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Abstract: Keloid scars are difficult to manage and remain a therapeutic challenge. Corticosteroid
therapy alone or ionising radiation (radiotherapy) alone or combined with surgery are first-line treat-
ments, but the scientific justification for these treatments is unclear. The aim of this systematic review
and meta-analysis of randomised controlled trials (RCTs) is to assess the effects of intralesional corti-
costeroid injection in treating keloids or preventing their recurrence after surgical removal. Searches
for RCTs were conducted through the MEDLINE, EMBASE, EBSCO and Cochrane databases from
January 1974 to September 2017. Two authors independently reviewed study eligibility, extracted
data, analysed the results, and assessed methodological quality. Sixteen RCTs that included more
than 814 patients were scrutinised. The quality of evidence for most outcomes was moderate to high.
In 10 RCTs, corticosteroid intralesional injections were compared with 5-fluorouracil, etanercept,
cryosurgery, botulinum toxin, topical corticosteroid under a silicone dressing, and radiotherapy.
Corticosteroid intralesional injections were more effective than radiotherapy (RR 3.3, 95% CI: 1.4–8.1)
but equipotent with the other interventions. In conjunction with keloid excision, corticosteroid
treatment was compared with radiotherapy, interferon α-2b and verapamil. In two RCTs, there were
fewer keloid recurrences (RR 0.43, 95% CI: 0.21–0.89) demonstrated with adjuvant radiotherapy
than with corticosteroid injections. More high-quality, large-scale RCTs are required to establish the
effectiveness of corticosteroids and other therapies in keloid management.

Keywords: fibrosing disorders; wound healing; surgery

1. Introduction

Keloid scars are defined as benign outgrowths of fibrous tissue resulting from abnor-
mal wound healing. They have the ability to spread outside the boundaries of an original
lesion [1]. As opposed to normal and hypertrophic scars, keloids persist or continue to
grow [2–4]. Histological examination of keloids has revealed thick collagen fibres and a
prominent fascia-like fibrous band in the upper reticular dermis without contraction of the
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tissue [5]. Epidemiological data indicate that the risk of developing keloids is higher in
individuals with darker skin, those younger than 30 years, and in women, but the relevant
mechanisms are unknown [6,7].

Cosmetic concerns, pain, erythema, pruritus, paraesthesia, and functional impairment
are all symptoms related to keloids [8–10]. Thus, keloids present heavy psychological
effects and impact an individual’s physical quality of life.

There is no single effective treatment for keloids. Surgical resection of keloids without
adjuvant therapy is considered obsolete due to the high recurrence rate [11–13].

Intralesional injection with corticosteroids has been used in the treatment of keloids
since the middle of the 1960s [14–17]. Corticosteroids are also used as adjuncts to surgical
excision to prevent recurrence. Corticosteroid formulae include hydrocortisone acetate,
methylprednisolone, betamethasone, dexamethasone, and triamcinolone acetonide (TAC).
TAC is most commonly used and is typically given (10 to 40 mg/mL) at intervals of four
to six weeks for several months or until the scar is flattened [18–20]. Treatment with corti-
costeroids can cause local and systemic adverse effects, including delayed wound healing,
hypopigmentation, dermal atrophy, telangiectasia, and Cushing’s syndrome [21–24].

Ionising radiation (radiotherapy) is seldom used as a monotherapy but primarily as
an adjuvant to the surgical excision of a keloid substance [25]. The combined intervention
was first described in 1906 and is the preferred first-line treatment today for many clin-
icians [26–29]. Radiotherapy usually starts one to three days postoperatively in weekly
doses of 5 Gray (Gy) up to a total dose of 50 Gy [28]. The radiation sources applied in-
clude superficial X-rays or β-rays, brachytherapy (BT) with β-rays and γ-rays, or electron
beam [30]. Adverse effects are impaired wound healing [31], hyperpigmentation, malig-
nancy, and recurrence [9]. There is also a concern about carcinogenesis associated with
radiotherapy [30], but in a Canadian 10-year retrospective study, none of 96 keloid patients
developed cancer following radiotherapy [32]. Reported recurrence rates after surgery
with adjuvant radiotherapy vary depending on the radiation regimen and the length of
follow-up period [27,33,34].

