Walsh et al. Systematic Reviews (2023) 12:42 Systematic Reviews
https://doi.org/10.1186/513643-023-02192-7

. . ®
Keloid treatments: an evidence-based o

systematic review of recent advances

Laura A. Walsh', Ellen Wu', David Pontes', Kevin R. Kwan', Sneha Poondru?, Corinne H. Miller' and
Roopal V. Kundu'?*

Abstract

Background Keloids are pathologic scars that pose a significant functional and cosmetic burden. They are challeng-
ing to treat, despite the multitude of treatment modalities currently available.

Objective The aim of this study was to conduct an evidence-based review of all prospective data regarding keloid
treatments published between 2010 and 2020.

Methods A systematic literature search of PubMed (National Library of Medicine), Embase (Elsevier), and Cochrane
Library (Wiley) was performed in November of 2020. Search strategies with the keywords “keloid"and “treatment” were
performed by a medical librarian. The search was limited to prospective studies that were peer-reviewed, reported

on clinical outcomes of keloid therapies, and were published in the English language between January 1, 2010, and
November 24, 2020.

Results A total of 3462 unique citations were identified, of which 108 studies met inclusion criteria. Current literature
supports silicone gel or sheeting with corticosteroid injections as first-line therapy for keloids. Adjuvant intralesional
5-fluorouracil (5-FU), bleomycin, or verapamil can be considered, although mixed results have been reported with
each. Laser therapy can be used in combination with intralesional corticosteroids or topical steroids with occlusion to
improve drug penetration. Excision of keloids with immediate post-excision radiation therapy is an effective option for
recalcitrant lesions. Finally, silicone sheeting and pressure therapy have evidence for reducing keloid recurrence.

Conclusions This review was limited by heterogeneity of subject characteristics and study outcome measures, small
sample sizes, and inconsistent study designs. Larger and more robust controlled studies are necessary to further
understand the variety of existing and emerging keloid treatments, including corticosteroids, cryotherapy, intral-
esional injections, lasers, photodynamic therapy, excision and radiation, pressure dressings, and others.

Introduction seen in all populations, the highest prevalence is in peo-
Keloids are dermal proliferations of fibrous tissue that ple of color with an estimated incidence of 4-16% [1, 2].
most often arise at sites of cutaneous injury and have These growths represent the most robust form of abnor-
significant impact on quality of life. Although keloids are =~ mal wound healing, presenting as raised, firm lesions that
extend beyond the margins of original injury [2]. Several
etiological factors have been proposed, including genetic
and hormonal influences [3]. Increased wound tension
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Multiple hypotheses have been proposed for keloid for-
mation. Though the pathogenesis of keloids is not fully
understood, it likely involves the dysregulation of complex
inflammatory pathways [5]. Proinflammatory cytokines
IL-6 and -8 have been shown to increase scarring, while
similarly, a decrease anti-inflammatory IL-10 increases
scarring [6]. Keloidal fibroblasts and inflammatory cells
may drive keloid formation by dysregulation of normal col-
lagen turnover. Keloids are characterized by an increased
ratio of type 1 to type 3 collagen deposition in a haphaz-
ard pattern with increased fibroblast proliferation rates and
increased sensitivity to growth factors [6, 7]. Differences in
growth factor production could be due to epithelial-mes-
enchymal interactions, retention of fetal proliferative path-
ways, or the hypoxic keloidal tissue environment. Tissue
tension has also been implicated as mechanical tension is a
driver of fibroblast activity and formation of collagen. Cer-
tain inherited human leukocyte antigen subtypes have been
associated with keloids, suggesting an abnormal immune
response to dermal injury as a cause of keloids. Lastly, der-
mal injury causing an immune response to sebum, leading
to cytokine release stimulating mast cell infiltration and
fibroblast activity, has been suggested given the predi-
lection for keloids to form in sites of increased density of
pilosebaceous units [7].

Keloids pose a significant functional and cosmetic
burden. They are often pruritic or painful [8]. Addition-
ally, they can introduce tension in adjacent tissue and
cause restrictions in normal movement. The psychoso-
cial effects of developing disfiguring scars have also been
repeatedly demonstrated [9, 10]. Unfortunately, keloids
do not regress spontaneously and are often refractory to
treatment.

Current treatment options include intralesional and topi-
cal therapies, surgical interventions, radiation, and laser-
based therapies [11-13]. Intralesional corticosteroids are a
mainstay of treatment, although other injectables include
bleomycin, 5-flourouracil, botulinum toxin type A, vera-
pamil, avotermin, IL-10, mannose-6-phosphate, and insu-
lin. Topical therapies include imiquimod and mitomycin
C. Surgical excisions are often paired with a combination
of these adjuvant pharmacotherapies, and there is ongo-
ing innovation in keloid excision and wound closure tech-
nique. Radiation therapies include external-beam radiation
and interstitial brachytherapy administered at low- or
high-dose rates [13]. Pulsed dye laser (PDL), cryotherapy,
and pressure dressings are often utilized, as well as over-
the-counter silicone sheets and topical vitamin E creams.
Despite the myriad of proposed treatment options, keloids
continue to pose a therapeutic challenge, and an updated
body of evidence-based recommendations to guide dis-
ease management is lacking.
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Objective

The objectives of this systematic review were to examine
the evidence from the past decade for the treatment of
keloids, determine the efficacy and limitations, and rec-
ommend areas for improvement.

Methods

This systematic review of the relevant literature on
keloid treatments was conducted according to meth-
ods outlined in the Cochrane Handbook and reported
according to the recommendations from the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.

Search strategy

A medical librarian (C. M.) created the search strat-
egy to investigate therapies for keloid treatment pub-
lished in English between the years 2010 and 2020. On
November 24, 2020, searches were conducted on Pub-
Med (National Library of Medicine), Embase (Elsevier),
and Cochrane Library (Wiley) using keywords and sub-
ject headings related to “keloid” and “treatment” The
full search strategy is available at https://doi.org/10.
18131/g3-b39v-s030.

