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Background: Multiple treatment options exist for the management of moderate-to-severe acne. However, the comparative effectiveness 
(efficacy/safety) of moderate-to-severe acne treatments has not been systematically examined.
Methods: A systematic literature review (SLR) was conducted to identify randomized controlled trials of ≥4 weeks of treatment 
(topical, oral, physical, or combinations) for moderate-to-severe facial acne in patients aged ≥9 years. Efficacy outcomes included: 
percentage of patients achieving ≥2-grade reduction from baseline and “clear” or “almost clear” for global severity score (treatment 
success); absolute change in inflammatory (ILs reduction); and noninflammatory lesion counts (NILs reduction). A random-effects 
network meta-analysis (NMA) was conducted for the efficacy outcomes. Treatments were ranked with posterior rank plots and surface 
under cumulative ranking values. 
Results: Eighty-five studies were included in the SLR/NMA. Topical triple-agent fixed-dose combination (FDC) gel (clindamycin 
phosphate 1.2%/adapalene 0.15%/benzoyl peroxide 3.1%) and combinations of double-agent fixed-dose topical treatments with oral 
antibiotics (TOA3) consistently ranked in the top 3 treatments. Topical triple-agent FDC gel was numerically superior to TOA3 for 
treatment success (log-odds ratios: 1.84 [95% credible interval (CrI) 1.36 to 2.29]) and 1.69 (95% CrI: 1.01 to 2.32) vs placebo/vehicle). 
TOA3 was numerically superior to topical triple-agent FDC gel for reduction of ILs (mean difference: -8.21 [-10.33 to -6.13]) and -10.40 
[-13.44 to -7.14] vs placebo/vehicle) and NILs (mean difference: -13.41 [-16.69 to -10.32] and -17.74 [-22.56 to -12.85] vs placebo/vehicle).
Conclusions: Based on this SLR/NMA, topical triple-agent FDC gel was the most efficacious and safe treatment for moderate-to-
severe acne.
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 ABSTRACT

 INTRODUCTION

Acne vulgaris (acne) is an inflammatory cutaneous 
disorder of the pilosebaceous unit of the skin that 
leads to the development of whiteheads, blackheads, 

papules, pustules, nodules, and cystic lesions.1 It is the most 
commonly diagnosed skin condition in the United States (US), 
predominantly among adolescents and young adults in their 
twenties.1,2 The estimated prevalence in the US is 30.2 per 
1,000 people, with more than 8 million cases.3 Annual direct 
medical costs of acne in the US in 2013 were $846 million and 
the opportunity costs were $398 million.4

Guidelines from the US, Canada, and Europe recommend 
topical combination treatments, with consideration of oral 
drugs, as the first-line approach in moderate-to-severe acne.5-8

Topical benzoyl peroxide (BPO), topical retinoids, topical 
antibiotics, and systemic drugs are all effective, but there is a 
lack of clarity about the most efficacious acne treatment.9 Four 
systematic literature reviews (SLRs) and network meta-analyses 
(NMAs) have examined the relative efficacy of the numerous 
acne treatments.8,10-12 Two were specific to patients with mild-
to-moderate acne,10,11 and the other 2 included patients with any 
severity of acne.8,12  No SLR/NMA has specifically addressed 
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bias and uncertainty in estimates.8 The full inclusion/exclusion 
criteria are provided in the Appendix S2. 

Treatments
We considered the following treatments based on AAD 
guidelines19:

• Monotherapy:
-  Topical (BPO, antibiotic, or retinoid)
- Oral (antibiotic, retinoid, spironolactone, or

contraceptive)
• Combination treatment:

- Topical combinations
- Topical triple-agent fixed-dose combination (FDC) gel
- Topical double-agent FDCs
- Pharmacologic + physical treatment
- Topical + oral treatment
- Other combinations

• Physical treatment:
- Chemical peels
- Comedone extraction
- Photothermal therapy
- Photochemical therapy
- Photothermal + photochemical therapy
- Photodynamic therapy
- Photopneumatic therapy
- Radiofrequency therapy

• Other treatments
- Combined oral contraceptives
- Metformin20

Outcomes
As per regulatory guidance,15,16 efficacy outcomes were based 
on both quantitative and qualitative evaluation of acne. Hence, 
we included 3 outcomes: percentage of patients who achieved 
≥2-grade reduction from baseline and “clear” or “almost clear” 
in IGA/EGSS/ISGA (“treatment success”); absolute change 
from baseline in inflammatory lesion counts (“ILs reduction”); 
and absolute change from baseline in noninflammatory lesion 
counts (“NILs reduction”).

