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Background: Triamcinolone acetonide (TAC) is used frequently in the treatment of keloid
scars, but has presented controversial results. In this study, we aim to evaluate the effectiveness
of TAC compared with other common therapies used in keloid treatment.

Methods: MEDLINE, Embase, Web of Science and the Cochrane Library databases were
searched until January 2018. Key data were extracted from eligible randomized controlled
trials. Both pairwise and network meta-analyses were conducted for synthesizing data from
eligible studies.

Results: Ten randomized controlled trials were included in this meta-analysis. The relative
risk of keloids associated with seven adjuvants was analyzed, including placebo, pulsed dye
laser (PDL), 5-fluorouracil (5-FU), silicone, verapamil, TAC+5-FU and TAC+5-FU+PDL.
Patients treated with the following adjuvants appeared to not have significantly reduced risk
of keloid in relation to those treated with TAC: placebo (OR=1.86, 95% CI 1.12-2.61), PDL
(OR=1.32, 95% CI 0.53-3.30), 5-FU (OR=1.13, 95% CI 0.48-2.68), silicone (OR=1.28,
95% CI 0.59-2.78), verapamil (OR=1.86, 95% CI 0.67-5.14), TAC+5-FU (OR=0.77, 95% CI
0.38-1.58) and TAC+5-FU+PDL (OR=0.80, 95% CI 0.16—4.03). The surface under the cumu-
lative ranking curve values for each adjuvant were as follows: TAC, 59.9%; placebo, 17.4%;
PDL, 46.3%; 5-FU, 48.9%; silicone, 56.2%; verapamil, 84.7%; TAC+5-FU, 68.5% and
TAC+5-FU+PDL, 18.1%.

Conclusion: There were no differences between the efficacy of TAC and other common
therapies in keloid treatment. TAC also acts as an effective alternative modality in the preven-
tion and treatment of keloids. Incorporating adjuvants particularly verapamil appeared to be
significantly associated with a decreased risk of keloids.

Keywords: keloid, triamcinolone acetonide, randomized controlled trial, network

meta-analysis

Introduction

Keloids are caused by the uncontrolled deposition of collagen and glycosaminoglycans
around the wounds on the dermal dermis of the skin.! During wound healing, the balance
between the anabolic and catabolic effects of collagen is destroyed due to various causes
forming a pathological scar.>* Keloids are caused by the proliferation of fibrogenic cells
and the formation of large extracellular matrix, and their development is characterized
by excessive collagen synthesis and deposition.* Keloids can bring psychological and
physical pain to patients from the aspect of appearance and body function. In severe
cases, keloids even affect the self-confidence of patients leading to inferiority complex.*
Therefore, in the burn trauma, plastic surgery and dermatology department, keloid is
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the focus of high clinical attention. Although drugs and treat-
ments are currently available for keloids, there are enormous
challenges in their prevention and treatment, and there is no
satisfactory universal treatment for all keloids.®

Corticosteroids are highly bioactive substances secreted
by the adrenal cortex through tissue fluid and blood, which
play a powerful role in physiological regulation.® Most of
them are hormones, such as glucocorticosteroids and sex
hormones. They have anti-inflammatory, anti-allergy, anti-
drug, anti-nuclear fission and other effects, and their role is
strong and lasting.”” Corticosteroids are most commonly
used as injections in the early stage of the maturation phase,
and intralesional injection of the corticosteroid triamcinolone
acetonide (TAC) is one of the first-line treatment modalities
for keloid treatment. '

The use of TAC in keloid treatment is commonplace.
Wong et al found TAC therapy reduces the incidence of
keloids among patients.!" However, the efficacy of TAC has
not been compared with other common therapies efficacious
in treating keloids. Therefore, to determine the efficacy and
safety of TAC in keloid treatment compared to other common
therapies, we conducted a network meta-analysis based on
randomized controlled trials.

Methods

Search strategy

Eligible studies were systematically searched in MEDLINE,
Embase, Web of Science and the Cochrane Library databases
until January 2018 with keywords including “Keloid” [MeSH]
OR “Acne Keloid” [MeSH] OR “Hypertrophic” [MeSH] OR
“Scar” [MeSH] AND “triamcinolone acetonide” [MeSH]
OR “Corticosteroids” [MeSH] OR “steroids” [MeSH] AND
“Randomized Controlled Trial” [MeSH].

Inclusion criteria

The studies that met the following inclusion criteria were
included in the meta-analysis: (1) the study must have
included keloid patients; (2) the relationship between TAC
and keloid must have been studied; and (3) the study must
be a randomized controlled trial.