Inclusion criteria

Articles were included if they were peer-reviewed, had
a prospective study design (including non-randomized
interventional studies and randomized controlled tri-
als), reported on clinical outcomes of keloid treat-
ments, and were published in English between January
1, 2010, and the day searches were conducted (Novem-
ber 24, 2020).

Screening and study selection

Studies from the search result were downloaded into
an EndNote database. Two reviewers independently
screened titles and abstracts of all obtained studies,
ensuring studies met the inclusion criteria. Any disa-
greements were then consulted with a third independ-
ent reviewer. Full texts of studies that were included
by title and abstract screening were further reviewed,
again independently by the two reviewers. Any disa-
greements were also consulted with a third independ-
ent reviewer as needed.

Risk-of-bias assessment

Risk of bias for studies that were classified as rand-
omized controlled trials was evaluated with the RoB 2:
a revised Cochrane risk-of-bias tool for randomized tri-
als [14]. Five categories of bias — randomization pro-
cess, deviations from intended interventions, missing
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outcome data, measurement of the outcomes, and the
selection of reported outcomes — were assessed using
the RoB 2 algorithm and classified as low risk, some
concerns, high risk, or no information.

For studies that were non-randomized interventional
trials, the risk of bias in non-randomized studies of
interventions (ROBINS-I) assessment tool was used to
evaluate the risk of bias in seven categories: confound-
ing, selection of participants, classification of interven-
tions, deviations from intended interventions, missing
data, outcome measurement, and selective reporting
[15]. The ROBINS-I guide was used to grade each cat-
egory as low risk, moderate risk, serious risk, or no
information.

Figures of the risk-of-bias results were created using
the risk-of-bias VISualization (robvis) online tool [16].

Data extraction

Two reviewers independently extracted data from the
studies in the EndNote database. The following data were
extracted as follows:

1. Publication details: Authors and date of publication

2. Study design: Le., randomized control trial, single- or
double-blind, split-scar study

3. Participants: Number of participants and demo-
graphics

4. Type of treatment or intervention

5. Outcomes including subject- and physician-reported
responses to treatment, objective measures of treat-
ment, recurrence rates, follow-up time, and adverse
events.

Data synthesis

We were not able to pool data from multiple studies
given the heterogeneity of measurements used for quan-
tifying outcomes. Data extracted from eligible studies
were analyzed using a narrative approach. This synthesis
aimed to provide an evidence-based review of all pro-
spective data regarding keloid treatments and outcomes
in the last decade.

Results

Overview

There were 3462 articles included in the literature
search. Screening of titles and abstracts yielded 440 arti-
cles for full-text evaluation, of which 108 were included,
305 were excluded, and 27 did not have full texts avail-
able to obtain (Fig. 1). Exclusion reasons included ret-
rospective study design (80), wrong publication type
(50), wrong study design (45), nonclinical outcome (14),
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wrong population (14), hypertrophic scar (96), and for-
eign language (6).

The total sample size was 4552 subjects (range of
6—-240). The follow-up times varied from 4 weeks to 10
years. There were 37 randomized studies, 4 split scar
studies, and 1 placebo-controlled studies.

Risk of bias in the 37 randomized controlled trials was
low overall throughout the domains assessed in RoB 2
(Fig. 2). The measurement of outcomes domain had the
highest proportion of studies with some concerns of bias,
mainly due to lack of evaluator blinding and differences
in timeframe of follow-up amongst the interventions (see
Additional file 1 for the RoB 2 assessment for each study).
Similarly, majority of non-randomized interventional
studies were rated as low or moderate risk of bias with
the ROBINS-I algorithm (Fig. 3). Only 4 out of the 71
non-randomized interventional studies had some com-
ponents of serious risk of bias (see Additional file 2 for
the ROBINS-I assessment for each study).

Corticosteroids

Intralesional corticosteroids are the most commonly
used nonsurgical treatment for keloids (Table 1). Intral-
esional triamcinolone acetonide (IL TAC) 10-40 mg/ml
is most ubiquitous and induces keloid regression through
a variety of proposed mechanisms including suppression
of dermal inflammation, reduction of oxygen delivery
to the wound bed via vasoconstriction, and antimitotic
activity in keratinocytes and fibroblasts [17]. In review of
19 articles, there was unanimous clinical improvement in
keloids with intralesional corticosteroid treatment. How-
ever, the degree of improvement and its relationship with
treatment characteristics such as dosage, frequency, and
timing of injections were variable [18-36].

In terms of dosing, 20—40 mg/ml of triamcinolone ace-
tonide was most commonly investigated (8 of16 studies).
Notably, a study by Huu et al. compared IL TAC 7.5 and
14 mg/cm? and found a larger proportion of “good” and
“quite good” results in the smaller dosage group; how-
ever, the size and characteristics of the studied keloids
were not specified [28]. Frequency of treatments ranged
from single injections to weekly and monthly injections.
Aluko-Okun et al. (2016) studied optimal TAC dosing
and observed the greatest reduction in keloid volume
with 2-week treatment intervals [21].

Intralesional TAC was combined with surgical exci-
sions in several studies with mixed results. Tripoli et al.
reported no recurrences in subjects treated with two dos-
ages of TAC after radial excision at their 2-year follow-up
[35]. This is compared to the 9 controls who were excised
without TAC and demonstrated a 67% recurrence rate.
However, Dos Santos et al. compared excision +/— 3
weeks of preoperative 20-mg triamcinolone hexacetonide
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and found no significant difference in keloid dimensions
at 6-month follow-up [26]. Bashir studied intraoperative
TAC vs. intraoperative and postoperative TAC in 70 sub-
jects and found no significant difference between the two
groups [23]. Finally, when IL TAC 20 mg/ml was com-
bined with intralesional radiofrequency in a cohort of 60
subjects, Kaushal et al. reported fewer recurrences at 6
months compared to IL TAC alone [29].