Citation Screening Process
We double-screened publications against eligibility criteria 
at 2 stages: title/abstract screening and full-text screening.  
A senior author resolved any disagreements. We used EndNote 
20 (Clarivate, London, UK) to manage citations from search 
results, DistillerSR (DistillerSR Inc, Ottawa ON) for removing 
duplicates and screening citations, and MS-Excel (Microsoft 
Corporation, Redwood WA) for data extraction.

Data Extraction
We structured the data extraction form based on the format and 
guidelines used in Cochrane treatment reviews.21-23   We extracted 
intention-to-treat data, or completer data only if intention-to-

patients with moderate-to-severe acne, despite this subgroup 
bearing a greater disease and economic burden.8,13  The 
purpose of this SLR/NMA was to evaluate the relative efficacy 
of available treatments for moderate-to-severe acne.

 MATERIALS AND METHODS
Search Strategy
We searched the following literature databases (Figure 1): 
Ovid (MEDLINE), Ovid (EMBASE), Cochrane Central, PubMed, 
the National Health Service Economic Evaluation Database 
(NHSEED), and the Pediatric Economic Database Evaluation 
(PEDE). We searched the following health technology assessment 
databases: National Institute for Health and Care Excellence 
(NICE), the Canadian Agency for Drugs and Technologies 
in Health (CADTH), Haute Autorité de Santé (HAS), the 
Pharmaceutical Benefits Advisory Committee (PBAC), Scottish 
Medicines Consortium (SMC), and the International Network 
of Agencies for Health Technology Assessment (INAHTA). We 
also searched trial registries (clinicaltrials.gov and EU Clinical 
Trials Register) and conference abstracts (American Academy of 
Dermatology [AAD], International Society of Dermatology [ISD], 
International Society for Pharmacoeconomics and Outcomes 
Research [ISPOR], and Northern Light Life Sciences). All 
searches spanned from inception until February 2023. We also 
screened citations in previously published SLRs and NMAs and 
cross-verified using Retraction Watch Database Version 1.0.6.0 
for studies retracted due to compromised methodology.14 The 
MeSH and EMTREE terms used for conducting the search, 
along with the search strategy, are provided in Appendix S1. (All 
appendices are available at: https://jddonline.com/wp-content/
uploads/2024/03/M8148_Supplementary-data_JDD.pdf.)

Study Selection
Population
The SLR/NMA included studies based on a quantitative and 
qualitative approach to lesion counts and global assessment 
of acne severity. The US Food and Drug Administration (FDA) 
guidance15 recommends using diagnostic scales for new drug 
approvals that encompass numbers and types of acne lesions as 
well as disease severity, such as Investigator’s Global Assessment 
(IGA) and equivalent scales like Evaluator’s Global Severity Scale 
(EGSS) and Investigator’s Static Global Assessment (ISGA).16 As 
the first scale, (IGA) was described by the FDA in 200517; studies 
published prior to 2005 did not use these scales and hence were 
excluded. We included studies with male and female patients 
aged ≥9 years, diagnosed with moderate-to-severe facial acne 
(IGA/EGSS/ISGA: 3 [moderate] or 4 [severe]) at baseline. We 
excluded treatments with only a single randomized, controlled 
trial (RCT) because drug development for acne typically uses 
at least 2 RCTs.18  The SLR/NMA included RCTs (phase 2, phase 
3, parallel, or cross-over) and pooled studies (if the primary 
publication was not available). We included English-language 
RCTs with ≥50 patients in each arm, to minimize small sample 
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 RESULTS
We screened 3417 records, assessed 1022 reports, and included 
104 publications in the SLR. The reasons for exclusion are shown 
in Figure 1. We also identified 333 reports from other methods 
and included 2 non-duplicate publications from these methods 
in the SLR. From these publications, 85 RCTs met the inclusion 
criteria for the NMA.