Other regimens encompass chemotherapeutics (5-fluorouracil (5-FU), mitomycin C, or
bleomycin), imiquimod, interferons, verapamil, and mechanical prevention with pressure
garments. Topical applications of silicone in various forms, intralesional cryotherapy,
and photodynamic therapy have also been advocated [30,35]. The use of stem cells is a
promising new option [36].

Therefore, in this systematic review and meta-analysis, we assess the effects of corticos-
teroids and radiotherapy on keloids and preventing their recurrence after surgical removal
in relation to newer therapies. The collected information is valuable for both clinicians and
policy makers to improve the clinical decision-making process and implementation of the
best treatment practice for keloids.

2. Materials and Methods

We included randomised controlled trials (RCTs) comparing a corticosteroid and/or
radiotherapy with no or with other therapies without surgery or in conjunction with
surgical removal of the keloid scar. The included studies were approved by an ethics
committee and the enrolled patients provided informed written consent.

Patients of any age and skin type with a keloid scar of any aetiology were included. A
keloid was defined as abnormal scarring that extends beyond the original wound borders.

The outcomes were (i) changes in the keloid scar at the end of the study as assessed
by the Vancouver Scar Scale (VSS) [37], the Patient and Observer Scar Assessment Scale
(POSAS) [38], or other clinical or quantitative assessment tools (ruler or volume scans)
in studies without surgery and keloid scar recurrence either as present or absent at the
original surgical scar removal site in studies with surgery; and (ii) adverse events includ-
ing dyspigmentation, atrophy, or ulcers (patients within allocated treatment group with
adverse effects (yes or no)).
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2.1. Search Strategy

Electronic searches were conducted through the MEDLINE, EMBASE, EBSCO, and
Cochrane databases from January 1974 to September 2017. The search terms used are given
in Table 1. The references of published studies were also reviewed.

Table 1. Search strategy.

Number Search Strategy

1 MeSH descriptor: [keloid] explode all trees
2 MeSH descriptor: [cicatrix, hypertrophic] explode all trees
3 (Keloid* or hypertrophic or hypertrophic or cicatrix): ti, ab, kw
4 (“Scar” or “scars” or scarred or scarring): ti, ab, kw
5 1 OR 2 OR 3 OR 4
6 MeSH descriptor: [radiotherapy] explode all trees
7 (Radiotherapy* or “radiation therapy”): ti, ab, kw
8 MeSH descriptor: [adrenal cortex hormones] explode all trees
9 MeSH descriptor: [steroids] explode all trees

10 (Corticosteroid* or “hydrocortisone acetate” or methylprednisolone or dexamethasone
or triamcinolone or steroid* or betamethasone or glucocort*): ti, ab, kw

11 6 OR 7 OR 8 OR 9 OR 10
12 5 AND 11

2.2. Data Collection and Analysis

Data collection and analyses were carried out according to the methods outlined
in the Cochrane Collaboration. For this review, two review authors (W.R. and P.L.D.)
independently assessed the titles and available abstracts of all the studies identified during
the initial search and excluded any irrelevant studies. Then, they independently assessed
the full-paper copies of the reports of potentially eligible studies using the inclusion criteria.
If there were disagreements, these were discussed and resolved between the two authors.
Data were extracted by one review author and checked for accuracy by a second review
author. Additional unpublished data were requested from primary authors and included
when available, but only a fraction of authors responded.

The quality of evidence was assessed by the GRADE (Grading of Recommendations,
Assessment, Development and Evaluations) framework as high, moderate, low, or very
low quality [39]. The evidence was downgraded from high quality by one level for serious
or by two levels for very serious study limitations (risk of bias), indirectness of evidence,
serious inconsistency, imprecision of effect estimates or potential publication bias. Two
review authors (W.R. and P.L.D.) independently assessed the methodological quality and
risk of bias [39].

2.3. Meta-Analysis

We used random effect modelling for both primary (dichotomous) and secondary
(continuous) outcomes on the basis that it assumes that treatment effects were not identical
in all studies. A fixed effect model assumes that the treatment effect is the same in each
study and that differences in the results are only due to chance. We quantified heterogene-
ity among studies using the I2 inconsistency statistic, which is a measure of interstudy
variability. If interstudy variability was low (I2 < 30%), the fixed effect and random effect
models yielded very similar results [39]. Statistical analyses were performed using the
Review Manager software (Review Manager (RevMan) [Computer program]. Version 5.3.
Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014). p < 0.05
was considered statistically significant.