In addition to treatment parameters, keloid response is
likely influenced by lesion characteristics. Aluko-Olokun
et al. (2014) compared response of sessile vs. peduncu-
lated lesions to TAC 10 mg and found a lack of response
by pedunculated lesions compared to flattening of 23 of
the 26 treated sessile lesions [19].

While topical steroids are less commonly used in the
treatment of keloids, Nor et al. compared IL TAC 40 mg/
ml monthly for 3 sessions to daily topical clobetasol pro-
pionate 0.05% cream under occlusion with silicone dress-
ing [30]. There was no significant difference in reduction
in keloid size; however, topical treatment resulted in sig-
nificantly fewer adverse effects.

Finally, there is innovation in TAC drug delivery
modalities, including a metal syringe and drug embed-
ded microneedles. The metal syringe was proposed by
Aluko-Olokun et al. as a new delivery system to address
the issues of syringe failure and inadequate drug deliv-
ery to firm lesions [20]. Dissolving microneedles are
self-administered once a month, empowering patients
in their own care and reducing the inconvenience of
frequent office visits. Initial studies suggest that these
alternate delivery methods yield superior results com-
pared to traditional plastic syringes. However, for
TAC embedded microneedle arrays (MNAs), the vol-
ume decrease seems to be transient and not a durable
response [33, 34].

Cryotherapy

Cryotherapy or cryosurgery is a long-standing tech-
nique which relies on the reduction of temperature to
cause irreversible cellular damage (Table 2). For treat-
ment of keloids, studies have shown that cryotherapy
transitions the keloidal fibroblasts towards a normal
fibroblastic phenotype, increasing the ratio of type 3 to
type 1 collagen in vitro [37, 38]. An additional advan-
tage is that the decellularized matrix is left as a scaf-
fold, possibly preventing recurrence. Cryosurgery alone
has been shown to flatten keloids [39]. Intralesional
verapamil, cryosurgery alone, or cryosurgery with
intralesional TAC or verapamil all showed significant
(p < 0.001) improvement in all VSS variables with no
difference from cryosurgery with IL TAC [40]. Simi-
larly, Fraccalvieri showed that cryosurgery alone or in
combination with shave removal led to a majority of
subjects (83% of 76 subjects) experiencing a 75-82%
decrease in keloid height [41]. A smaller study of 12
subjects showed that a combination of shave removal,
cryosurgery, and IL TAC had only 1 recurrence with
75% of subjects seeing a significant reduction in thick-
ness [42]. Additionally, a combination of surgical exci-
sion, cryosurgery, and platelet-rich plasma (PRP) led to
70% of the 50 subjects observing improvement in keloid
height and a recurrence 6 lesions after 7 months of fol-
low-up [43].

Intralesional cryotherapy was first introduced in 1993
[50]. Patni et al. showed that with up to three sessions
of intralesional cryotherapy, subjects saw a significant
improvement of POSAS, and 50% of subjects saw a scar
surface reduction of about 92% [48]. Additional recent
investigation in the field of keloid treatment has com-
pared intralesional cryotherapy to open spray cryo-
therapy. Mourad et al. and Abdel-Meguid et al. both
showed that intralesional cryotherapy improved clinical
appearance of keloids [44, 47]. However, a randomized
trial by Bijlard et al. was terminated prematurely due
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to intralesional cryotherapy having inferior results to
excision and IL TAC for primary keloids and excision
and RT for resistant keloids [46]. A new innovation to
intralesional cryotherapy is the use of argon in place
of liquid nitrogen. The benefit is more controlled and
accurate freezing and has a well-established history
of use within the field of oncology. Van Leeuwen et al.
showed a volume reduction of 62% [49]. However, fur-
ther comparative studies will likely be required for such
a technique to become more widely adopted.

Intralesional injection

Many non-corticosteroid intralesional injections and
combination treatments have been studied for keloid
treatment including verapamil hydrochloride, 5-fluo-
rouracil (5-FU), bleomycin, botulinum toxin A (BTA),
hyaluronidase, and platelet-rich plasma (PRP) (Table 3).
In many cases, TAC was used as the control group treat-
ment when investigating these other agents.

Verapamil is a calcium channel blocker that sup-
presses extracellular matrix molecules formation and
promotes collagen breakdown. It is commonly used in
the concentration of 2.5 mg/ml when treating keloids.
In several noncontrolled studies, verapamil treatment
alone or in combination with keloidectomy or pulse dye
laser (PDL) resulted in decreased VSS scores and posi-
tive clinical response [51, 55, 61]. However, intralesional
verapamil was inferior when compared to IL TAC. In a
double-blinded controlled trial comparing 4 monthly
doses of verapamil to identically scheduled TAC 5 mg/ml
in 14 keloid lesions, there was significantly higher recur-
rence rates at 12-month follow-up with a hazard ratio
for recurrence of 8.44 ( 95% CI 1.62—44.05) [54]. In their
intraindividual study, Saki et al. compared verapamil +
cryotherapy to TAC 20 mg/ml + cryotherapy in opposite
ends of the same lesion (a split scar study); results showed
statistically greater reduction in height and improved pli-
ability in the TAC group [68].

Bleomycin is an antineoplastic agent that causes necro-
sis of fibroblasts. Two studies investigated bleomycin and
demonstrated its utility in keloid treatment [59, 74]. Khan
et al. most robustly showed this effect in 164 keloids: 6
doses of monthly 1.5 IU/m was more effective than iden-
tically scheduled TAC 40 mg/ml, achieving 50% reduc-
tion in the POSAS score from baseline. This difference
was independent of age, gender, Fitzpatrick skin type, the
duration of keloids, or baseline POSAS score [59].

