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Keloids are fibroproliferative scars 
that undergo aggressive dermal growth 
expanding beyond the borders of the original 

injury and do not regress spontaneously.1,2 Keloids 
often form within a year of injury, tend to persist over 
time and are among the most perplexing challenges 
facing physicians.3 Keloids can arise from burns, deep 
dermal injury, post-elective surgery or trauma and can 
result in deformity and even restricted joint mobility.4

Homo sapiens is the only species that develops 
keloids.5 The recorded history of keloids dates back to 
3,000 BCE, where Egyptian surgical techniques were 
described on the Smith papyrus.6,7 Rooted in African 
folklore, the ancient Yoruba people of Western Nigeria 
recorded features of the keloid diathesis and depicted 
them in sculptures of the 10th century AD.8 The term 

keloid stems from the Greek cheloide which is derived 
from chele, meaning crab claw, and was initially 
coined by Alibert in 1816 because the lesions resemble 
crayfish legs penetrating the skin.6

Keloids are equally prevalent in both genders, 
with the greatest incidence in the second decade of 
life.9 It seems that some genetic predispositions can 
affect the occurrence rate of keloid scarring. In this 
context, individuals with darker skin tones are more 
prone to keloid development than fairer-skinned 
individuals.10 Keloids are described as the fifth most 
frequent skin disease among black adults in the United 
Kingdom.11 The incidence of keloid scarring in high-
risk populations including African, Hispanic and 
Asian people is approximately 5% to 16%.12
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abstract: Keloids are abnormal fibroproliferative scars with aggressive dermal growth expanding beyond the 
borders of the original injury. Different therapeutic modalities, such as corticosteroids, surgical excision, topical 
silicone gel sheeting, laser therapy, cryotherapy, photodynamic therapy and radiotherapy, have been used to treat 
keloids; however, none of these modalities has proven completely effective. Recently, researchers have devised 
several promising anti-keloid therapies including anti-hypertensive pharmaceuticals, calcineurin inhibitors, 
electrical stimulation, mesenchymal stem cell therapy, microneedle physical contact and ribonucleic acid-based 
therapies. The present review summarises emerging and novel treatments for keloids. PubMed® (National Library 
of Medicine, Bethesda, Maryland, USA), EMBASE (Elsevier, Amsterdam, Netherlands) and Web of Science 
(Clarivate Analytics, Philadelphia, Pennsylvania, USA) were searched for relevant literature published between 
January 1987 to June 2020. A total of 118 articles were included in this review. A deeper understanding of the 
molecular mechanisms underlying keloid scarring pathogenesis would open further avenues for developing 
innovative treatments.
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 الملخ�ص: الُجدَرَات هي ندوب ليفية تكاثرية غير طبيعية تحدث مع نمو جلدي عنيف يمتد لما بعد حدود الإ�سابة الأ�سلية. وت�ستخدم و�سائل
 علاجية متعددة لعلاج الُجدَرَات منها الكورتيكو�ستيرودات، والإزالة الجراحية، والم�سح بهلام ال�سيلكون، والعلاج بالليزر، والمعالجة بالبرد،
 والعلاج المقتوي بال�سوء، والمعالجة بالأ�سعة. غير اأن كل هذه الو�سائل العلاجية لم تثبت علاجا ناجعا ب�سورة تامة. و�سمم الباحثون موؤخرا
 علاجات واعدة للجُدَرَات ت�سمل اأدوية �سغط الدم المرتفع، وم�سادات كال�سينورين، والتنبيه الكهربائي، والعلاج بالخلايا الجذعية المتعلقة
 باللحمة المتو�سطة، والت�سال الج�سدي باإبرة مجهرية، والعلاج با�ستخدام مواد تعتمد على الحام�ص النووي الريبوزي. وتلخ�ص هذه المراجعة
PUBMED بع�ص العلاجات الم�ستجدة والحديثة للجُدَرَات ذات ال�سلة والمذكورة في الفترة بين يناير 1987م ويناير 2020م في بوبميد 
 )مكتبة الطب القومية، بيثيثدا، ماري لنج، الوليات المتحدة الأمريكية(، و EMBASE )�شركة ال�سيفير، اأم�ستردام، هولندا(، و�سبكة العلوم
 )Web of Science( من �شركة كلاريفيت اناليتك�ص، فيلاديلفيا، بن�سلفانيا، الوليات المتحدة الأمريكية. و�سملت هذه المراجعة 118 ورقة.