Feasibility Assessment
The NMA included RCTs that used IGA/ISGA/EGSS scales, 
based on the assumption that the efficacy measured using 
these scales would be similar (refer to Appendix S9 and S10 for 
a list of included/excluded trials). Random-effects meta-analysis 
confirmed there was no statistically significant variability for 
treatment success across IGA/EGSS/ISGA scales (Appendix S3), 
justifying this approach. There was no statistically significant 
difference in effect sizes between vehicle and placebo groups, 
supporting the use of a single placebo/vehicle group in the NMA. 

We observed significant differences in the baseline 
characteristics, especially in terms of gender and the percentage 
of patients with moderate severity. These variations were 
apparent both among different studies (Appendix S11) and 
within and between the treatment groups (Appendix S12). 
The mean age was approximately 20 years in most studies 
(Appendix S13) and exhibited minimal variation across studies. 

We conducted a rapid review and meta-regression to find 
potential effect modifiers. A rapid review found conflicting 
evidence regarding the potential effects of age and sex as 
modifiers (Appendix S14). Body mass index, severity of disease, 
and family history were identified as potential treatment effect 
modifiers (Appendix S15). Meta-regression revealed statistically 
significant effects (P value P<0.05) of acne severity and duration 
of treatment for all 3 outcomes. 

Model Fit
We chose the RSFC for each outcome based on the adequate fit 
of the posterior residual deviance and DIC (Appendix S16). 

Treatment Success
Across 48 RCTs reporting treatment success (Appendix S17), 46 
were multicenter studies and 28 were phase 3 trials (Appendix 
S13). The network diagram had 12 treatments (Figure 2A) and the 
number of patients ranged from 108 to 2,813 per study. Treatment 
characteristics and treatment success for included RCTs are 
listed in Appendix S17. The top 3 treatments for treatment 
success were: (1) topical triple-agent FDC gel (clindamycin 
phosphate 1.2%/adapalene 0.15%/benzoyl peroxide 3.1%34); (2) 
combinations of double-agent FDC topical treatments with oral 
antibiotic (TOA3); and (3) topical retinoid/BPO FDC (TFDCRB2). 
For these 3 treatments, log-odds ratios (95% CrI) compared with 
vehicle/placebo were 1.84 (1.36–2.29), 1.69 (1.01–2.32), and 1.36 

treat data were not available. We extracted data based on study 
characteristics, outcomes, adverse events, tolerability, and 
acceptability.

Base-Case Model
We conducted feasibility assessments for each outcome 
(Appendix S3).24-26 Under the assumption that treatments within 
a group exhibit equivalent efficacy, we considered 2 models: 
one with random study effects and fixed class effects (RSFC), 
and another with fixed study effects and fixed class effects 
(FSFC). Treatment duration was considered as a covariate in 
this analysis, and the Deviance Information Criterion (DIC) 
and posterior residual deviance were used to identify the 
best-fitted model.27 We ranked treatments with posterior rank 
plots and surface under cumulative ranking (SUCRA) values. 
We presented relative treatment effects in pairwise analyses 
as a log-odds ratio with a 95% credible interval (95% CrI) for 
binary outcomes and mean difference (95% CrI) for continuous 
outcomes (Appendix S4). 

Inconsistency
We compared a base-case model that assumed consistency 
and a global inconsistency model that assumed unrelated 
mean effects (UME)28 (Appendix S5). This comprehensive 
approach allowed us to identify data points that might drive 
inconsistencies.28

Bias Adjustment Model
We used bias adjustment models to account for bias in each 
domain of the Cochrane Risk of Bias Tool (V2.0).29 We down-
weighted studies with high or unclear risk of bias to mitigate the 
impact on overall results (Appendix S6 and S7).

Threshold Analysis
We conducted study-level threshold analysis30 as an alternative 
to the GRADE system to assess the influence of the study 
biases and sampling variation on the NMA results. The analysis 
addressed the question, “To what extent would the evidence 
need to be altered for the recommendation to change?” 
(Appendix S8). Threshold analysis determines the amount of 
evidence necessary to change the confidence in the efficacy 
estimate, accounting for biases and sampling variation. This 
analysis also provides insights into the robustness, stability, and 
reliability of efficacy estimates when facing data changes that 
could impact threshold values.