Statistical analysis

We conducted a network meta-analysis (Bayesian approach)
which included both direct and indirect evidence in the
network. Adjuvants were ranked based on the surface under
the cumulative ranking curve (SUCRA) values. One adjuvant
is more preferable than the other if it has a larger SUCRA
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Figure | Flow diagram of the study selection process.
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value. Small study effects or publication bias were visually
inspected using the funnel plots.

Results

Literature search results

A total of 1,005 studies from MEDLINE, 1,127 studies
from Embase and 1,074 studies from Web of Science were
selected. After removing duplicates, 1,066 studies were
identified. After reviewing their titles and abstracts, 1,029
citations were excluded. The remaining 37 citations were
assessed in more detail for eligibility by reading the full text.
Among them, one study was excluded due to no relevant
outcome measure, 11 studies were excluded due to insuf-
ficient network connections and eight studies were excluded
due to lack of detailed information. Finally, 10 studies
were used for the final data synthesis.'>*' The flowchart of
literature search is presented in Figure 1, and the risk of bias
of eight studies included in this meta-analysis is summarized
in Figure 2. The characteristics of the included studies are
shown in Table 1, with the pattern of evidence within the
network displayed in Figure 3.

Results of pairwise meta-analysis

Table 2 displays the results produced by pairwise meta-
analysis. Patients treated with the following seven adjuvants
appeared to not have significantly reduced risk of keloids
in relation to those treated with TAC: placebo (OR=1.86,
95% CI 1.12-2.61), pulsed dye laser (PDL; OR=1.32,95%
CI 0.53-3.30), 5-fluorouracil (5-FU; OR=1.13, 95% CI
0.48-2.68), silicone (OR=1.28, 95% CI 0.59-2.78), vera-
pamil (OR=1.86,95% CI 0.67-5.14), TAC+5-FU (OR=0.77,
95% CI 0.38-1.58) and TAC+5-FU+PDL (OR=0.80,
95% CI 0.16-4.03). Patients treated with the following
adjuvants appeared to have a significantly reduced risk
of keloids in relation to those treated with placebo: PDL
(OR=0.34, 95% CI 0.27-0.43), 5-FU (OR=0.37, 95% CI
0.26-0.52), silicone (OR=0.40, 95% CI 0.29-0.54) and
TAC+5-FU (OR=0.49, 95% CI 0.28-0.85). Moreover,
there was no significant heterogeneity among studies for the
abovementioned significant results (P-heterogeneity>0.05
and 2<50%).

Network meta-analysis

Table 3 displays the results produced by network meta-
analysis. Patients treated with the following seven adjuvants
appeared to have a significantly reduced risk of keloids
in relation to those treated with placebo: TAC (OR=0.08,
95% CI 0.00-0.18), PDL (OR=0.30, 95% CI 0.06-0.55),
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5-FU (OR=0.32,95% CI 0.05-0.78), silicone (OR=0.20, 95%
CI 0.01-0.40), verapamil (OR=0.23, 95% CI 0.01-0.46),
TAC+5-FU (OR=0.12, 95% CI 0.01-0.24) and TAC+5-
FU+PDL (OR=0.46, 95% CI1 0.27-0.77).

The corresponding SUCRA values are presented in
Figure 4. The adjuvants were ranked based on SUCRA values
as follows: TAC, 59.9%; placebo, 17.4%; PDL, 46.3%; 5-FU,
48.9%; silicone, 56.2%; verapamil, 84.7%; TAC+5-FU,
68.5%; and TAC+5-FU+PDL, 18.1%. Incorporating adju-
vants particularly verapamil appeared to be significantly
associated with a decreased risk of keloids.

Publication bias

The result of the comparison-adjusted funnel plots did not
reveal any evidence of apparent asymmetry (Figure 5).
No significant publication bias was observed.
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Figure 3 Network of randomized controlled trials comparing different adjuvant
therapies for keloid treatment.

Notes: The thickness of the connecting lines represents the number of trials between
each comparator, and the size of each node corresponds to the number of subjects
who received the same pharmacological agent (sample size). (A: TAC; B: placebo;
C: PDL; D: 5-FU; E: silicone; F: verapamil; G: TAC+5-FU; H: TAC+5-FU+PDL).
Abbreviations: TAC, triamcinolone acetonide; PDL, pulsed dye laser; 5-FU,
5-fluorouracil.