�سيتيح فهم اأعمق للاآليات الجزئية لإمِْرا�ص الندوب في الُجدَرَات فتح م�سارات اأبعد نحو تطوير علاجات مبتكرة لهذا المر�ص.
الكلمات المفتاحية: جُدَرَة؛ علاج؛ اأرومة ليفية؛ ندبة؛ طب الجلد.
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Various therapeutic modalities have been described 
for keloid treatment. Conventional treatment options 
include silicone gel sheeting, compressive therapy, 
intralesional steroids, topical mitomycin C, intralesional 
or topical 5-fluorouracil (5-FU), surgical excision, 
cryotherapy, radiotherapy, laser therapy and photo- 
dynamic therapy, etc.13,14 Nevertheless, no single 
effective therapeutic regimen has been hailed as the 
gold standard, mainly owing to the high recurrence 
rates of keloids and a dearth of extensive research 
evaluating available treatments.9 In recent decades, 
advances in understanding molecular mechanisms 
of diseases have led to a new era of drug design 
and development. This compendious review aims 
to summarise emerging and novel anti-keloid 
therapies. Due to the scope of this review and space 
constraints, however, conventional therapies are 
not discussed herein; interested readers should seek 
out reviews provided by others.1,15,16 Also available 
within this article are grades of recommendations 
and levels of evidence, which have been established 
for each therapy according to the National Institute 
for Health and Clinical Excellence guidelines [Tables 
1–3].17 A schematic overview of possible anti-keloid 
mechanisms of action with regard to emerging and 
novel treatments is also presented [Figure 1].

Table 1: Strength of recommendation and level of evidence 
for anti-keloid therapies17

Treatment Strength of 
recommendation

Level of 
evidence

Anti-hypertensive 
pharmaceuticals

B 1+

Botulinum toxin A A 1++

Calcineurin inhibitors D 3

Doxorubicin D (GPP) 4

Electrical stimulation D 2+

Microneedle physical 
contact

C 2+

Extracorporeal 
shockwave therapy

C 2+

Fat grafting C 2+

Stem cell therapy D (GPP) 4

Imidazoquinolines D 3

Interferons B 1++

Tamoxifen D 3

RNA-based therapies D (GPP) 4

GPP = good practice point.

Table 2: Strength of recommendation for anti-keloid 
therapies17

Grade Evidence

A • At least one meta-analysis, systematic 
review or RCT rated as 1++, and directly 
applicable to the target of population, or
• A systematic review of RCTs or a body 
of evidence consisting principally of 
studies rated as 1+, directly applicable to 
the target population and demonstrating 
overall consistency of results
• Evidence drawn from a NICE 
technology appraisal

B • A body of evidence including studies 
rated as 2++, directly applicable to the 
target population and demonstrating 
overall consistency of results, or
• Extrapolated evidence from studies 
rated as 1++ or 1+

C • A body of evidence including studies 
rated as 2+, directly applicable to the 
target population and demonstrating 
overall consistency of results, or
• Extrapolated evidence from studies 
rated as 2++

D • Evidence level 3 or 4, or
• Extrapolated evidence from studies 
rated as 2+, or
• Formal consensus

D (GPP) •A GPP is a recommendation for best 
practice based on the experience of the 
Guideline Development Group

RCT = randomised controlled trial; NICE = National Institute for 
Health and Clinical Excellence; GPP = good practice point.

Table 3: Level of evidence for anti-keloid therapies17

Level of 
evidence

Type of evidence

1++ • High-quality meta-analyses, systematic 
reviews of RCTs, or RCT with a very low risk 
of bias

1+ • Well-conducted meta-analysis, systematic 
review of RCTs or RCT with a low risk of bias

1- • Meta-analysis, systematic review of RCT or 
RCT with a high/low risk of bias

2++ • High-quality systematic review of case-
control or cohort studies

• High-quality case-control or cohort study 
with a very low risk of confounding, bias 
or chance with a high probability that the 
relationship is causal

2+ • Well-conducted case-control or cohort 
studies with a low risk of confounding, bias or 
chance with a moderate probability that the 
relationship is causal

2- • Case-control or cohort study with a high 
risk of confounding, bias or chance with a 
significant risk that the relationship is not 
causal

3 • Non-analytical studies (for example, case 
reports, case series)

4 • Expert opinion, formal consensus

RCT = randomised controlled trial.
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Methods