3. Results

The searches yielded a total of 918 articles. Five additional records were identified
from the reference lists. After examination of the titles and abstracts independently by
the two review authors, 818 studies were excluded due to irrelevant content. After the
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removal of 8 duplicates, 97 full-text articles remained for further assessment. Finally, the
total number of included RCTs was 16 after the omission of 81 full-text articles (Figure 1).
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Figure 1. Study flow diagram. Only 12 studies were included in quantitative synthesis (meta-analysis)
due to incomplete data presentation in four [40–43] of the 16 studies.

All 16 RCTs compared corticosteroids or radiotherapy with another treatment. The
included studies were conducted in 10 countries and involved more than 814 patients aged
10 to 68 years. Characteristics of the included studies are shown in Tables 2 and 3. The
comparator treatments included 5-FU, etanercept, interferon α-2b, cryosurgery, botulinum
toxin type A, and radiotherapy/corticosteroids.

The quality of evidence of the individual studies varied markedly. Six of the 16 RCTs
met four or more of the seven domain criteria in the risk of bias analysis, as shown in
Figure 2 [40,41,44–47]. The results of our GRADE analyses are shown in Tables 2 and 3.
Three trials were downgraded from high to moderate quality due to attrition bias [44,48,49].
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Table 2. RCTs in alphabetical order on the effect of corticosteroid treatment without a keloidectomy.

Study Comparator Patients Site of Lesion GRADE 1

n Average age, years

Aluko-Olokun,
2014 [50]

Excision with
radiotherapy 107 27 Ear, chest, forehead MQ

Berman, 2008 [42] Etanercept 18 NS 2 NS 2 HQ

Chen, 2017 [47]
Diprospan + 5-FU,

Diprospan + 5-FU +
Nd:YAG laser

69 3 27 Face, neck, trunk,
extremities HQ

Darzi, 1992 [51] Radiotherapy 65 4 NS 2 NS 2 MQ

Khan, 2014 [46] TAC + 5-FU 58 NS 2 NS 2 MQ

Layton, 1994 [43] Cryosurgery 11 20 (males); 28
(females) Acne HQ

Nor, 2017 [52] Topical clobetasol
propionate 21 5 29 Acne, surgery MQ

Sadeghinia, 2012
[41] 5-FU 40 43 Face, neck, trunk, limbs HQ

Saha, 2012 [48] 5-FU 50 6 33 (TAC); 35 (5-FU) Operations, acne, burns MQ

Shaarawy, 2015
[53] Botulinum toxin type A 24 29 Posttraumatic, idiopathic HQ

Xiao, 2003 [54] TAC + 5-FU 214 0.3–68 (range) Chest, shoulder, back MQ
1 GRADE, Grading Recommendation Assessment Development and Evaluation (HQ, high quality; MQ, moderate quality); 2 NS, not stated;
3 62 patients completed the study; 4 65 patients with 58 keloids and 42 hypertrophic scars; 5 17 patients with 34 keloids (17 scars in each
arm) completed the study; 6 44 patients completed the study.
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Table 3. RCTs in alphabetical order on the effect of corticosteroid treatment in conjunction with a keloidectomy.

Study Comparator Patients Site of Lesion GRADE 1

n Average age, years

Bashir, 2015 [55] 3 TAC injections 70 22 (1 injection); 23
(3 injections) Ear HQ

Cao, 2015 [45] TAC + 90Sr-90Y 61 38 Chest, shoulder, limb, ear,
others HQ

Danielsen, 2016
[40] Verapamil 14 32

Sternum, shoulder, back,
neck, ear, upper arm,

forearm, scar area excised
MQ

Darzi, 1992 [51] Radiotherapy 65 2 NS 3 NS 3 MQ

Davison, 2006 [49] Interferon α-2b 34 30 Ear, face, abdomen, chest,
extremities MQ

Sclafani, 1996 [44] Radiotherapy 23 27 to 29 Ear MQ
1 GRADE, Grading of Recommendations, Assessment, Development and Evaluations (HQ, high quality; MQ, moderate quality);
2 65 patients with 58 keloids and 42 hypertrophic scars; 3 NS, not stated.

3.1. Studies without Surgery: Primary and Secondary Outcomes

Eleven RCTs listed in Table 2 were retrieved and reviewed in this category
[41–43,46–48,50–54].