Protocol
We registered the study protocol in the International Prospective 
Register of Systematic Reviews (PROSPERO) (Registration id 
CRD42023430668). This report follows the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guideline31 and its extensions for reporting SLRs (PRISMA-S)32 

and NMAs (PRISMA-NMA).33
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(1.12–1.58), respectively (Figure 3A). Posterior ranks (95% CrI) 
were 1.49 (1–3), 2.28 (1–6), and 3.82 (2–6), respectively (Figure 
4A) (Appendix S18). SUCRA probabilities were 96%, 88%, and 
74%, respectively (Figure 5A). 

Inflammatory Lesions Reduction
Across 50 RCTs reporting ILs reduction (Appendix S17), 47 were 
multicenter studies and 27 were phase 3 trials (Appendix S13). 
The network diagram had 12 treatments (Figure 2B), and the 
number of patients ranged from 107 to 2,813 per study. The top 
3 treatments for ILs reduction were: (1) TOA3; (2) topical triple-
agent FDC gel; and (3) topical antibiotic/BPO FDC (TFDCAB2). 
For these 3 treatments, mean (95% CrI) differences vs placebo/
vehicle were –10.40 (–13.44 to –7.41), –8.21 (–10.33 to –6.13), and 
–6.62 (–8.27 to –4.95), respectively (Figure 3B). Posterior ranks

(95% CrI) were 1.17 (1–2), 2.11 (1–3), and 3.32 (2–5), respectively 
(Figure 4B) (Appendix S18). SUCRA values were 98%, 90%, and 
79%, respectively (Figure 5B).

Noninflammatory Lesions Reduction
Across 46 RCTs reporting NILs reduction (Appendix S17), 43 
were multicenter studies and 27 were phase 3 trials (Appendix 
S13). The network diagram had 12 treatments (Figure 2C), and 
the number of patients ranged from 107 to 2,813 per study. The 
top 3 treatments for NILs reduction were: (1) TOA3; (2) topical 
triple-agent FDC gel; and (3) TFDCRB2. For these 3 treatments, 
mean (95% CrI) differences vs placebo/vehicle were –17.74 
(–22.56 to –12.85), –13.41 (–16.69 to –10.32), and –9.79 (–11.97 
to –7.65), respectively (Figure 3C). Posterior ranks (95% CrI) 
were 1.08 (1–2), 1.96 (1–3), and 3.34 (3–5), respectively (Figure 

FIGURE 1. Study selection process (PRISMA flowchart).

AAD, American Academy of Dermatology; CADTH, Canadian Agency for Drugs and Technologies in Health; HAS, Haute Autorité de Santé; INAHTA, International Network of Agencies for Health 
Technology Assessment; ISD, International Society of Dermatology; ISPOR, International Society for Pharmacoeconomics and Outcomes Research; NHS EED, National Health Services Economic 
Evaluation Database; NICE, National Institute for Health and Care Excellence; PBAC, Pharmaceutical Benefits Advisory Committee; PEDE, Pediatric Economic Database Evaluation; SMC, Scottish 
Medicines Consortium.
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4C) (Appendix S18). SUCRA values were 99%, 91%, and 79%, 
respectively (Figure 5C). 

Inconsistency and Bias-adjustment Model
The UME model demonstrated no meaningful differences 
between estimates of RSFC consistency and inconsistency 
models (Appendix S19). There were no meaningful differences in 
estimates of RSFC and bias adjustment models (Appendix S20), 
indicating the robustness of estimates in base-case models.

Threshold Analysis
Threshold analysis for all 3 efficacy outcomes indicated that, 
in most instances, uncertainty surrounding results (illustrated 
by 95% CrI) was contained within the range where efficacy 
estimates were expected to remain consistent (Appendix S21). 
This supported the robustness and stability of the results of 
the efficacy analyses and treatment rankings, as most of the 
observed data fell within the predetermined acceptable range 
for decision-making. Threshold analysis highlighted that the 
decision was sensitive to bias adjustments for treatment 
success in only 2 studies35,36 and for ILs reduction in only 4 
studies.37-40 Threshold analysis also demonstrated robustness 
to bias adjustments in most of the studies with wide, invariant 
intervals.