The antimetabolite 5-FU inhibits fibroblast prolifera-
tion through disruption of DNA replication. 5-FU is used
independently and in combination with other treatments,
most commonly IL TAC. Saha et al. compared 5-FU
with TAC in 44 subjects and showed both were equally
effective [67]. Ali et al, in a randomized controlled trial

Page 11 of 33

comparing 50 mg/ml 5-FU alone with combination 5-FU
50 mg/ml (0.9 ml) 4+ 40 mg/ml TAC (0.1 ml), showed that
reduction of mean keloid height after treatment was sig-
nificantly greater in the combination group (p = 0.0008)
[53]. Saleem et al. similarly showed a combination of
TAC+5-FU had significantly greater improvement in
VSS than TAC alone in 100 subjects [69]. Sagheer et al.
demonstrated similar superiority of combination TAC
40 mg/dl (0.1 ml) and 5-FU 50 mg/ml compared to 5-FU
alone [66]. Notably, adverse effects were not reported in
either study; however, in another noncontrolled study,
Reinholz et al. demonstrated local adverse effects in >
90% of their subjects, including hyperpigmentation, tel-
angiectasia, and ulceration [64]. Srivastava et al. com-
pared TAC vs. 5-FU vs. TAC + 5-FU and showed all
improved VSS scores compared to baseline in 60 sub-
jects [75]. Finally, Sadeghinia et al. compared intrale-
sional TAC 40 mg/ml to 5-FU applied by a unique tattoo
method [65]. In the latter group, 5-FU 50 mg/ml solution
was dripped on each 1 cm? of the lesions. Subsequently,
40 punctures per 5 mm? were made followed by a second
round of 5-FU drip application. This methodology theo-
retically allows for deeper and more even penetration of
the drug and resulted in significantly decreased indura-
tion and pruritus and improved observer assessment by
a blinded dermatologist with respect to overall improve-
ment on a 5-point scale.

Botulinum toxin A (BTA) is a neurotoxin known for
its paralytic effects. Its utility in keloid treatment may be
related to reduction of muscular tension at wound sites
and direct fibroblast regulation. No significant difference
was found in 2 double-blinded controlled trials compar-
ing 5 IU/cm?® to TAC 10 mg/ml and BTA 20 p/ml to TAC
20mg/ml, respectively [63, 70]. Interestingly, in a head-
to-head comparison between 5-FU 50 mg/ml and BTA
2.5 U/cm®, Ismail et al. showed significantly greater flat-
tening by BTA (p = 0.04) [58]. As a combination therapy,
Gamil et al. showed significantly (p = 0.0001) reduced
keloid surface area in 24 keloids treated with intralesional
BTA and TAC compared to 26 subjects treated with TAC
or BTA alone [56].

The enzyme hyaluronidase catalyzes the breakdown
of the mucopolysaccharide hyaluronic acid. Although it
has been studied in the treatment of keloids, its mecha-
nism of action is not clearly understood. Aggarwal et al.
showed that TAC + 1500 IU/ml hyaluronidase had simi-
lar clinical efficacy compared to triamcinolone alone but
fewer side effects (18.75% subjects developed atrophy
with combination in comparison with 31.25% subjects
with triamcinolone alone, p < 0.001, chi-square test) [52].
The author highlights that in the combination group,
the TAC dosage was effectively halved, suggesting a syn-
ergistic effect of TAC and hyaluronidase combination
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treatment. Velurethu et al. showed a combination of
intralesional 5-FU, TAC, and hyaluronidase every 4
weeks for 50 subjects with 60 keloids led to flattening in
65% and > 90% reduction in scar volume in 35% of keloids
after 4 sessions [72]. Only two recurrences were observed
at follow-up after 6 months.

PRP is autologous platelet concentrate that is used in a
variety of conditions to promote wound healing, decrease
pain, and combat inflammation. In an RCT comparing
gold standard IL TAC 20 mg/ml every 3 weeks for 4 ses-
sions to identically scheduled IL TAC followed by 1 injec-
tion of PRP, the latter was shown to have superior keloid
response and fewer adverse effects [57].

In combination with keloid excision, intralesional treat-
ment with the previous therapeutics is used to decrease
recurrence rates. Khare et al. treated the wound bed and
margin with 5-FU after excision for 28 subjects [60]. They
observed a recurrence rate of 3.57% in the 28 treated sub-
jects compared with a 21.9% recurrence rate over 1 year
in the 32 control subjects treated with IL TAC. Similarly,
Wilson et al. treated 80 subjects with excision followed
by IL 5-FU and BTA 9 days post surgery and observed
a recurrence rate of 3.75% [73]. Pruksapong et al. rand-
omized 25 subjects with 50 keloids to keloid excision and
then IL TAC or IL BTA [62]. Subjects receiving IL BTA
had significantly (p < 0.010) decreased VSS.

Light-based therapy

Lasers

Both ablative and non-ablative lasers have been pro-
posed for the treatment of keloids (Table 4). Abla-
tive lasers include the erbium (Er:YAG) laser and CO2
laser, and they cause local tissue destruction by target-
ing the water chromophore. Non-ablative lasers such
as ND:YAG, diode lasers, and pulsed dye lasers (PDL)
target melanin and/or hemoglobin. The mechanism by
which lasers treat keloids is less clear and may include
local damage to lesional blood vessels or direct fibroblast
suppression. While lasers can be used as independent
therapy for keloids, they are also being investigated in
combination with therapeutics to assist in drug delivery
and penetration. In our cohort of prospective studies,
CO, lasers were the most frequently investigated, fol-
lowed by erbium ablative lasers, ND:YAG, diode lasers,
and finally PDL.

In their RCT of 60 subjects, Behera et al. found no
significant difference in therapeutic response by keloids
treated with 5 sessions of CO, laser compared to cryo-
therapy, both in conjunction with IL TAC 40 mg/ml [78].
However, CO, laser therapy yielded more frequent early
adverse effects. A prospective study of 41 keloids treated
with CO, followed by topical TAC 40 mg/ml Q4 weeks
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for 8 sessions showed a recurrence rate of 10.5% at 24
months [83]. Garg et al. similarly showed a recurrence
rate of 11.7% in subjects treated with CO, with regular
follow-up of IL TAC in 35 treated keloids [80]. Unfor-
tunately, there were no studies of CO, laser + IL TAC
compared to IL TAC alone, precluding the direct evalu-
ation of CO, laser treatment. Srivastava et al. compared
CO, ablative laser alone compared to IL TAC 40 mg/
ml alone and found no significant differences between
keloid response but faster improvement in the IL TAC
group [71].

