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KEY POINTS

� Keloids are a fibroproliferative inflammatory disorder of the skin where scars grow excessively past
the original borders of the inciting agent and invade into normal adjacent tissue.

� At the molecular/genetic level, an autosomal dominant mode of inheritance, a mutation in the pro-
tein N-acylsphingosine amidohydrolase 1, single-nucleotide polymorphisms in noncoding regions
of the genome, and upregulation of critical fibroproliferative genes have all been linked to patients
with keloids.

� Treatment of keloids can be aimed at flattening already formed keloids or at preventing the forma-
tion of keloids after trauma/surgery. A postsurgical treatment regimen is necessary to minimize the
risk of recurrence after keloid excision.

� More basic/translational research as well as published case-control studies are needed.
INTRODUCTION

Keloids are an exaggerated fibroproliferative
response to cutaneous wound healing in which
scar tissuegrowsexcessivelyand invasivelybeyond
the original wound borders. They were first
described as early as 3000 BC in the Edwin Smith
Papyrus, the first known descriptions of ancient
Egyptian medical practice. In the early nineteenth
century, the French Dermatologist Jean Louis Ali-
bert termed these scar keloids based on the Greek
word for crabs claw “cheloide” or “keloide,” refer-
encing the claw-like extension of the scar beyond
the initial wound margins into the surrounding
skin.1 Keloids are raised, firm, fibrotic scars that
can develop up to 1 year after injury to the skin,
sometimes even beyond 1 year, and they do not
tend to regress spontaneously. This contrasts with
hypertrophic scars that tend to form within the first
few months after injury, stay within the margins of
the original wound and may regress spontane-
ously.2 The general pathomechanisms that drive
fibrotic scars and thebiological differencesbetween
the formation of keloids and hypertrophic scars are
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poorly understood, in part due to the lack of suitable
animal models to study.3 Humans are the only spe-
cies known to develop keloids.

Epidemiology

Race/ethnicity, genetic predisposition, and age
may all contribute to keloid predilection. Keloid
incidence rates vary greatly between different
racial groups.4 Studies of keloid incidence in the
general population report a varying incidence
from 4.5 to 6.2 up to 16% in those of African
descent while the incidence in the Taiwanese Chi-
nese and Caucasians is reported to be as low as
less than 1%.1 The relative paucity of keloid inci-
dence data in older publications has led some to
question the notion of an increased prevalence of
keloids in people of color.5 However, recent
studies in head and neck surgical patients and
women after caesarian sections show the inci-
dence of keloid scar formation was significantly
increased in African Americans (0.8% and 7.1%,
respectively) compared with the Caucasian
(0.1% and 0.5%, respectively) and Asian
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populations (0.2% and 5.2%, respectively).6,7

Despite observed differences in keloid incidence,
increased skin pigmentation cannot solely explain
the reported racial/ethnic differences in incidence
rate. In a study of keloids in Africans with albinism,
the prevalence rate of 7.5% was not statistically
different from the overall prevalence rate of 8.3%
in the general population or the 8.5% observed
in the normally pigmented African population.8,9

In general, it is thought that no gender differences
exist in keloid incidence, although some studies
report that keloids are more likely to occur in
women than men.10 Although keloids can develop
at any age, the incidence is highest between the
ages of 10 to 30 years.6,10,11 A peak in incidence
after puberty, exacerbations of keloids during
pregnancy, and decreased occurrences postmen-
opause indicate an endocrinological mechanism
underlying keloid pathogenesis.12

Comorbidities

Keloids are recognized as an inflammatory skin
disorder but evidence supports that the inflamma-
tion is not purely cutaneous because keloids are
associated with several other medical condi-
tions.13 Keloids have been associated with hyper-
tension, obesity, atopy, and osteoporosis. Studies
show an association between hypertension and
keloid formation with hypertension and keloid
size and number having a statistically significant
positive correlation.14 Furthermore, individuals
aged younger than 30 years with keloids have a
higher incidence of hypertension.15 Evidence sug-
gests that obesity may play a role in the presence
of keloids occurring on the ears. A significant dif-
ference in obesity prevalence was seen between
patients with ear-inclusive versus ear-exclusive
keloids.16 Patients with atopic dermatitis have a
higher-than-normal risk of developing keloids;
and the coexistence of other allergic diseases
further increases the risk.17,18 There are conflicting
reports about an association between keloids and
uterine fibroids.19,20 Keloids and osteoporosis
may share a similar pathogenesis through chronic
inflammation. Osteoporosis risk is higher in pa-
tients with keloids compared with controls, espe-
cially in young subjects and subjects without
comorbidities.13 These findings suggest that ke-
loids may be thought of as a cutaneous manifesta-
tion of systemic inflammation.