3.1.1. Corticosteroids versus 5-FU

The five RCTs identified involved a total of 431 patients [41,46–48,54].
Sadeghinia et al. [41] included 40 patients and compared 5-FU tattooing with an

intralesional steroid. At the end of the study (week 44), the height, surface, erythema,
induration and pruritus reduction were greater in the 5-FU group than in the TAC group
compared with baseline (p < 0.05 for all). No adverse effects were observed.

Khan et al. [46] enrolled 58 patients with keloids (1–5 cm). The patients received
intralesional TAC alone (n = 33) or TAC + 5-FU (n = 25). Good to excellent results (>50% im-
provement) were observed in 20 (61%) patients in the TAC alone group compared to
17 (68%) patients in the TAC + 5-FU group (RR 0.89, 95% CI: 0.61–1.3). Complications
(skin atrophy and telangiectasias) were more frequent in the TAC alone group than in the
TAC + 5-FU group (RR 7.6, 95% CI: 1.0–55).

Saha et al. [48] included 50 patients with keloids of 8 months to 20 years duration.
The major causes of the keloids were operations, acne, and burns. In the 44 patients who
completed the RCT, the authors found no difference (p > 0.05) between the TAC (n = 24)
and 5-FU (n = 20) groups in the reduction of keloid volume (RR 1.0, 95% CI: 0.67–1.6), pain
or itching of the keloids. 5-FU treatment ameliorated hyperpigmentation (p < 0.001) but
was associated with more side effects, such as injection pain and superficial ulceration,
than with TAC treatment (RR 0.030, 95% CI: 0–0.49, p = 0.014). No haematologic side effects
were noted in any of the patients.

The studies by Khan et al. [46] and Saha et al. [48] were pooled (fixed effect, I2 = 0%).
The reduction in the volume of keloids (>50%) was not significantly different between the
two groups (RR 0.95, 95% CI: 0.71–1.3, p = 0.72), as shown in Figure 3A.
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authors compared intralesional TAC with TAC + 5-FU (at volume ratios of 3:1-1:1). At
the 6-month follow-up visit, lesion flattening, or softening was more frequent (p < 0.05) in
the TAC + 5-FU group than in the TAC alone group. Complications (infection, menstrual
disorders and telangiectasia) did not differ significantly between the groups (RR 2.3, 95%
CI: 0.62–8.8).

When the data from the studies of Khan et al. [46] and Xiao et al. [54] (fixed effect,
I2 = 0%) were pooled, the complications were less frequent in the TAC + 5-FU group
(RR 3.8, 95% CI: 1.3–11, p = 0.02) than in the TAC alone group (Figure 3B). The study by
Saha et al. [48] was excluded because of high heterogeneity (I2 = 85%).

Chen et al. [47] compared a betamethasone formulation, betamethasone + 5-FU, and
betamethasone + 5-FU + Nd:YAG (long-pulsed neodymium-yttrium-aluminium-garnet) in
laser treatment in a three-month single-centre RCT for the treatment of 62 keloids. The laser
irradiation preceded the injections to inhibit neovascularization. The keloids were >10 mm
in length and had not been treated within the last 6 months. Clinical response was assessed
by a blinded observer on a 5-grade scale with respect to symptoms, size, height, and
induration. The response (good to excellent improvement) was better in the betamethasone
+ 5-FU group (RR 0.25, 95% CI: 0.14–0.44) and in the betamethasone + 5-FU + Nd:YAG
group (RR 0.17, 95% CI: 0.10–0.30) than in the betamethasone group. At the end of the
3-month study period, erythema, toughness, and itching were significantly more reduced
in the patients treated with the combination of betamethasone + 5-FU + Nd:YAG than in
patients in the other two groups (p < 0.05 for all indices). In the betamethasone group alone,
36% of patients experienced a certain degree of skin atrophy and telangiectasia. Except for
transient purpura in the betamethasone + 5-FU + Nd:YAG group, no other adverse effects
were observed.

3.1.2. Corticosteroids versus Etanercept

Berman et al. [42] included 18 patients with keloids that lasted for at least 1 year, with
lesions less than or equal to 2 cm in size and with no more than 1 episode of recurrence. They
found that etanercept (TNF-α inhibitor) improved 5/12 parameters, including significant
pruritus reduction, while TAC improved 11/12 parameters at week 8 [42]. These differences
were not statistically significant. Although keloids were measured in millimetres and
evaluated by the investigator in each subject using a visual analogue scale from 0 to 100,



Eur. Burn J. 2021, 2 48

including erythema, pain, tenderness, pigmentation, pruritus and cosmetic assessment,
these data were not explained in detail. No adverse effects were reported.