PubMed® (National Library of Medicine, Bethesda, 
Maryland, USA), EMBASE (Elsevier, Amsterdam, 
Netherlands) and Web of Science (Clarivate Analytics, 
Philadelphia, Pennsylvania, USA) databases were 
searched for articles published from January 1987 
to June 2020. The following terms were used: 
‘keloid’ AND ‘treatments’ OR ‘therapies’ OR ‘anti-
hypertensive pharmaceuticals’ OR ‘botulinum toxin 
A’ OR ‘calcineurin inhibitors’ OR ‘doxorubicin’ OR 
‘electrical stimulation’ OR ‘microneedle physical 
contact’ OR ‘extracorporeal shockwave therapy’ OR 
‘fat grafting’ OR ‘mesenchymal stem cell therapy’ OR 
‘imidazoquinolines’ OR ‘interferons’ OR ‘tamoxifen’ 
OR ‘RNA-based therapies’. Reference lists of selected 
articles, other related studies and review articles were 
also examined. The inclusion criteria comprised all 
articles referring to different methods of treatment for 
keloids in the English language literature. Following 
an initial screening of 5,351 titles and abstracts, 167 
potentially relevant articles were retrieved for full-text 
review. Of these potentially relevant articles, 49 were 
excluded as they failed to meet the inclusion criteria. 
A total of 118 articles were selected for final inclusion 
in this review. 

emerging and novel treatments

Anti-hypertensive pharmaceuticals

Angiotensin-converting enzyme (ACE) is a peptidyl- 
dipeptide hydrolase which converts angiotensin I 
to angiotensin II. This enzyme is involved in both 
blood pressure regulation and fibrous remodeling.18,19 
Given that severe keloids seem to be associated with 
hypertension, ACE inhibition should be considered as 
a potential treatment against keloids.20,21 Angiotensin 
II elevates the level of transforming growth factor 
beta (TGF-β) and plays a prominent role in collagen 
biosynthesis and wound healing.22,23 For instance, an 
ACE-inhibitor lisinopril weakened in vitro proliferation 
of mouse NIH 3T3 fibroblasts and collagen expression 
by suppressing phosphorylation of SMAD2/3 and 
TAK1.24 In rats with acute dermal wounds, scars 
treated with ramipril (an ACE-inhibitor) were 
narrower compared to the control groups, which had 
their wounds treated with water; the treated wounds 
also exhibited augmented neovascularisation and re-
epithelialisation.24 Interestingly, complete recovery 
from keloid scars was reported in a 54-year-old female 
patient following daily oral administration of the 
ACE-inhibitor enalapril (10 mg).25 In a second case, 
satisfactory results were reported in a 70-year-old 

 
Figure 1: Possible mechanisms of action for emerging and novel treatments of keloids.
1 = Anti-hypertensive pharmaceuticals; 2 = Botulinum toxin A; 3 = Calcineurin inhibitors; 4 = Doxorubicin; 5 = Electrical stimulation; 6 = Microneedle 
physical contact; 7 = Extracorporeal shockwave therapy; 8 = Fat grafting; 9 = Stem cell therapy; 10 = Imidazoquinolines; 11 = Interferons; 12 = Tamo- 
xifen; 13 = RNA-based therapies; TGF-β = transforming growth factor beta; α-SMA= alpha-smooth muscle actin; ECM = extracellular matrix; 
IGF = insulin-like growth factor; IFN-α = interferon-alpha.
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female diabetic patient who received the same dose of 
enalapril.25 Uzun et al. showed that oral administration 
of enalapril following dermal injury reduced formation 
of hypertrophic scars in rabbit ear wounding models.26 
Moreover, six weeks of twice-daily application of 
captopril cream (5%) in an 18-year-old female patient 
lessened not only the height of scar but also the redness 
and itchiness, without cutaneous and systemic side 
effects.23 One study evaluated the efficacy of losartan 
(an angiotensin II receptor blocker) on hypertrophic 
scars and keloids.22 In this study, 5% losartan ointment 
twice a day for three months resulted in a significant 
reduction in vascularity and pliability compared to 
patients receiving a placebo (P <0.05). No allergic or 
hypotensive symptoms were observed in patients who 
underwent the ointment treatment.22

Verapamil is a member of the phenylalkylamine 
family, which is a class of calcium antagonists. It is 
capable of blocking both L-type and T-type calcium 
channels, thereby lowering blood pressure.27 Verapamil 
triggers synthesis of procollagenase in keloids and 
normal human cultured fibroblasts, causing reduced 
production of fibrous tissue. For example, an 
intralesional injection of verapamil (2.5 mg/mL) led to 
a decrement in pliability, vascularity, height and width 
of scars after three weeks of treatment.28 A double-
blind randomised controlled trial (RCT) revealed 
that intralesional verapamil injections (2.5 mg/mL) at 
monthly intervals (four doses) in half of the wounds 
were safe but not as effective as a similar regimen (10 
mg/mL) of triamcinolone (TAC) for prevention of 
keloid scar recurrence following excision removal.29 
It has been suggested that increasing the dose or 
frequency of injections would improve treatment 
outcomes when verapamil is exploited as an adjunct 
to surgical excision.29 In a recent retrospective study, 
combination of verapamil and intralesional TAC led 
to a pronounced improvement of keloid scars with 
a long-lasting result.30 Lawrence also demonstrated 
that intralesional verapamil hydrochloride after 
earlobe surgical keloid excision had a 52% cure rate 
in 31 African-American patients.31 Similarly, one 
study revealed that keloidectomy with core fillet flap 
and intralesional verapamil injection is a reliable and 
cost-effective method in the treatment of earlobe 
keloids with a low rate of recurrence.32 Overall, keloid 
recurrence rates for verapamil have been found to 
range from 1.4–48%.29