Safety and Tolerability
SLR showed that the topical triple-agent FDC gel was tolerated 
well (Appendix S22), with low rates of discontinuation due to 
treatment-emergent adverse events (2.8%). Double-agent FDCs 
had a higher proportion of patients with treatment-related 
adverse events (nearly 32%). Topical triple-agent FDC gel 
had a better safety and tolerability profile with lower burning 
(4.4%) and stinging cases (2.1%) than topical double-agent FDC 
(adapalene/BPO) FDC, which had a greater incidence of burning 
(5.5%) and stinging (4.1%). Furthermore, no scaling, itching, and 
erythema were reported in patients applying topical triple-agent 
FDC gel. Although combinations of topical double-agent FDCs 
with oral antibiotics had less frequent adverse events (26.3%), 
the side effects were more systemic in nature. 

 DISCUSSION
Our analysis showed that for treatment success outcomes, 
topical triple-agent FDC gel was superior to all treatments. 
TOA3 was numerically superior to topical triple-agent FDC gel 
in reducing ILs and NILs. There was a 90% or greater likelihood 
that topical triple-agent FDC gel was the most efficacious 
treatment for each outcome. Collectively, these findings suggest 
that adding an oral antibiotic to topical double-agent FDC gel 
does not offer significant benefits compared with topical triple-
agent FDC gel. The use of the topical triple-agent FDC gel makes 
it possible to reduce the need for oral antibiotics, thereby 
minimizing the risk of antibiotic resistance.41 

Oral antibiotics, topical antibiotics, topical retinoids, and topical 
BPO as monotherapies had similar efficacy in reducing ILs. Oral 
antibiotics as monotherapy appeared efficacious compared 
with topical monotherapies in reducing ILs. However, topical 
retinoids demonstrated significantly greater efficacy for NILs, 
while oral antibiotics alone were deemed inadequate. Topical 
and oral antibiotics were less efficacious than other topical 
monotherapies, while oral contraceptives were comparable 
to topical double-agent FDC for treatment success outcomes. 
Overall, monotherapies of oral antibiotic or topical treatments 
ranked lower than combined treatments in terms of efficacy. 
Physical therapies appeared more successful in reducing ILs 
compared with NILs. 

Across all outcomes, an oral antibiotic was more efficacious 
when given with topical treatment rather than as monotherapy; 
but adding an oral antibiotic to topical therapy introduces safety 
and tolerability concerns. Our SLR found that when treatments 
are combined, major adverse events are generally due to the 
oral antibiotic, not the topical therapy. Systemic antibiotics for 
the treatment of moderate-to-severe acne, such as tetracyclines 
or macrolides, have contraindications, adverse events, and the 
potential for increased antibiotic resistance.5-8 These adverse 
consequences are bypassed when the antibiotic is administered 
topically. The anti-inflammatory properties of topical clindamycin 
can also provide a moderating effect on the cutaneous safety 
and tolerability of adapalene and BPO,42 which may explain why 
our SLR found a lower incidence of adverse events/tolerability 
issues such as burning and stinging for topical triple-agent 
FDC gel compared with double-agent FDC gel. The efficacy and 
safety of topical triple-agent FDC gel may also be attributed to a 
polymeric gel formulation of the vehicle that provides a uniform 
distribution of ingredients, a combination of active ingredients, 
or both.42