3.1.3. Corticosteroids versus Cryosurgery

One study involving 11 patients with multiple acne keloids was identified. Layton et al. [43]
concluded that patients showing minor differences in blood flow between the lesional
and perilesional skin also showed no significant difference in response to either treatment
modality. Cryosurgery was superior (p < 0.05) to TAC for the more vascularised keloids.
No long-term side effects were produced.

3.1.4. Corticosteroids versus Botulinum Toxin Type A

Shaarawy et al. [53] compared the efficacy and safety of intralesional corticosteroid
(TAC) treatment with intralesional botulinum toxin in 24 female patients with posttraumatic
or idiopathic keloids. There was a significant decrease in the volume of the lesions after
treatment (mean difference −3.5, 95% CI: −12–5.0, p < 0.01), with a volume reduction
of 83% in the TAC group and 79% in the botulinum toxin group. Softening of lesions
compared with the baseline was observed in both groups (p < 0.01), with more (p < 0.01)
softening in the TAC group than in the botulinum toxin group. There was a significant
decrease in the height of lesions and in the redness score compared with the baseline
(p < 0.01) for both groups with no significant difference between the two groups. All
patients experienced a reduction (p < 0.01) in their subjective complaints (itching, pain and
tenderness). These improvements were more pronounced (p ≤ 0.01) in the botulinum toxin
group. Skin atrophy and telangiectasia were observed in three patients in the TAC group
(RR 0.14, 95% CI: 0.010–2.5).

3.1.5. Corticosteroid Injection versus Topical Corticosteroid Cream under Silicone Dressing

Nor et al. [52] included 34 keloid scars in 17 patients who allowed a paired design.
Two keloids on similar anatomic sites were randomly assigned to receive either daily
topical clobetasol propionate 0.05% cream covered with a silicone dressing or monthly
intralesional TAC injections. The keloid had shrunk by week 12 with both treatments. The
POSAS scores improved with both treatments from baseline to week 12 (p ≤ 0.05), but there
was no statistically significant difference in POSAS scores at 4, 8, or 12 weeks between the
two treatments. There was a significantly higher rate of adverse effects documented in the
intralesional TAC group (RR 2.1, 95% CI: 1.4–3.1). The outcome data were incomplete.

3.1.6. Corticosteroids versus Radiotherapy

One study involving 28 keloids by Darzi et al. [51] was reviewed. Complete flattening
was more frequent (p < 0.005) in the TAC group than in the patients receiving radiotherapy
(β), whereas mild to no reduction of lesions was more common (p < 0.001) with radiotherapy.
Overall, all 17 keloids treated with intralesional TAC showed complete or partial flattening
compared with 3 of the 11 keloids treated with radiation alone (RR 3.3, 95% CI: 1.4–8.1).
Skin atrophy was observed in one lesion in the TAC group.

3.1.7. Corticosteroids versus Excision plus Radiotherapy

Aluko-Olokun et al. [50] carried out a study involving 107 patients with facial keloids.
The investigators studied the lesion height before and after treatment and found that TAC-
treated lesions were flattened to the level of the surrounding skin in 82% of the patients
compared with 59% of patients treated with excision plus radiotherapy (p < 0.01). The
number of complications did not differ significantly between the two groups (RR 0.95,
95% CI: 0.68–1.3). The authors concluded that intralesional TAC injection was significantly
more efficacious than excision plus radiotherapy in the management of facial keloids.
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3.2. Studies with Surgery: Primary and Secondary Outcomes

In this category, the six RCTs presented in Table 3 were reviewed [40,44,45,49,51,55].

3.2.1. Single Corticosteroid Injection versus Three Corticosteroid Injections

In the study by Bashir et al. [55], a single intraoperative TAC injection (n = 35) was
compared with a single intraoperative and two postoperative TAC injections (n = 35) after
the wedge excision of ear keloids. The 70 female patients over 14 years of age presented
with post-piercing keloids of the helix not treated previously by any means and amenable
to wedge excision without incurring a cosmetic deformity of the ear [55]. The follow-
up period ranged from 12 months to 26 months with a mean of 17 ± 3.1 months. The
recurrence rate was three (8.5%) in the single intraoperative injection group and two (5.7%)
in the intraoperative and postoperative injection group (RR 0.67, 95% CI: 0.12–3.8, p = 0.64).
The corresponding complication rates were three (8.5%) and eight (22.8%) (RR 2.7, 95% CI:
0.77–9.2, p = 0.10).