In a split-side controlled study, Abd El-Deyem et al.
demonstrated the superiority of fractional ablative 2940
nm Er:YAG laser-assisted delivery of betamethasone vs
IL TAC 10 mg/ml alone [76]. The difference in steroid
used between groups is a significant confounding vari-
able. Conlflicting results were reported in another study
where no difference in clinical improvement was appre-
ciated between keloids treated with Er:YAG laser and
IL TAC 10 mg/ml versus topical desoximetasone 0.25%
ointment with 3-h occlusion [84].

A prospective study of 62 subjects showed that the
addition of 1064-nm Nd:YAG to IL disprospan and IL
5-FU resulted in superior results compared to either drug
alone or the two combined (78% excellent responses vs.
58% and 20%) [79]. These results make a compelling case
for Nd:YAG-assisted drug delivery. Annabathula et al.
combined Nd:YAG, CO,, and PDL Q4 weeks for 5 ses-
sions. In their 11 subjects whom completed the study, 5
showed minimal to no improvement, 4 moderate (26—
50%), improvement, and 2 > 50% improvement based on
size, color, and aesthetic impression by three blinded der-
matologists [77].

Kassab et al. followed clinical improvement of earlobe
keloids treated with 980 nm diode followed by IL TAC 40
mg/mL Q3 weeks for a variable 2—5 sessions [81]. While
7% of lesions shrunk at least 75% in size, the sample size
was small (z = 16).

Photodynamic therapy
There is sparse but emerging evidence on the utilization
of photodynamic therapy (PDT) in treating keloids and
hypertrophic scars (Table 5). PDT is typically admin-
istered following the application of a photosensitizing
agent such as 5-aminolaevulinic acid (ALA). While the
mechanisms underlying the response of keloids to PDT
are still under investigation, PDT is emerging as a poten-
tial adjunct therapeutic option for keloid treatment.
Basdew et al. conducted one of the first large-scale
studies investigating the clinical use of PDT for keloid
treatment, comparing surgical excision with either
adjunctive interstitial brachytherapy or ALA applied
to the wound bed followed by postoperative interstitial
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Table 5 Photodynamic therapy
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First author, Study design  Treatment Duration N Outcome(s) Follow-up Adverse Comments
year time events
Bu et al, 2020 P (split scar Excision +RT  PDT Q1 wkfor 10 VSS 7.20 vs 20 months Pain, hyper-
[85] control) (5 Gy every 5 4 treatments 6.25at 20 pigmentation,
days) then split months (w/o blister
scar PDT vs w/PDT)
Basdew et al,, P controlled Excision +RT  Q6éhrsvsinter- 34 subjects Observers 64 vs 344 Burning with
2013 [86] (9Gy x2) vs stitial PDT at treated for 45 POSAS 19.1 weeks (RT vs interstitial PDT
excision +PDT 4h,6h,and3  keloids vs 246 (RT vs PDT) requiring IV
days, later sub- PDT) opioids
jects received Independent Topical PDT
6 1wk topical observers sessions
PDT POSAS 14.6 required
vs 18.6 (RT vs oral NSAIDs,
PDT) morphine, or
transdermal
fentanyl

P prospective trial, RT radiotherapy, Gy gray, PDT photodynamic therapy, gn every n

PDT using an inserted transparent catheter with a cylin-
drical diode laser diffuser [86]. Subjects and observers
were more satisfied with results after brachytherapy than
PDT; however, subjects had a positive general impres-
sion after PDT. Adverse effects of burning were present
for all subjects during interstitial illumination treatments
necessitating intravenous opioids. Topical PDT sessions
were better tolerated. Bu et al. preformed a prospective
trial comparing surgery and superficial X-ray radiation
therapy vs. surgery, superficial X-ray radiation therapy,
and PDT in the split scar study in 10 subjects [85]. Both
treatments noted significant symptom reduction. Only 1
keloid was painful at baseline which was relieved in both
treatment groups by 6-month follow-up but reappeared
in the treatment of postoperative radiation alone at
20-month follow-up. One of the ten subjects experienced
keloid recurrence at 20 months on both sides of the
scar. Adverse effects of mild pain were noted with PDT
as well as one blister developing after PDT. Mild hyper-
pigmentation was observed in 6 subjects at 6-month
follow-up of both treatment groups with gradual relief by
the 20-month follow-up. These studies highlighted that
although PDT carries the adverse effect of pain, it can
potentially be a beneficial adjunct therapy.

Radiotherapy

Surgical excision of keloids is a potential treatment for
mature keloids after failure of first-line therapies. How-
ever, as a monotherapy; it is associated with a recurrence
rate of up to 100% [87]. To reduce the risk of recurrence,
combination treatment modalities have been used. Sur-
gical excision followed by radiation therapy has been
showed to be highly effective at reducing recurrence
(Table 6). Reduction in fibroblast proliferation and

suppression of collagen synthesis by downregulation
of TGF-beta and histamine release from mast cells is
thought to be the underlying mechanism of action. Typi-
cal side effects include dyschromia and telangiectasia.

Direct comparisons of methods of keloid treat-
ment are lacking. Aluko-Olokun et al. showed that
IL TAC was superior to excision + RT in flatten-
ing facial keloids [88]. Similarly, Khalid et al. showed
keloids treated with excision followed by IL TAC and
5-FU recurred in 8 of 30 subjects compared to 17 of 30
keloids treated with excision + RT at 6 months [110].
In contrast, Emad et al. found lower treatment failure
and higher patient satisfaction with excision + RT than
IL TAC and cryotherapy [90].