Botulinum toxin A

Botulinum toxin, a potent neurotoxin produced by 
Clostridium botulinum, has a wide range of applications 
in medicine including the United States Food and 
Drug Administration (FDA)-approved treatments for 

strabismus, blepharospasm, hemifacial spasm, cervical 
dystonia, axillary hyperhidrosis, chronic migraine, 
neurogenic detrusor overactivity and for cosmetic 
use.33 With regard to keloids, intralesional injection of 
the toxin abates scar proliferation by reducing muscle 
tension during wound healing, halting fibroblast cell 
cycles in the non-proliferative stage and modulating 
TGF-β1 expression.34,35 Patients have also reported 
higher satisfaction rates and improvements in 
erythema, pain, pliability and itching.36,37

A prospective, uncontrolled study revealed that 
intralesional injections of botulinum toxin A (70–140 
units per session every three months) into keloids 
resulted in peripheral regression and lesion flattening 
without recurrence after one year.38 This finding is in 
line with an RCT in which intralesional administration 
of botulinum toxin A (5 IU/cm3 every eight weeks) 
caused significant decrements in both the volume 
and height of keloid lesions (P <0.01 each) as well 
as substantial softening of the lesions compared to 
baseline.39 By contrast, another study found that 
intralesional botulinum toxin A (70–140 Speywood 
units per session every two months) did not lead to 
regression of keloid tissue; neither cell proliferation 
nor metabolism of keloid fibroblasts were influenced 
by botulinum toxin A.35 In a double-blinded study, 
botulinum toxin A was not superior to corticosteroids 
for preventing earlobe or sternal keloid recurrence 
at one- and three-month follow-up.40 However, the 
advantage of using botulinum toxin A is that it is a 
single injection compared to steroid therapy which 
requires monthly injections.40

A recent study demonstrated adjuvant properties 
of botulinum toxin in treating keloids.41 In this 
context, intralesional TAC plus botulinum toxin A led 
to significant symptomatic improvement of pain and 
pruritus in comparison to intralesional TAC alone (P 
<0.001). Likewise, botulinum toxin A in combination 
with surgery was also successful in treating post-
otoplasty keloids in 16 patients.42 A systematic review 
and meta-analysis of 15 RCTs also revealed that 
injection of intralesional botulinum toxin A was more 
effective in treating keloids than injecting intralesional 
corticosteroid or a placebo.43 Although intralesional 
injection of the toxin has shown satisfactory results 
in patients with keloids, further large-scale studies 
with comparative designs and long-term follow-up 
are warranted to delineate the value of this therapy in 
keloid management protocols.44

Calcineurin inhibitors

The cyclic depsipeptide tacrolimus (FK-506) produced 
by Streptomyces tsukubaensis inhibits calcineurin 
complex with FK-binding proteins.45 As a potent 
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immunosuppressor, tacrolimus has been applied widely 
to prevent organ rejection and treat autoimmune 
diseases as well as skin disorders including atopic 
dermatitis, keloids, erosive mucosal lichen planus, 
psoriasis and pyoderma gangrenosum.46–48 Tacrolimus 
interdicts keloidal fibroblast proliferation, migration 
and collagen production. Additionally, it inhibits 
TGF-β/SMAD signalling pathways in keloid fibroblasts 
through down-regulation of TGF-β receptors.49 
Expression of glioma-associated oncogene 1 (GLI1) 
has been shown to be elevated in keloids. Because 
tacrolimus is able to inhibit signalling from the GLI1, 
Kim et al. suggested that tacrolimus may have anti-
keloid properties.50 Another study demonstrated the 
beneficial effects of topical tacrolimus ointment in 
preventing hypertrophic scars in rabbit models.51 
In an open-label pilot study, the majority of patients 
exhibited a decrement in induration, erythema, 
pruritus and tenderness after topical application of 
tacrolimus ointment (0.1%) twice a day for 12 weeks, 
yet no statistically significant benefits as a therapeutic 
agent were observed.52 Another study showed the 
preventive role of topical tacrolimus against keloids 
in 25 patients after surgery.53 Nevertheless, further 
clinical investigations involving topical tacrolimus 
are warranted for delineating its efficacy in keloid 
treatment.