Discussion

Objective and reliable clinical evaluation methods and pre-
vention and control measures for scars are still a hot issue.
Most of the scar treatments have achieved good results in the
past 20 years, but few have been supported by prospective
surveys in the control group, and some of them even lack
safety data. Many new therapies have shown early effects

in small-sample trials, but these effects have not been
confirmed with long-term follow-up and large samples.
In recent years, the understanding of wound healing and
scar formation has deepened. The accumulation of a great
deal of clinical experience in scar treatment, and the research
and application of new preparations and new treatment
methods, especially the emerging technologies, have sub-
verted some traditional treatment concepts and thus require
the establishment of safe and effective standardized scar
management protocols that can be used in routine clinical
practice to guide clinical treatment.”>** The mechanism of
scar formation is not fully understood, but the relevant cog-
nitive exploration in micro and macro aspects is ongoing.
The whole process of scar formation involves not only micro
cells (fibroblasts, myofibroblasts, mast cells, neutrophils,
etc.) but also cytokines (transforming growth factor beta,
tumor necrosis factor alpha, vascular endothelial growth
factor, etc.), extracellular matrix components (collagen
metabolism and arrangement of arrhythmia, the change in
glycosaminoglycan interactions) and organization space
structure (space regulation network of repair cells formed
between the three dimensions).?2¢ Surgical procedures are
not the best choice for keloid management as the recurrence
rate is high. As alternatives to the use of corticosteroids,
chemotherapeutic agents, verapamil, silicone gel tablets and
cryotherapy have become important, particularly in patients
with high recurrence rates after surgery.!® Khansa et al per-
formed a meta-analysis and showed silicone gel, PDL, TAC
and 5-FU had high efficacy in improving keloids.”” However,
which common therapy was the most effective in improving

keloids was unknown.

Table 2 Summary ORs of TAC and heterogeneity for each direct comparison

Comparison OR (95% CI) P-heterogeneity ? 7
Placebo vs TAC 1.86 (1.12-2.61) 0.697 <0.01% <0.001
PDL vs TAC 1.32 (0.53-3.30) 0.286 20.7% 0.112
5-FU vs TAC 1.13 (0.48-2.68) 0.723 <0.01% 0317
Silicone vs TAC 1.28 (0.59-2.78) 0.790 <0.01% 0.713
Verapamil vs TAC 1.86 (0.67-5.14) 0.211 29.9% 0.541
TAC+5-FU vs TAC 0.77 (0.38-1.58) 0.160 37.0% 0.759
TAC+5-FU+PDL vs TAC 0.80 (0.16—4.03) 0.146 35.4% 0.951
PDL vs placebo 0.34 (0.27-0.43) 0.814 <0.01% <0.001
Silicone vs placebo 0.40 (0.29-0.54) 0.660 <0.01% <0.001
5-FU vs placebo 0.37 (0.26-0.52) 0.620 <0.01% <0.001
TAC+5-FU vs placebo 0.49 (0.28-0.85) - - <0.001
5-FU vs PDL 1.45 (0.42-5.00) 0.303 17.6% 0.951
TAC+5-FU vs PDL 1.25 (0.42-3.67) - - 0.899
Silicone vs 5-FU 0.86 (0.30-2.41) - - 0.691
TAC+5-FU vs 5-FU 0.60 (0.24-1.49) - - 0.644
TAC+5-FU+PDL vs TAC+5-FU 1.09 (0.39-2.97) - - 0.926
Notes: Bold values indicate P<<0.05. “- * indicates data not available.

Abbreviations: TAC, triamcinolone acetonide; PDL, pulsed dye laser; 5-FU, 5-fluorouracil.
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TAC+5-FU+PDL
11.0 (1.38,21.0
0.25 (0.01, 6.80

28.0 (4.50, 49.0)
0.73 (0.07, 8.50)
2.40 (0.20, 26.0)

TAC+5-FU

17.0 (5.50, 25.0)
5.10 (0.10, 29.0)
1.50 (0.23, 9.20)
2.00 (0.12, 35.0)
029 (0.12, 4.70)

Verapamil

21.0 (4.90, 34.0)
2.60 (0.05, 15.0)
8.11 (0.16, 39.0)

Silicone

27.0 (5.90, 57.0)
0.02 (0.01, 2.80)
0.40 (0.01, 42.0)

TAC

10.0 (1.30, 39.0)
2.40 (0.01, 28.0)

5-FU

520 (1.15,9.61)

PDL

0.30 (0.06, 0.55)
0.32 (0.05, 0.78)
0.08 (0.00, 0.18)
0.20 (0.01, 0.40)
0.23 (0.01, 0.46)
0.12 (0.01, 0.24)
0.46 (0.27, 0.77)

Placebo

Table 3 Network meta-analysis comparisons

Comparison

Placebo
PDL

0.88 (0.03, 23.0

0.19 (0.01, 22.0)
2.20 (0.12, 20.0)
650 (0.32, 16.0)

5-FU
TAC

0.38 (0.01, 29.0

1.10 (0.07, 8.00)
2.90 (0.33, 24.0)

120 (0.03, 23.0)