The majority of studies of excision + RT show admin-
istration of radiation within 24 h. Lee et al. compared
timing of RT after excision. Of 37 keloids treated, 7
recurred with 1 being treated within 24 h and the other 6
treated after 72 h [99]. There have been a range of radia-
tion doses and schedules investigated in the treatment of
keloidal scars with no clear consensus on optimal dose
and schedule. Recent evidence examining outcomes of
keloids treated with excision and radiation therapy has
recurrence rates ranging from no recurrence of the 26
and 16 treated keloids [104, 105] to 56.6% recurrence
in 30 treated keloids [110]. Jiang et al. (2015 and 2018)
showed low recurrence rates of 2 of 32 treated keloids
(6%) and 3 of 37 keloids (8.1% )[95, 96], and Dunst et al.
(2013) showed no recurrence with excision followed by
18 Gy of RT in 3 fractions over 36 h [89]. With the same
total dose of radiation, Jones et al. showed a recurrence
rate of 19% with RT divided over 4 days [97]. In another
more extended schedule of radiation, Mohammadi et al.
showed no recurrence over a minimum follow-up of 11
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months for keloids treated with excision followed by 3
Gy of radiation daily for 5 days [104]. Vila Capel et al.
demonstrated a higher 24% recurrence for excision fol-
lowed by 15 Gy of radiation over 5 fractions given over
1 week using an electron beam with a novel aluminum
spoiler [108].

Van Leeuwen et al. found a recurrence rate of 3.1% with
excision followed by 12 Gy of RT in two fractions within
24 h [106]. In contrast, 12—15 Gy of radiation divided into
three fractions started within 24 h of excision for repeat
C-section keloids showed a recurrence rate of 23% (Kim
2012) [98]. A single 13-Gy dose of brachytherapy within
2 h of excision from an implanted catheter also showed
a similar rate of recurrence of 24% (Hafkamp 2017) [94].
Vera et al. showed a recurrence rate of 4.9% with excision
followed by 12 Gy of brachytherapy in 4 fractions every
12 h (Vera, 2019) [105]. Song et al. also investigated a
single radiation dose, showing no recurrence with exci-
sion followed by one dose of 10 Gy of radiation within 72
h and continued pressure therapy and oral tranilast (no
dose specified, approved in Japan and South Korea) for
greater than 3 months [105]. Combination of therapies
showed a recurrence rate within the range seen for either
excision or RT. Using a combination of excision, intraop-
erative intralesional triamcinolone, one dose of 10 Gy of
radiation within 20 h of excision, and 12 weeks of silicone
sheeting with pressure therapy if VSS was > 5 was shown
to have a recurrence rate of 12.5% for auricular keloids
(Masoodi 2014) [103].

Examining specifically chest wall keloids, studies have
focused on precut and pre- and post-RT methods. Zeng
et al. showed only one subject with mild hypertrophic
scaring after a protocol of precutting for excision, two
doses of pre-radiation, excision with flap repair, and post-
op RT [109]. Li et al. compared a similar precut method
to more conventional excision + radiation for treatment
of chest wall keloids [100]. The pre-cut, pre-RT method
was superior with a 16.7% recurrence rate compared to
55.2% with only post-excision radiation. In a larger study
of this technique, Li et al. demonstrated a recurrence rate
of 12.79% over 24 months of follow-up using the precut,
pre-radiation method [101].

Liu et al. demonstrated a novel surgical technique of
dissecting the keloid tissue from the overlying skin for
use as a flap during repair [102]. Excision was followed
by RT at days 1 and 7 post-op and hyperbaric oxygen at
day 2. Continued silicone and pressure bandaging was
used for 6-12 months. Over 18 months of follow-up, the
recurrence rate was 11.1%.

Radiation as a monotherapy has also been investigated
in the form of personalized patches containing either
rhenium-188 or phosphorus-32. Subjects have generally
shown flattening of their treated keloids with 59-77%
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showing > 50% flattening, with the highest percentages in
those treated with a P-32 patch [91-93]. The side effects
of treatment were radiation dermatitis, which was no dif-
ferent between the P-32 and Re-188 patches.

Silicone and pressure

Alteration of mechanical forces such as application
of pressure or reduction of wound tension has been a
long-standing treatment for keloids (Table 7). There has
been sparse research examining the use of pressure as a
monotherapy for keloids. One such study was a prospec-
tive noninvasive intervention study examining the daily
application of traditionally worn tight clothing for 2 years
conducted by Aluko-Olokun et al. [111] A mean volume
reduction of 66.8% was seen in keloids with peduncu-
lated lesions and 100% in keloids in sessile lesions. This
study highlights the possible effectiveness of tight cloth-
ing as a noninvasive therapy for keloids, especially those
with sessile morphology.

Wound tension has been implicated in the pathogen-
esis of keloid formation. Chen et al. examined the use of
a tension offloading device (TOD) applied for 6 months
immediately after surgical excision [115]. After 2 years
of follow-up, 35 of 38 subjects achieved healing with no
recurrence. The use of the TOD requires high patient
compliance. According to the authors, the 3 subjects that
experienced recurrence in the study were noncompliant
with recommended guidelines for TOD use.

A prospective observational study by Tanaydin et al.
followed 28 subjects that underwent surgical excision fol-
lowed by application of a custom molded adjustable pres-
sure clip to be worn 12 to 16 h per day for an average of
12-15 months [118]. In the group that reported nonre-
currence (71%), subjects were more compliant with ther-
apy compared to the recurrence group. Another method
of applying adjustable pressure is through magnets as
studied by Park et al. where the outcomes of 40 subjects
undergoing surgical excision of pure helical rim keloids
followed by silicone gel sheets sandwiched between mag-
nets for 12 h a day for 4 months were recorded [82]. At
18-month follow-up, there was a recurrence-free rate of
95% alongside a significant reduction in pain, itch, stiff-
ness, thickness relief, and pliability on POSAS; no adverse
events were reported.