Sirolimus (rapamycin) is a cyclic depsipeptide 
produced by Streptomyces hygroscopius; it has anti-
fungal, immunosuppressive and anti-tumour/anti-
proliferative properties that have been ascribed to 
sirolimus.45,54 This medication hampers the mammalian 
target of rapamycin (mTOR), a serine/threonine 
kinase that regulates both metabolic processes and 
translation rates. Levels of total endogenous mTOR 
have been reported to be increased in keloids.55 It is 
worth noting that mTOR regulates the expression 
of collagen type I in human dermal fibroblasts.56 
When applied to cultured normal and keloidal 
fibroblasts, sirolimus down-regulated the expression 
of cytoplasmic proliferating cell nuclear antigen, cyclin 
D1, collagen fibronectin and alpha-smooth muscle 
actin (α-SMA) in a dose- and time-dependent manner, 
indicating the anti-proliferative effects and therapeutic 
potential of sirolimus in keloid treatment.55 Inhibition 
of extracellular matrix (ECM) deposition, prevention 
of platelet-derived growth factor-induced collagen 
synthesis and reduction in over-expression of collagen 
I and III in keloid fibroblasts are other functions of 
sirolimus.57

Doxorubicin

Doxorubicin, which was first extracted from 
Streptomyces peucetius, is an anthracycline antibiotic 
with a DNA intercalating property that is routinely 

exploited in cancer chemotherapy.58,59 Poor wound 
healing as a consequence of impaired collagen 
biosynthesis has been acknowledged as an adverse 
effect associated with doxorubicin administration, 
suggesting the potential role of this medication in 
treating hypertrophic scars and keloids.60 Doxorubicin 
has been demonstrated to decrease fibroblast 
proliferation in vitro.61 It inhibits enzymes prolyl 
4-hydroxylase and prolidase in human skin fibroblast 
cultures, thereby reducing collagen synthesis.60,61 No 
published trials regarding the anti-keloidal effects of 
doxorubicin are available in the literature, warranting 
further studies to evaluate its efficacy in keloid 
treatment.62

Electrical stimulation

Electrical stimulation (ES) has been used to treat 
abnormal scars in the past.63 A novel device called 
Fenzian system, which produces degenerate waves, 
was developed recently and shows promise in curing 
keloids and hypertrophic scars.64 For instance, in a 
study conducted by Ud-din et al., the effectiveness 
of the Fenzian system on symptomatic raised dermal 
scars was assessed in 18 patients using full-field laser 
perfusion imaging to evaluate changes in dermal blood 
flow.65 A significant reduction in pain scores (P = 0.007) 
and pruritus scores (P = 0.002) was observed over one 
month. The researchers also found that symptoms in 
patients with long-standing sternal scars needed more 
time to diminish compared to patients with scars in 
less stress-prone anatomical locations such as the 
breast or abdomen.65

Perry et al. showed that the Fenzian system 
successfully reduced pain, itching and scar scores (P 
<0.05) in 30 patients with 140 scars, most of which 
were keloids and hypertrophic scars on the sternum, 
breast and shoulder girdle.63 It seems that suppression 
of excessive collagen I formation is a major mechanism 
behind the anti-keloid properties of ES.63 Another 
investigation revealed that the cytotoxic effects of 
photodynamic therapy on keloid fibroblasts can be 
enhanced significantly (P <0.05) when combined 
with degenerate electrical waveform stimulation.66 
In one study, combining the local treatment of 
mature scars with low-intensity electromagnetic and 
electric stimulation with negative pressure exhibited 
a satisfactory synergic effect on scar collagen and 
elastic fibre remodelling in 20 patients.67 Nevertheless, 
further large-scale controlled studies are needed to 
elucidate the overall efficacy of ES.
Microneedle physical contact

Microneedles have been studied by many researchers 
over the past decade primarily for transdermal drug 
delivery. In contrast to conventional needles that are 
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at least 1 mm in width or have even larger dimensions, 
microneedle devices consist of needles with sizes 
expressed in microns. Microneedles are able to 
penetrate the stratum corneum without contacting the 
nerves in the dermis. Various types of microneedles, 
such as solid, coated, dissolving and hollow forms, 
exist. On the whole, these devices cause less pain, 
infection and injury compared with conventional 
injections.68