Shi et al reported that combining topical retinoids with BPO 
was the best option, followed by topical antibiotics and BPO, 
for mild-to-moderate acne.11 Stuart et al found that adapalene 
with BPO was the most efficacious for mild-to-moderate acne;10 
but their study did not consider several treatments, such as 
tazarotene, trifarotene, and clascoterone. Mavranezouli et al 
measured efficacy based on the percentage change in total 
lesion counts for moderate-to-severe acne.43 Consistent with 
our findings, that study demonstrated that topical FDCs and 
combinations of oral antibiotics with topical double-agent FDC 
are efficacious for moderate-to-severe acne. Also in line with our 
findings, Huang et al concluded that topical triple-agent FDC gel 
and TOA3 were efficacious, but they did not focus on moderate-
to-severe acne and they included only pharmacological 
treatments.12 That study also used the frequentist method, 
whereas our study used the more robust Bayesian framework. 
Both Huang et al and Mavranezouli et al found that oral retinoids 
are the most efficacious treatment for reducing ILs and NILs. 
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Oral isotretinoin is efficacious for severe acne with scarring,44 
but its adverse event profile and teratogenicity require specially 
trained prescribers and close monitoring.5-8 No RCTs of oral 
retinoids met the inclusion criteria for our study, which included 
RCTs published through February 2023 with both quantitative 
and qualitative clinician assessments of efficacy, per the FDA 
guidance.15 We also included studies of both pharmacological 
and non-pharmacological treatments for the treatment of 
moderate-to-severe facial acne.

A primary advantage of our study was the study-level threshold 
analysis for all 3 outcomes, representing an approach that had 
not been explored previously in the field. We also conducted 
an end-to-end feasibility analysis of the depth and rigor of our 
research. The NMA included a broad range of acne treatments 
and a larger number of RCTs, which is expected to bring 
significant heterogeneity. We conducted a comprehensive 
feasibility assessment to identify variability in trial and baseline 
characteristics within and between treatment groups. We 

FIGURE 2. Network plots of included studies. (A) Proportion of patients with ≥2 grade reduction from baseline and “clear” or “almost clear” skin. 
(B) Absolute change in inflammatory lesions. (C) Absolute change in noninflammatory lesions.

The width of each line connecting 2 treatments (nodes) is proportional to the number of head-to-head studies for that comparison. 
BPO, benzoyl peroxide.

(A)      (B)

(C)
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FIGURE 3. League tables for indirect pairwise comparisons. (A) Proportion of patients with ≥2 grade reduction from baseline and “clear” or 
“almost clear” skin; log-odds ratios (95% CrI). (B) Absolute change in inflammatory lesions; mean (95% CrI) differences. (C) Absolute change in 
noninflammatory lesions; mean (95% CrI) differences.

Results are presented as row vs column. Values in cells represent estimated log-odds ratios and mean differences with their 95% credible intervals (95% CrI). All values in bold are statistically signifi-
cant at the 0.05 significant level. 
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FIGURE 4. Posterior rank analysis. (A) Proportion of patients with ≥2 grade reduction from baseline and “clear” or “almost clear” skin. (B) 
Absolute change in inflammatory lesions. (C) Absolute change in noninflammatory lesions. 
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FIGURE 5. Surface under cumulative ranking plots. (A) Proportion of patients with ≥2 grade reduction from baseline and “clear” or “almost clear” 
skin. (B) Absolute change in inflammatory lesions. (C) Absolute change in noninflammatory lesions. 
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conducted meta-regression to identify potential treatment 
effect modifiers, which we then used to select covariates in 
the NMA. We also used class models to improve the precision 
of treatment effects and connect previously unconnected 
networks, expanding the evidence base. 

Limitations
Our study excluded articles in languages other than English, 
but this has not been shown to bias the results of SLR/NMA.45 
Due to the limited number of studies available, we were 
unable to analyze specific dosing schedules or formulations 
separately. During the feasibility assessment, we observed that 
the proportion of patients with moderate acne might influence 
treatment outcomes, but 31% of studies did not report this 
proportion at baseline. Thus, we could not perform network 
meta-regression to account for this potential effect modifier. 
Differences in study characteristics and geographical locations 
might have acted as effect modifiers, introducing heterogeneity 
into the analysis. Results for some treatments were based on 
limited evidence and network connections. Nevertheless, a 
study-level threshold analysis demonstrated the robustness 
of the NMA results against all influences from study bias and 
sampling variation.

 CONCLUSION
In conclusion, this NMA synthesized data from a wide range 
of treatments for moderate-to-severe acne vulgaris. Topical 
triple-agent FDC gel was the most efficacious treatment based 
on the treatment success outcome, surpassing both topical/
oral monotherapies and topical double-agent fixed-dose 
combinations.
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