The use of adjuvant therapy following surgical excision
and application of pressure dressings has also been stud-
ied. Hatamipour et al. preformed a double-blinded ran-
domized control trial comparing surgical excision with
topical silicone vs adjuvant treatment with 5-FU [117].
At 1-year follow-up, 75% of subjects receiving all three
therapies were keloid-free. Similarly, there have been
studies examining adjuvant TAC injection with pressure
therapy. De Sousa et al. performed a study examining
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surgical excision with intraoperative and postoperative
TAC injection every 3 weeks for 12 weeks as well as sili-
cone pressure dressing applied postoperatively for 48 h
[116]. Keloid recurrence of 9.1% was seen at the end of
follow-up at 16 months. Carvalhaes et al. also examined
the use of intralesional TAC given before excision, perio-
peratively, and postoperatively [114]. Pressure earrings
were used following excision in all groups. IL TAC at 20
mg/ml and 40 mg/ml were effective with no difference
between groups. In a study by Bran et al., 7 subjects that
underwent surgical excision of auricular keloids with cor-
ticosteroid injection followed by application of a custom-
made pressure device had complete resolution with no
recurrence at 2-years follow-up [113]. Bae-Harboe et al.
examined injection of collagenase Clostridium histolyti-
cum to earlobe keloids followed by use of compression
earrings [112]. An average of 50% reduction was seen in
all keloids.

Other treatments
Recent prospective studies have focused on novel treat-
ment methods (Table 8). Extracorporeal shockwave
therapy (ESWT) as a monotherapy for keloids showed a
reduction in volume, height, and appearance that was not
significantly different compared to intralesional triamci-
nolone [119]. When ESWT was combined with IL TAC,
Kim et al. noted a significant improvement in VSS com-
pared to IL TAC alone, with no significant difference in
side effects [120]. Further long-term studies of the effect
of ESWT would be interesting as an additional treatment
modality prior to excision. Application of a drug-free
solid microneedle array found that after 4 weeks of treat-
ment, there was a transient decrease in volume without a
difference in VSS compared to an untreated control [121].
The treatment modality was well tolerated, but given that
the volume improvement was lost, it is unclear what, if
any, therapy duration would be needed for a durable clin-
ical response. Finally, a custom radiotherapy patch led to
durable symptomatic improvement and reduction in size
in elevation [122]. Further studies will be needed to show
how well these patches perform compared to standards
of care such as IL TAC. Radiofrequency, most often used
in cosmetic procedures such as micro-needling as well as
ablative procedures for malignancy, was combined with
IL TAC for the treatment of keloids. Weshay et al. treated
21 subjects with 3 to 4 sessions of radiofrequency and
then IL TAC, and of the 18 subjects who completed the
study, there was a 95.4% reduction in mean volume [123].
Many new treatment modalities were investigated as
adjunctive therapy with excision. Oral colchicine taken
1 month prior to excision until 1 year after impressively
found no recurrence during the follow-up period, though
only 10 subjects were treated (Sigler 2010) [128]. Excision
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with IL-TAC until scar flattening was compared to post-
excision 5% topical imiquimod every other night for 12
weeks, showing a reduction in recurrence from 50 to
21.43% [126]. Berman et al. found a very promising recur-
rence rate of 7.7% for keloids treated with excision and
then placement of a porcine hydrogel scaffold [124]. Sim-
ilarly, Garakaparthi et al. showed a 19.2% recurrence rate
with excision and then administration of a hydrogel scaf-
fold for treatment of ear lobe keloids [125]. To improve
upon the low recurrence rates of excision followed by RT,
Song et al. investigated the addition of hyperbaric oxygen
therapy daily for 2 weeks in addition to excision and RT
and found it reduced the recurrence rate to 5.9% com-
pared to 14.15% with excision and RT alone [129]. Lastly,
Salunke et al. showed that a ligation with cauterization
method reduced the recurrence rate from 70% with liga-
tion alone to 10% [127].

Discussion and recommendations

Pressure and silicone-based therapies have long-standing
data behind their efficacy and safety when used both as
prevention after surgery and treatment of established
keloids, as has been noted by multiple recent consen-
sus guidelines [130]. Recent evidence contributes simi-
lar results to the collective literature, showing silicone
dressings decreased recurrence while being both safe
and well tolerated. Only one recent study examined pres-
sure therapy without excision. Bae-Harboe showed a 50%
improvement with pressure earring applied after intral-
esional collagenase administration. Flatter lesions would
likely respond better in combination with corticoster-
oid impregnated tape and silicone dressings [131]; how-
ever, no recent studies have compared these modalities.
Overall, these studies highlighted that the key to effec-
tiveness of compression therapy may lie in compliance
as well as providing adequate levels of pressure. Limita-
tions to pressure therapy include conspicuous nature of
devices, keloid morphology, and patient comfort. Pres-
sure therapy may provide some effect for those looking
for conservative treatment for keloids, but effectiveness
is increased with combination therapy and with adjust-
able pressure devices worn for at least periods of 12 h. As
ways to manipulate mechanical pressure to treat keloids
are explored, the reduction of tension utilizing special
tension offloading devices shows promise.

For established keloids, intralesional corticosteroids are
the first-line treatment with or without additional thera-
peutics topically or intralesionally, as is recommended
by many consensus guidelines [131-134]. Recent studies
have focused on how best to administer IL TAC. Optimal
interval timing between injections was suggested to be 2
weeks, though standard of care is typically 4—6 weeks, so
further studies confirming this will be needed to change
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clinical practice. As clinically suspected, sessile lesions
were found to respond better to IL TAC compared to
pedunculated keloids. The role of IL TAC as an adjuvant
to surgical excision continues to have conflicting results
in the literature, and some studies lack a control group,
making it difficult to recommend compared to methods
such as excision with adjunctive RT, which has consist-
ently low recurrence rates.