Pathophysiology/Genetics

The mechanisms behind keloid scarring are
poorly understood and contribute to our inability
to satisfactorily manage this abnormal scarring
process.
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Genetics—A genetic predisposition for keloid
formation is the most relevant patient related fac-
tor in the development of keloids. Work in Asian
and African-American populations have identified
single-nucleotide polymorphisms (SNPs) associ-
ated with keloid formation.21–23 Additional studies
have begun to unravel how these SNPs are asso-
ciated with keloid formation.24 Having a family
member with keloids is associated with increased
keloid prevalence.9–11 Most evidence points to an
autosomal dominant pattern of inheritance with
incomplete penetration and variable expression.
So far, there is one gene that has been identified
in a family with multiple generations affected by
keloids. A rare variant in the N-acylsphingosine
amidohydrolase 1, or ASAH1, segregates within
the family. ASAH1 is known to catalyze the degra-
dation of ceramide into sphingosine and free fatty
acid but its role in keloid pathogenesis remains un-
clear.25 In addition to inherited gene mutations,
epigenetic modifications may also play a role in
keloid pathogenesis.12

Transforming growth factor beta 1—Transform-
ing growth factor beta 1 (TGFb1) is a secreted
cytokine involved in proliferation, differentiation,
migration, and apoptosis; it binds to its receptor
and signal downstream through small/mothers
against decapentaplegic homolog genes
(SMADs), which function as intracellular media-
tors. Overproduction of TGFb1, which occurs in
keloids, has been associated with excessive
deposition of scar tissue and fibrosis in the skin
as well as in other organs. In contrast, TGFb3 is
present in high levels in embryonic skin—embry-
onic cutaneous wounds heal without scarring.26

Hypoxia—Keloids histologically have large
number of microvessels. Partial or total occlusion
of these microvessels may contribute to a hypoxic
microenvironment. This hypoxia is thought to lead
to the upregulation of genes (such as Hypoxia
Inducible Factor 1 Subunit Alpha [HIF1A]) and sig-
nals that lead to proliferation and fibrosis.
Mechanical stress: Tension and strain on wound

edges are important extrinsic factors linked to hy-
pertrophic scar and keloid development.
Increased mechanical tension may lead to
changes in gene expression within fibroblasts.27

Hormones are thought to play a role because
there is a higher incidence and tendency for
keloids to enlarge after puberty and during
pregnancy. Furthermore, tamoxifen is able to
downregulate TGFb1 expression in keloid fibro-
blasts in vitro.28 Immunologically, there are
increased number of macrophages, mast cells,
and epidermal Langerhans cells present. T-lym-
phocytes and dendritic cells are found in keloids
and hypertrophic scars, with evidence of Th2,
lth and Social Security de ClinicalKey.es por Elsevier en julio 19, 2023. 
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Fig. 1. Superficial spreading keloids on the submental
region and neck.
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Th1, Th17/Th22, and JAK3 signaling in keloidal
tissue.29

Patient Evaluation and Clinical Findings

When evaluating a patient with keloids, a thorough
history should be obtained from the patient. Box 1
lists pertinent questions applicable to patients with
keloids. Baseline photographs of the affected
area(s) are important to evaluate the patient’s con-
dition at subsequent follow-up visits. Keloid pa-
tients will usually present with a history of local
trauma or inflammation with subsequent develop-
ment of a scar extending beyond the original
boundary of the wound. The existence of “sponta-
neous keloids”—keloids that occur without any
preceding trauma or inflammation—remains
debated. The chest, shoulders, and back are the
sites most likely to form keloids per trauma
incurred, whereas the ears are the most common
site for keloids to be observed. It is extremely
rare to find keloids on the hands or feet, or on
oral mucosa. Topographic factors that may
influence keloid formation in genetically predis-
posed individuals include areas of increased skin
tension during normal movement,30,31 increased
sebaceous glands,32,33 increased collagen, and
decreased macrophage numbers.34 Keloids can
be described as either superficial-spreading (flat)
keloids or bulging (raised) keloids.1 Superficial
spreading keloids show irregular subepidermal
spread with irregular areas of hyperpigmentation
Box 1
Important questions to obtain when
evaluating keloids/for keloid susceptibility

When did you first notice your keloid(s)?

Have you experienced itching, pain, burning in
your scars?

Does pressure on your scars (eg, seatbelt over
the chest) bother your scars?

Is there a family history of similar scars?

What treatment options have you previously
tried for your keloids? Did they work at all?
Did they work but then the keloids came back
after treatments were stopped?

Do you have any of the following medical
conditions?