In a controlled clinical trial, Tan et al. found that 
once-daily application of dissolving TAC-embedded 
microneedle patches markedly diminished the volume 
of keloids on the chest, arms and shoulders.69 Similarly, 
Yeo et al. tested FDA-approved liquid crystalline 
polymer-based microneedles to determine its ability 
to inhibit keloid fibroblast proliferation.70 After a 12-
hour treatment, the non-viable proportion of keloid 
fibroblasts in cell cultures increased to 83.8 ± 11.96%. 
They also showed that microneedle treatment in rabbit 
ear hypertrophic scar models prevented dermis tissue 
thickening in 83.33% (n = 15) of wounds.70 In the same 
study, the microneedle patch was evaluated on a patient 
suffering from a single post-surgical hypertrophic scar 
on the dorsum region; after treatment, the patient’s 
redness, pruritus and chronic inflammation reduced.70

The efficiency of a microneedle patch comprising 
polyethylene glycol diacrylate and encapsulating 5-FU 
for transdermal delivery has been examined in its 
use with keloids. The microneedle patch effectively 
abolished keloid fibroblast proliferation in a cell 
culture. Although soluble 5-FU delivery was able to 
reduce keloid fibroblast proliferation (6.9 ± 3.6-fold 
expansion), the extent of inhibition was even higher 
when microneedle-assisted delivery was applied 
(2.0 ± 0.4-fold expansion; P <0.05).71 Surprisingly, 
even drug-free microneedles induced an inhibitory 
effect, with an approximately 10-fold reduction in 
cell viability compared to controls.71 A preliminary 
analysis of cell morphology demonstrated that keloid 
fibroblasts treated with blank microneedles decreased 
in size and had higher nucleus-to-cytoplasm ratios, 
while the non-treated keloid fibroblasts were flat 
and spindle-shaped. However, the mechanism of 
this unexpected phenomenon in which the physical 
presence of microneedles inhibits the proliferation 
of keloid fibroblasts remains unclear.71 Transdermal 
delivery of antimicrobial peptides using microneedle 
stamping devices or drug-loaded microneedle patches 
has recently been proposed as a new strategy for 
treating keloids and hypertrophic scars.72,73 Future 
studies should involve clinical subjects to validate the 
efficiency and safety of microneedle drug delivery 
systems for treating keloids.

Extracorporeal shockwave therapy

Extracorporeal shockwave therapy (ESWT) was first 
introduced in 1982 for urinary stone lithotripsy.74 In 
recent decades, the success of ESWT in addressing 
urinary stones has made it a first-line, cost-effective, 
non-invasive treatment. ESWT has also been used 
to treat musculoskeletal maladies including plantar 
fasciitis and chronic lateral epicondylitis.75 Multiple 
lines of evidence exist in the literature regarding 
ESWT’s effectiveness in enhancing healing in patients 
with acute and chronic wounds and diabetic foot 
ulcers.76,77

A few studies have evaluated ESWT for treating 
post-burn, hypertrophic and keloid scars.78–80 In one 
study, 17 patients with burn scars on their extremities 
underwent ESWT sessions once a week for six weeks. 
The visual analogue scale (VAS) was used to quantify 
pruritus and pain, while the Vancouver Scar Scale 
(VSS) was used to evaluate scar appearance. Both VAS 
and VSS scores were significantly diminished after 
treatment and during follow-ups (P <0.001).78 Another 
study assessed the effects of ESWT used twice a 
week for six weeks on 16 patients with post-burn 
scar contractures, hypertrophic scars and keloids.79 
The scars were located on patients’ extremities, their 
faces or mentosternal regions or on their trunks. The 
study found that the scars appeared more pliable 
and colour mismatch was lessened after the first 
session. At the end of the treatment, all of the scars 
had more acceptable appearances.79 Wang et al. also 
compared the efficiency of ESWT and intralesional 
steroid injection with TAC in treating keloid scars.80 
The ESWT group received three ESWT treatments 
in six weeks whereas the steroid group received three 
intralesional TAC injections in six weeks. Both groups 
demonstrated substantial improvements in keloid 
appearance with less discolouration, greater flattening, 
a softer consistency and greater elasticity. Moreover, 
the ESWT group displayed comparable functional 
outcomes and a remarkable reduction in collagen fibres 
as well as increasing matrix metalloproteinase-13 
degrading enzyme levels compared to the intralesional 
steroid injection group.80

The exact mechanism underlying the observed 
beneficial effects of ESWT remains unknown. When 
primary dermal fibroblasts derived from human post-
burn hypertrophic scars were exposed to shockwave 
pulses, TGF-β1, α-SMA, collagen-I, fibronectin and 
TWIST1 levels were significantly reduced, while 
expression of E-cadherin was increased.81 It was 
suggested that suppressed epithelial-mesenchymal 
transition might be responsible for the anti-
scarring effects of ESWT.81 The acoustic waves also 
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mechanically disrupt tissue by cavitation.78 Indeed, 
shock waves yield microscopic injuries in scar tissue 
and disintegrate collagen fibres which results in 
scar remodelling. Two mechanisms for ESWT have 
been explained: (1) shock waves affect pain receptor 
physiology and (2) these waves generate micro-trauma 
and release cytokines, promoting tissue repair.78