3.2.2. Preoperative and Postoperative Radiotherapy versus Postoperative Radiotherapy

In the study by Darzi et al. [51] on 30 keloids, 20 (67%) did not recur over the follow-up
period of 10 years, 9 (30%) recurred, and 1 patient (3.3%) with an ear lobe keloid was lost
during follow-up. There was no significant difference in the recurrence of keloids between
the two groups (RR 1.2, 95% CI: 0.39–3.5, p > 0.10). Furthermore, the authors compared the
effects of early postoperative irradiation (β irradiation) with late postoperative irradiation
in both groups; 75% of patients who received early postoperative irradiation showed no
recurrence compared to 57% of the patients who received late postoperative irradiation.
This effect was not significantly different (RR 0.47, 95% CI: 0.14–1.5, p > 0.10). In the
three patients who developed dyspigmentation, the area resumed normal colour within
18 months.

3.2.3. Corticosteroids versus Radiotherapy

There were two studies involving a total of 84 patients with 100 keloids [44,45].
Cao et al. [45] compared corticosteroids (TAC) with TAC plus a 90Sr-90Y appli-

cator (BT) after surgical excision in 61 patients with keloids from 1.9 cm × 1.1 cm to
5.1 cm × 1.3 cm in size. The follow-up periods for efficacy and safety ranged from 12 to
24 months. The cure rate of the TAC group was 43% compared with 71% for the TAC + BT
group (RR 1.6, 95% CI: 1.0–2.6, p < 0.05). The recurrence rate in the TAC (43%) group
was higher than in the TAC + BT (19%) group (RR 0.45, 95% CI: 0.20–1.0, p < 0.05). The
authors reported that complications (weakness, desquamation, blisters, pigmentation, and
depigmentation) were more common in the TAC + BT combination group (RR 3.9, 95% CI:
1.2–12).

Intralesional TAC was compared with radiotherapy (X-rays or electron beam) in one
RCT conducted by Sclafani et al. [44], including 28 keloids in 23 patients. Four of 12 keloids
(33%) recurred after surgery and corticosteroid injection compared with 2 of 16 keloids
(13%) after surgery and radiotherapy. This difference was not statistically significant
(RR 2.7, 95% CI: 0.58–12). The overall median time to recurrence was 17 months. No
adverse side effects were reported in this study.

When pooling the two RCTs (fixed effect, I2 = 0%) [44,45], the recurrence of keloids
was less in the radiotherapy group than in the corticosteroid (RR 0.43, 95% CI: 0.21–0.89,
p = 0.02) groups (Figure 4).
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3.2.4. Corticosteroids versus Interferon α-2b

One RCT was identified that involved 34 patients with 39 keloids [49]. The overall
recurrence rate was 28%. Among the 13 keloids that were treated with postoperative
intralesional interferon α-2b injections, 7 recurred (54%) compared with 4 of the 26 TAC-
treated (15%) keloids, thus presenting a significant difference (RR 0.27, 95% CI: 0.10–0.74).
The average time to recurrence was ten months in the interferon group and four months
in the TAC group. Notably, 2 of the 11 patients treated with interferon α-2b experienced
systemic flu-like symptoms, while no adverse effects were reported in the TAC group. This
represents a statistically nonsignificant difference between the two groups (RR 0.10, 95%
CI: 0.010–1.9).

3.2.5. Corticosteroids versus Verapamil

One study, involving 14 subjects with 14 keloids compared the calcium channel blocker
verapamil with TAC in the prevention of keloid recurrence after surgical excision in a paired
design [40]. Survival analysis demonstrated significantly higher keloid recurrence with
verapamil compared to TAC 12 months postoperatively (log-rank test, p = 0.01) and a
higher overall risk of recurrence with verapamil than with TAC (hazard ratio 8.4, 95%
CI: 1.6–44). The study was prematurely terminated according to the stopping criteria
(p < 0.05). Four subjects experienced skin hypotrophy when using 2 mg TAC/cm, but none
experienced skin hypotrophy when using 1 mg TAC/cm. Verapamil was found to be safe.
The study lacked allocation concealment.

