-analysis conducted by Chen et al., (2017) focused on nucleoside antiviral drugs
demonstrated significant efficacy (including TTH outcome) and safety of these drugs being used in
treating herpes labialis, with valacyclovir shown to be superior to acyclovir with no significant
heterogeneity, while limited data prevented further analysis for famciclovir and penciclovir. 81 These
results were consistent with our quantitative NMA results where all the nucleoside antiviral drugs
included were ranked highly according to SU- CRA values and also had significant mean differences in
healing time reduction of herpes labialis lesions, thus allowing our study to correspondingly position

other interventions to be ranked together after assessing all direct and indirect estimates cumulatively.

Recent systematic reviews by Hammer et al., (2018) and Rosa et al., (2015) also revealed three
common topical antiherpetics (acyclovir, penciclovir and docosanol) were only marginally superior to
placebo in lesion healing time reduction 82, 83 and the clinical recurrence decrement was statistically
significant for topical acyclovir with addition of hydrocortisone when compared to placebo only 84 As
mentioned above, our study could not include docosanol but it can be estimated to be comparable in
efficacy and rankings with acyclovir and penciclovir to reduce lesion healing time, while the
combination of acyclovir and hydrocortisone had similar results in preventing recurrence although
there was no statistical significance as our NMA also included 3 other interventions, namely inosine

pranobex, acyclovir alone and valacyclovir.



One of the latest NMAs by Al-Zoobaee et al., (2020) revealed acyclovir was superior to valacyclovir in
preventing herpes labialis recurrences, but this was studied in cancer patients in an
immunocompromised population. 7 Hence, the results could not be compared with this study but set
a benchmark in identifying the best RHL treatment for a different population. Another NMA by Fu et al.,
(2018) studied multiple antiviral interventions in facial paralysis caused by Bell’s palsy which could
possibly be associated with the involvement of the same herpes simplex virus, but it was not
conclusively proven. 85 Furthermore, there were systematic reviews in non-pharmacological

treatments for herpes labialis which involved low-level laser and photodynamic therapy by

Al-Maweri et al., (2018) 86 and Lotufo et al., (2020) 87 respectively, but both reviews revealed high
variabilities of study designs and inconsistency of laser parameters causing heterogeneity suggested
the need for well-designed RCTs in future comparative research to effectively assess efficacy and

safety outcomes against antiviral therapies.

NMAs are being used to assess pharmacotherapeutic strategies due to the popularity and ability of this
method to conduct evaluations of relative efficacies among treatment regimens without the need for

head-to-head comparisons. 84, 88

Combining the application of systematic reviews and quantitative results with mutually comparable
and related studies leads to corresponding direct and indirect evidence being discovered 89 and hence
our current findings can facilitate the development of high-quality guidelines while being useful for
health practitioners to determine the best treatment options, analyze benefits and/or shortcomings of
each treatment and prioritise future planning of research in specific analytical approaches which were
not estimated before, such as choosing specific comparators or control groups in subsequent trials.

90

There were a few limitations in our study. Firstly, the variabilities of each RCT, such as publication years
spanning different decades, small-scale single-center trials to large multicenter RCTs, and novel
pharmacological and non-pharmacological management options for herpes labialis involved potential

bias. These were observed in several high to unclear risks of bias, particularly in the domains for



outcome measurement and selection of reported results. Secondly, most of the interventions were
only tried and tested in single trials and hence comparison with pair-wise data wouldn’t be legitimate.
While most RCTs were blinded to subjects and assessors, open-label designs due to the inability to
mask treatment characteristics such as kanuka honey taste, visible patches or formulations of
different creams and ointments may still influence results outcome as well, hence the vigilance of
adequate analysis and bias evaluations must be considered when extracting data for all studies
involved. Moreover, the diversity in administration routes and different dosages of included
interventions and comparators could also affect results as some antivirals like acyclovir were
commonly given orally, topically, or both simultaneously. Hence, each RCT would need to compare
treatments with similar routes or standardized dosages, otherwise results inclined towards either
systemic administration or frequent external applications, creating bias in primary outcomes and
adverse events such as application site irritation. Lastly, the lack of defined adverse events and
detailed data forthese occurrences undermined the strength of this study is evaluating safety concerns
of all antiviralinterventions, regardless of primary prevention or management outcomes. While adverse
events were reported in some studies, the categorisation among participants encountering these side

effects was too

inconclusive as all observed adverse events were cluttered together among treatment arms or
collectively quantified. Hence, inconsistencies across trials would reveal no signs of adverse events

among participants either in treatment or placebo arms.