Fat grafting

Autologous fat grafting (i.e. lipotransfer) for patients 
with keloids has been exemplified in several studies.82–84 
In three clinical cases, fat injection at the dermal-
hypodermal junction in hemifacial hypertrophic 
scars and keloids led to substantial improvement 
in skin texture, softness, thickness and elasticity 
after a six-month follow-up period.82 Another study 
also demonstrated that autologous fat grafting in 
18 patients with post-burn hypertrophic scars and 
keloids improved texture, colour, softness, thickness 
and elasticity of the treated skin.83 New collagen 
deposition, dermal hyperplasia and neoangiogenesis 
were also evident based on histological evaluation.83 
The procedure causes less fibrosis, pain reduction and 
more flexibility in areas of scar contraction. It seems 
that transfer of adipose tissue-derived stem cells 
(ADSCs) into wounds plays a key role in inhibiting 
keloid fibroblast proliferation and ECM formation.84

Stem cell therapy

The possible mechanisms underlying mesenchymal 
stem cell (MSC) therapy are modulation and 
prevention of inflammatory processes as well as anti-
fibrosis effects by reducing collagen production while 
enhancing normal angiogenetic activity.36 Various 
delivery methods, including systemic injection, 
local injection at the site of wound, intradermal or 
subcutaneously and engineered MSC-seeded tissue 
scaffolds have been used.85 For instance, Zhang et al. 
demonstrated that intralesional injection of ADSCs 
decreased hypertrophic scarring in rabbits by reducing 
the gene expression of collagen type I, α-SMA and 
collagen deposition.86 In another study, ADSC-
conditioned medium (ADSC-CM) not only decreased 
the expression of collagen type I and III and α-SMA 
but also suppressed collagen deposition and scar 
formation through the inhibition of the p38/mitogen-
activated protein kinase (MAPK) signalling pathway 
in hypertrophic scar-derived fibroblasts in vitro.87 
In a recent study, ADSC-CM has been reported to 
attenuate the gene expression of plasminogen activator 
inhibitor-1, tissue inhibitor of metalloproteinases 1 
(TIMP-1) and collagen type I in keloid fibroblasts.88 
Notably, 24-hour incubation of keloid fibroblasts with 
ADSC-CM significantly inhibited cell proliferation 
in the G2/M phase compared to the control group 

(P <0.05). ADSC-CM was also capable of reducing 
invasive abilities of keloid fibroblasts in vitro.88 
Furthermore, bone marrow-derived stem cells-
conditioned medium (BMSC-CM) has been shown to 
inhibit cell proliferation and migration of hypertrophic 
scar and keloid fibroblasts.89 At both transcriptional 
and translational levels, BMSC-CM reduced 
expression of profibrotic genes in hypertrophic scar 
and keloid fibroblasts.89 Additionally, this novel 
strategy has been investigated in several fibrotic 
diseases such as myocardial infarctions, renal fibrosis, 
and liver cirrhosis. Although promising, MSC therapy 
requires further in vivo studies in order to apply these 
results to clinical practice.36

Imidazoquinolines

Imidazoquinolines, including imiquimod and 
resiquimod, are toll-like receptors 7 and 8 agonists 
with potent immune modulator activities. Resiquimod 
is up to 100-fold more potent in vitro and in vivo 
than imiquimod.90 They stimulate production of 
interferon-alpha (IFN-α) at the site of application, 
which intensifies collagen breakdown. Imiquimod 5% 
cream is approved for the treatment of genital warts, 
superficial basal cell carcinoma and actinic keratosis.91 
Imiquimod can be applied post-surgery using different 
treatment regimens, starting on the night of surgery 
with daily treatments or two weeks after the operation 
on alternate nights for eight weeks.92–94

 In a pilot study, post-surgical use of imiquimod 5% 
cream was effective in treating earlobe keloids without 
recurrence after 12 months’ follow-up.95 In addition, 
alleviation of symptoms such as pruritus and pain 
within the first post-operative month was reported 
in all patients.95 Likewise, Berman et al. showed the 
effectiveness of imiquimod 5% cream in preventing 
recurrence of earlobe keloids after excision.96 In 
their study, four patients with a total of eight large 
pedunculated earlobe keloids were successfully 
treated with debulking by tangential shave excision 
followed by daily application of imiquimod 5% cream 
for six weeks.96 In another study, post-surgical use 
of imiquimod 5% cream in 35 patients with keloids 
indicated a recurrence rate of 28.6%.93 However, a high 
recurrence rate (88.9%) was reported in one study in 
which nine patients with trunk keloids underwent 
surgery followed by daily application of imiquimod 
5% cream for eight weeks.97 The imiquimod-poly(2-(2-
methoxyethoxy)ethyl methacrylate) hydrogel dressing 
has also been shown to inhibit the proliferation of 
keloid fibroblasts in vitro.98