4. Discussion

In this systematic review, 16 RCTs with more than 814 included patients were eval-
uated. The quality of evidence for most outcomes was moderate to high as assessed by
the GRADE approach [39]. Information on random sequence generation, allocation con-
cealment, blinding, and/or attrition was sometimes missing. In some studies, keloid and
hypertrophic scars were mixed together without subgroup analysis despite their pathologi-
cal and clinical differences [5,15,56]. There were problems performing the meta-analysis
because of a lack of a standardised protocol for keloids, such as age of the scars, dosage,
frequency and duration of treatments, follow-up time and assessment scales.

Intralesional corticosteroid injection was compared with the chemotherapeutic 5-FU
in 431 patients. Meta-analysis of two RCTs indicated similar efficacy between the two
regimens, but 5-FU appeared to cause more adverse effects. Ren et al. [57] advocated the
combined use of TAC and 5-FU based on their systematic review. Furthermore, corticos-
teroid treatment was found to be equipotent to etanercept and cryosurgery. Intralesional
botulinum toxin type A was equally effective and better tolerated than intralesional steroid
treatment confirming the conclusions of a systematic review from 2019 [58]. Radiotherapy
alone was less effective on the keloid mass compared with corticosteroid therapy but
eradicated keloid symptoms more effectively than corticosteroids.

The Ca2+ channel blocker verapamil possesses antifibrotic properties. A RCT pub-
lished in 2018 (not included in our review) compared verapamil with TAC [59]. The
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investigators found that verapamil had a minimal effect (VSS score reduction of 7%) com-
pared to TAC treatment that reduced the VSS score by 69% after 6 injections over 18 weeks.

Adjuvant radiotherapy following excision is more effective (fewer recurrences) than
radiotherapy alone, with BT being the most effective irradiation modality compared to
X-ray and electron beam [34]. BT with a high dose rate seems optimal [60]. Furthermore,
the recurrence after the excision of a keloid was higher with adjuvant corticosteroid treat-
ment than with radiotherapy [44,45]. The radiation time and the timing of intralesional
corticosteroids did not affect the outcomes significantly. Shin et al. [61] compared TAC
injections and radiotherapy of surgically excised ear keloids in a systematic review includ-
ing 25 studies. They concluded that there were no differences in recurrence rate between
the TAC (15%) and radiotherapy (14%) groups in their total group of 1105 patients [61].
The discrepancy with our results could be explained by their less strict search criteria.
Adverse effects associated with adjuvant radiotherapy are more common than with ad-
juvant corticosteroid treatment [34]. The recurrence rates with interferon α-2b treatment
exceeded those of corticosteroids, despite delaying the time to recurrence [49]. This is in
sharp contrast to the findings of Berman et al. [62], who reported lower recurrence rates
with interferon α-2b treatment (19%) compared to TAC (58%) and excision alone (51%) in a
retrospective study. The recurrence following keloid excision was higher with verapamil
than with TAC treatment within one year postoperatively [40].

The effect of the toll-like receptor agonist imiquimod was recently reviewed. Klotz et al. [63]
concluded in their systematic review and meta-analysis (7 studies) that imiquimod cream
post-excision produces variable results.

There were some potential biases in the review process. First, the follow-up time varied
from three months to more than one year. As the characteristics of keloid scars are related
to the duration, the results might be potentially biased. Secondly, we did not differentiate
between variations in the corticosteroid and radiotherapy treatment protocols. We suggest
that these factors are standardised in future RCTs on keloid treatment and prevention.

5. Conclusions

Intralesional corticosteroid treatment remains the first-line monotreatment for keloids,
although radiotherapy seems superior as an adjunct in preventing keloid reoccurrence
after surgical excision. More high-quality, multicentre, large-scale randomised controlled
trials are required to substantiate these conclusions.
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Abbreviations

BT Brachytherapy
CI Confidence interval
GRADE Grading of Recommendations, Assessment, Development and Evaluations
FU Fluorouracil
POSAS Patient and Observer Scar Assessment Scale
RCT Randomised controlled trial
RR Risk ratio
TAC Triamcinolone acetonide
VSS Vancouver Scar Scale
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