Other intralesional injections including botulinun toxin A
(BTA), bleomycin, mitomycin C, PRP, and collagenase have
been recently investigated. The success of treatment with
verapamil is mixed and treatment both as an intralesional
therapy or as an adjuvant to cryotherapy or excision; vera-
pamil has not consistently outperformed IL TAC. However,
verapamil is well-tolerated, so likely lower risk of adverse
events. 5-FU has been extensively studied, and recent litera-
ture has confirmed synergy in treatment with IL TAC, out-
performing either treatment alone in multiple comparative
studies, though does have an increased risk of ulceration.
5-FU tattooing has shown promising results, outperform-
ing IL-TAC in a randomized double-blinded study. In recent
studies, bleomycin did not outperform IL TAC and had an
increased risk of bulla and ulceration. Interestingly, BTA
outperformed 5-FU alone and was found to have no dif-
ference compared to IL TAC in a double-blinded study,
with a low risk of hypopigmentation. Surgical excision with
adjuvant cryotherapy and PRP showed a recurrence rate of
16.21%, though since the study had no control group, fur-
ther study is needed to recommend PRP.

Intralesional cryotherapy is recommended for smaller
lesions [131]. Recent comparative studies have shown that
intralesional cryotherapy was less effective than excision +
IL TAC or excision + RT for resistant keloids, leading to
early termination of the trial. Intralesional cryotherapy was
shown to have better clinical improvement in two recent
studies. Intralesional cryotherapy is a better option for
keloids with greater thickness and are not optimal candi-
dates for excision.

Light-based treatment, most commonly PDL or ablative
laser therapy, has been recommended as a second-line
therapy prior to excision [132]. Fractional CO2 showed
no difference in improvement compared to IL verapamil
or TAC, and efficacy of CO2 laser with IL TAC compared
to cryotherapy with IL TAC was not significantly dif-
ferent. Given the cost and access barriers, laser is likely
best in combination with IL or topical CS therapy for the
best clinical outcomes shown by multiple recent studies
showing improvement with laser treatment followed by
IL TAC and/or 5-FU [79-81]. Laser-assisted delivery of
corticosteroids and combination of different lasers for
treatment of keloids are emerging treatments. Recent
studies have shown comparable or slightly improved
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results with Er:YAG or CO2 followed by topical corticos-
teroid and occlusion as compared with IL TAC alone or
IL TACwith laser. PDT is another emerging application
in the field of keloid treatment, though excision followed
by PDT has not been found to be more effective than RT.

Excision followed by radiation therapy has been shown
to consistently reduce the risk of recurrence. Comparison
showed a higher response rate and lower adverse effects
compared to cryotherapy with IL TAC. Brachytherapy
and externally applied radiation have both shown success
with no head-to-head trials. Most successful RT protocols
deliver 12—-18 Gy over 3-5 days with the optimal timing of
radiation beginning within 24 h of excision. For pre-ternal
keloids, a specialized method of pre-cut for excision fol-
lowed by pre-radiation and post-radiation after excision
showed a significantly reduced recurrence rate compared
to excision with post-radiation only. Radiation therapy
alone has shown symptomatic improvement and some
success in flattening lesions, but recent studies have not
compared it to other first-line therapies such as IL TAC.

Recent investigations of novel treatments have had
some promising results. Application of a hydrogel scaf-
fold after excision had low recurrence rates, though have
not yet been compared in randomized comparative tri-
als. Both drug-loaded and drug-free microneedle arrays
have been tried as a less invasive and painful option, but
the clinical improvement has not been shown to be dura-
ble as a monotherapy. ESWT with and without IL TAC
has been shown to have similar results to IL TAC, which
shows promise and warrants further investigation. Topi-
cal imiquimod after excision was shown to have reduced
recurrence compared to excision with IL TAC, which is
a good option for accessible lesions such as ear keloids.
Colchicine as an oral therapy started 1 month prior to
excision showed no recurrence and was well tolerated,
which is a promising systemic therapy option.

Limitations

Although potential treatments for keloids range from
topical and injectable therapeutics to surgical inter-
ventions and light therapies, there is no one consistent
method of treatment that can guarantee response to ther-
apy and prevent recurrence. Evidence for therapies lack
consistent controls, and outcomes are heterogeneous,
making it difficult to compare outcomes across studies.
Heterogeneity of subject characteristics such as family
history, keloid location, skin tension, size, and number, as
well as gender and Fitzpatrick skin type, could all play a
role in keloid response. There are many novel and effec-
tive treatments not included in this review, as non-Eng-
lish language studies, databases from other fields (such
as nursing), case studies, case series, and retrospective
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studies and reviews were excluded from this review of
the past decade of investigation. The field of keloid treat-
ment would benefit from consistent, validated outcomes.
There are multiple standardized tools for the assess-
ment of keloids including the Patient and Observer Scare
Assessment Scale, the Vancouver Scar Scale, and the JSW
Scar Scale, and objective measurements of dimensions,
color, pliability, and perfusion can be compared [135].
Both subject-controlled and split scar studies are success-
ful controls, and randomization with at least evaluator
blinding will improve the quality of evidence. Patient sat-
isfaction and quality of life can also be assessed with the
Dermatology Life Quality Index.

Conclusions

Keloids are a pathologic scarring response to dermal
injury that progress to involve normal tissue outside the
original injury and have a significant impact on quality of
life. With multiple treatment modalities available, first-
line therapy is silicone gel or sheeting with corticoster-
oid injections for more tumoral lesions or tape for flatter
keloids. Providers can consider adjuvant intralesional
5-FU, bleomycin, or verapamil depending on patient
preference and side effect profile. Laser therapy can be
considered in combination with intralesional injection
of corticosteroids or topical steroids with occlusion. For
keloids that inadequately respond, excision with RT of
16-20 Gy over a maximum of 5 days started within 24
h can be considered. Additional treatment with silicone
sheeting and pressure therapy is reasonable with pos-
sible oral colchicine to prevent recurrence. As the field
continues to progress in the understanding of keloid eti-
ology, the promise of new therapeutic targets and more
specialized treatment regimens emerges.
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