Interferons

Interferons are potent cytokines that possess anti-
proliferative, anti-fibrotic and anti-viral effects. They 
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are extensively employed in a variety of maladies 
including condylomata accuminata, basal cell 
carcinoma, high risk melanoma, Kaposi’s sarcoma 
and viral hepatitis. All interferon isoforms—especially 
INF-α2b and INF-γ—have been shown to attenuate 
collagen synthesis together with fibroblast proliferation 
and to induce TGF-β1 down-regulation.36,99,100 Some 
evidence showed that INF-γ enhances myofibroblast 
apoptosis and prevents its differentiation, whereas 
INF-α2b inhibits wound contraction in vitro.101,102 
Nonetheless, some clinical trials have revealed 
contrasting results.103–105 For this reason, more 
RCTs should be performed to enrich existing data. 
Complications of therapy with interferon injection 
are flu-like symptoms, fever, headaches, fatigue and 
myalgia.36,99

In Berman and Flores’ study, post-operative 
injections of INF-α2b in keloids (80% were earlobe 
keloids) resulted in a lower recurrence rate (18.7%) 
compared to adjuvant post-operative TAC injections 
(58.4%).106 When combined with intralesional TAC, 
INF-α2b caused a significant decrease in keloid volume 
(86.6%; P = 0.002) and depth (81.6%; P = 0.005).107 The 
majority of these scars were located on the chest, 
shoulders, upper arms and back. No keloid recurrence 
was reported.107

Tamoxifen

Tamoxifen is a synthetic non-steroidal anti-estrogen 
which has been exploited extensively in both 
chemoprevention and breast cancer treatment.108 
Tamoxifen modifies RNA transcription, hinders 
keloidal fibroblast proliferation, influences the cell 
cycle in the G-phase and suppresses insulin-like 
growth factor production.109,110 One study showed that 
tamoxifen dose-dependently waned the expression of 
TGF-β1 in keloid fibroblast cultures.111 Moreover, it 
was capable of impeding lattice contraction in a dose- 
and time-dependent manner in vitro.110 Additionally, 
topical application of a 2% tamoxifen ointment on 
third-degree burns in rats augmented angiogenesis 
and decreased fibrotic tissue thickness.112 In Pasquetti 
et al.’s study, topical application of 0.1% tamoxifen 
citrate on keloids or hypertrophic scars located on 
the sternum, shoulders, abdomen and upper limbs 
had satisfactory results with a substantial decrement 
in lesion height, width and length.113 Soares-Lopes 
et al. found that the intralesional administration of 
tamoxifen in 13 patients with keloids resulted in a 
significant reduction in collagen fibres and fibroblasts 
(P <0.0001).114

RNA-based therapies

RNA interference (RNAi) is a biological process for 
gene-specific RNA degradation. It is mediated by 

small interfering RNAs (siRNAs).115 During the past 
few years, several attempts have been made to inhibit 
gene expression by siRNAs in keloid fibroblasts. For 
example, siRNA targeting TIMP-1/-2 resulted in 
degradation of collagen type I in keloid fibroblasts.116 
In Shin et al.’s study, heat shock protein 70 knockdown 
using siRNAs caused a marked decrement in 
collagen production in keloid fibroblasts compared 
to controls.117 Furthermore, transfection of keloid 
fibroblasts with siRNA targeting the human wingless-
related mouse mammary tumour virus integration site 
2 led to considerably slower growth and a substantial 
delay in cell doubling time.118 These studies show 
that RNA-based therapies hold potential for treating 
keloids.

Conclusion

Although a plethora of therapeutic options are now 
available for keloids, they still remain an ongoing 
clinical challenge for both patients and clinicians. 
Given the complex process of keloid formation, a 
deeper understanding of the molecular mechanisms 
that drive development and recurrence of keloids 
would open further avenues for developing innovative 
treatments. Several promising therapeutic approaches, 
such as the use of mesenchymal stem cells, autologous 
fat grafting, microneedle physical contact and RNA-
based therapies, are currently underway. Nevertheless, 
there is still a great need for high-quality RCTs with 
sufficient sample sizes.
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