5. Conclusions

Our results indicated that many antiviral medications were proven effective in reducing TTH with no
statistically significant inconsistencies and publication bias across the incorporated trials. The
combination of oral valacyclovir and topical clobetasol therapy was found to be the best-ranked and
most effective treatment in the reduction of herpes labialis healing time. Most of the trials did not report

any major adverse effects implying the safety of the majority of tested interventions. Additional superior



quality RCTs are warranted to determine the most efficacious intervention in preventing the recurrence

of herpes labialis.
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Fig. 1. PRISMA flow diagram of literature search.
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Fig. 2. Risk of bias assessment for studies with TTH outcomes.
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Fig. 3. Network plot on the efficacy of interven-
tions in management of herpes labialis. Abbrevia-
tions: ABT=acyclovir buccal tablet; ACY, acyclovir;
ACY+HCT, acyclovir + hydrocortisone; AMP, vidara-
bine monophosphate; BHT, butylated hydroxytoluene;
BM, balm mint(Lo-701) melissa extract; COM, com-
peed cold sore patch; EGCG, epigallocatechin-3-
gallate; ETR, ether; FAM, famciclovir; FSN, foscar-
net; HEP, herspatch serum patch; KH, kanuka honey;
NaCl, sodium chloride solution; OLE, olive leaf ex-
tract; PBO, placebo; PCV, penciclovir; PLN, pleuran;
TC, tetracaine; UA, undecylenic acid; VCY+CLO, vala-
cyclovir + clobetasol.
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Fig. 4. SUCRA ranking curve graphs for time-to-healing treatment outcome. Abbreviations: ABT, acyclovir buccal
tablet; ACY, acyclovir; ACY+HCT, acyclovir + hydrocortisone; AMP, vidarabine monophosphate; BHT, butylated hy-
droxytoluene; BM, balm mint(Lo-701) melissa extract; COM, compeed cold sore patch; EGCG, epigallocatechin-3-
gallate; ETR, ether; FAM, famciclovir; FSN, foscarnet; HEP, herspatch serum patch; KH, kanuka honey; NaCl, sodium
chloride solution; OLE, olive leaf extract; PBO, placebo; PCV, penciclovir; PLN, pleuran; TC, tetracaine; UA, unde-
cylenic acid; VCY+CLO, valacyclovir + clobetasol.
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Fig. 5. League table of the network meta-analyses comparing the effects of all interventions in reducing time-to-healing
in days (mean) and 95% Cl. Bolded and shaded results indicated statistical significance and the treatment specified
in the column was more efficient than the one in the row. Abbreviations: ABT=acyclovir buccal tablet; ACY, acyclovir;
ACY-+HCT, acyclovir + hydrocortisone; AMP, vidarabine monophosphate; BHT, butylated hydroxytoluene; BM, balm
mint(Lo-701) melissa extract; COM, compeed cold sore patch; EGCG, epigallocatechin-3-gallate; ETR, ether; FAM,
famciclovir; FSN, foscarnet; HEP, herspatch serum patch; KH, kanuka honey; NaCl, sodium chloride solution; OLE,
olive leaf extract; PBO, placebo; PCV, penciclovir; PLN, pleuran; TC, tetracaine; UA, undecylenic acid; VCY+CLO,
valacyclovir + clobetasol.
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Fig. 6. Network plot on the efficacy of inter-
ventions used in the prevention of herpes labi-
alis. Abbreviations: ACY, acyclovir; ACY+HCT, acy-
clovir 4+ hydrocortisone; IP, inosine pranobex; PBO,
placebo; VCY, valacyclovir.
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Fig. 7. SUCRA ranking curve graphs for the recurrence
outcome. Abbreviations: ACY, acyclovir; ACY+HCT,
acyclovir + hydrocortisone; IP, inosine pranobex; PBO,
placebo; VCY, valacyclovir.
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Fig. 8. League table of the network meta-analyses
comparing the effects of all interventions in reduc-
tion of recurrence. None of the interventions was su-
perior to each other. Abbreviations: ACY, acyclovir;
ACY+HCT, acyclovir + hydrocortisone; IP, inosine pra-
nobex; PBO, placebo; VCY, valacyclovir.
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