0.40 (0.02, 8.50)
2.80 (0.02, 23.0)

0.69 (0.11, 4.20)

1.10 (0.04, 20.0
0.53 (0.03, 11.0

120 (0.03, 23.0)
2.00 (0.12, 35.0)

Silicone

1.60 (0.25, 11.0)

530 (0.24, 26.0)
0.34 (0.04, 2.70)
0.93 (0.04, 25.0)

1.10 (036, 11.0)
530 (0.30, 19.0)
2.10 (0.03, 31.0)

Verapamil

PRy

0.65 (0.10, 3.80) 0.37 (0.02, 4.60

1.10 (0.07, 8.00)
0.38 (0.01, 29.0)

0.43 (0.04, 5.10)

TAC+5-FU

2.50 (0.18, 46.0)

1.80 (0.10, 41.0)

1.10 (0.03, 37.0)

TAC+5-FU+PDL

Note: Data presented as OR (95% Cl).

Abbreviations: PDL, pulsed dye laser; 5-FU, 5-fluorouracil; TAC, triamcinolone acetonide.

This network meta-analysis attempted to evaluate the
effectiveness of TAC compared with other common therapies
used in keloid treatment. Our analysis suggests that vera-
pamil is potentially more preferable than other adjuvants.
Verapamil has been used as a coronary dilator since 1962. In
the recent years, it has been used for the treatment of hyper-
tension, angina, arrhythmia, cerebrovascular disease, finger
vasospasm, abdominal pain, esophageal delaying, migraine
and pulmonary hypertension and to prevent preterm birth.
In 1997, Dong et al first reported the treatment of keloids
with calcium channel blocker verapamil, which immediately
attracted the attention of clinicians.?® After 1997, attempts
have been made to identify and treat keloid patients with
verapamil. Verapamil has been shown to increase procolla-
genase synthesis in normal cultured fibroblasts. It also leads
to the depolymerization of actin, cell conformation change
and cell apoptosis, and ultimately leads to the reduction of
fibrous tissue formation.?” Boggio et al confirmed 50 uM
verapamil was effective in wound healing, and it can also
avoid the development of keloids and hypertrophic scars
after plastic surgery.*

As suggested by the SUCRA ranking scheme, TAC+5-FU
was ranked behind verapamil. 5-FU is an anti-pyrimidine
drug. It has to be enzymatically converted to 5-fluorode-
oxyuridine nucleotides and exhibits antitumor activity.*'*?
The action of this enzyme may also transfer one carbon unit
of leucovorin to deoxyuridine nucleotide monophosphate for
the synthesis of thymidine monoacid. At the same time, it
also shows some inhibitory effect on the synthesis of RNA.3!
Shin et al found 5-FU was more effective than TAC in keloid
treatment after surgical excision.®

This meta-analysis also has some limitations. The test
result of the corticosteroid therapy showed statistical hetero-
geneity was limited in randomized controlled trials, and
limited evidence of a dose-dependent association between
corticosteroids therapy and keloids, which provides limited
confidence in the findings. Second, there is no record of
keloid patients treated in a standardized manner, which
leads to the difference between the trials; therefore, these
results should be interpreted with caution. Third, study
durations were short in these randomized controlled trials,
and patients included in these trials may be different from
real life. Fourth, these findings may not be generalizable to
a specific group of patients because randomized controlled
trials tend to exclude participants.

Our findings underscore the notion that any common
therapy compared with TAC did not reduce keloid risk.
Verapamil is potentially the most preferable adjuvant in keloid
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Figure 4 SUCRA values, expressed as percentages, ranking the therapeutic effects and safety of treatments for keloids.
Notes: For efficacy and safety assessment, the pharmacological agent with the highest SUCRA value would be the most efficacious and safe treatment (A: TAC; B: placebo;

C: PDL; D: 5-FU; E: silicone; F: verapamil; G: TAC+5-FU; H: TAC+5-FU+PDL).

Abbreviations: SUCRA, surface under the cumulative ranking curve; TAC, triamcinolone acetonide; PDL, pulsed dye laser; 5-FU, 5-fluorouracil.
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Figure 5 Comparison-adjusted funnel plot for the network meta-analysis.

Notes: The red line suggests the null hypothesis that the study-specific effect sizes
do not differ from the respective comparison-specific pooled effect estimates.
Different colors represent different comparisons (A: TAC; B: placebo; C: PDL; D:
5-FU; E: silicone; F: verapamil; G: TAC+5-FU; H: TAC+5-FU+PDL).
Abbreviations: TAC, triamcinolone acetonide; PDL, pulsed dye laser; 5-FU,
5-fluorouracil.

treatment. In the future, large-scale trials must be performed
to validate the risk identified in the current meta-analysis.
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