Hypertension

Uterine fibroids

Atherosclerosis

Atopic Dermatitis

Osteoporosis
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and hypopigmentation (Fig. 1).1 These lesions
are often raised at the edges while the central
aspect of the keloid is flattened and may represent
a quiescent area. The central area may reflect the
pigmentation of the surrounding skin, whereas the
margins show hyperpigmentation and/or ery-
thema. Bulging keloids are more pendulous or
bulbous in shape and may have limited areas of
central quiescence (Fig. 2). The growth pattern
and the resulting shape may be predominately
determined by local mechanical factors.35

Keloids can be both painful and pruritic.
Studies investigating the effect of keloids on pa-
tients’ quality of life have noted keloids with itch
in 66.7% to 95.0% of patients. Keloids were
associated with pain in 46% to 53.3% of pa-
tients.36–38 Keloids can also be very sensitive to
touch/pressure, making the wearing of a seat
belt difficult for patients with chest keloids. Ke-
loids/hypertrophic scars have been shown to
affect patients’ quality of life as significantly as
psoriasis does.39

Diagnosis Approach and Differential
Diagnosis

Keloid scarring is primarily a clinical diagnosis. Ke-
loids and hypertrophic scars can often be diag-
nosed by visual inspection and/or palpation. The
first step in the Japan Scar Workshop diagnostic
algorithm for keloids, hypertrophic scars, or
mature scars is to determine which of the scars
the lesion is likely to be.3 Benign skin tumors that
resemble keloids and hypertrophic scars include
dermatofibromas, neurofibromas and leiomyo-
mas. Sinus histiocytosis with massive lymphade-
nopathy (Rosai-Dorfman syndrome) may also
appear with keloidal-like plaques. Some malignant
tumors, such as dermatofibrosarcoma protuber-
ans (DFSP), may present with similar clinical
of Health and Social Security de ClinicalKey.es por Elsevier en julio 19, 2023. 
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Fig. 2. Bulging keloid on the lateral neck.
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features as keloids. Palpation around an atypical
appearing keloid revealing focal areas of indura-
tion is suspicious for a DFSP and warrants a bi-
opsy for further evaluation. If the patient
endorses rapid growth of the lesion, a malignant
tumor should be suspected.
Histopathological investigation can differen-

tiate keloids from hypertrophic scars. In both ke-
loids and hypertrophic scars, the epidermis and
the papillary dermis can seem normal in struc-
ture. Hypertrophic scars are characterized by
well-organized, wavy collagen bundles oriented
parallel to epidermis surface. In contrast, keloids
are characterized by disorganized, large, thick,
hyalinized collagen bundles, with poor vascular-
ization and widely scattered small dilated blood
vessels.3,40 Dermoscopy of keloids and hyper-
trophic scars reveals vascular structures more
commonly in keloids than in hypertrophic scars
(90% and 27%, respectively). The dermoscopic
Fig. 3. Keloid before (A) and after (B) surgery with posto
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identification of vascular structures (arborizing,
linear irregular or comma-shaped can be a clini-
cally useful tool to differentiate keloids from hy-
pertrophic scars.41

Treatment

Prevention is better than cure. Patients with per-
sonal history (or family history) are discouraged
from piercings, branding, or unnecessary sur-
geries. It is highly encouraged to pierce earlobes
before puberty due to the hormonal contribution
to keloid pathogenesis.42 Tattoos are also discour-
aged but seem less likely to induce keloids than
the other aforementioned procedures. Surgical
excision is the most definitive treatment option.
However, surgery alone has a high recurrence
rate (45%–100%), with the keloid often returning
larger than the original scar.43 Recurrences are
also more likely to recur within the first 6 months
after the surgical procedure. Therefore, a postsur-
gical treatment regimen started soon after surgery
is necessary to decrease the likelihood for recur-
rence. These regimens are performed for at least
6 months, if not 1 full year, to minimize the recur-
rence risk.
Radiation therapy is often used in combination

with surgical excision, especially if the keloid be-
ing excised is recurrent. Given within 72 hours of
excision; 9 Gy to 16 Gy in 2 to 4 different frac-
tions Recurrence rates after excision with adju-
vant radiation therapy range from 0% to 8.6%.
Mechanism of action is not well known. The
main side effects are dyspigmentation, derma-
titis, and telangiectasias (Fig. 3).44 A systematic
review of 33 studies using radiation therapy
(external beam or brachytherapy) as adjuvant
perative radiation therapy.

lth and Social Security de ClinicalKey.es por Elsevier en julio 19, 2023. 
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therapy postexcision of keloids found that the
lowest recurrence rates were seen with high-
dose radiation brachytherapy, then low-dose
radiation brachytherapy and external beam radi-
ation (10.5% vs 21.3% vs 22.2%, respectively).
A shorter time interval (<7 hours) between exci-
sion and radiation resulted in lower recurrence
(compared with >24 hours).45

Silicone sheets are Food and Drug Administra-
tion (FDA)-approved for the treatment of keloids
and hypertrophic scars. They are more effective
in the postsurgical setting or on new hypertrophic
scars and have minimal efficacy in treating already
formed keloids.46,47 Silicone sheets should be
worn over the surgical scar for 8 to 24 h/d for
several months. Although the mechanism of action
is unclear, it is thought to be secondary to occlu-
sion and hydration.

Intralesional corticosteroids are FDA-approved
for the treatment of keloids: they decrease
collagen production, increase collagenase expres-
sion, and decrease inflammation (Fig. 4). Triamcin-
olone acetonide (10–40 mg/mL) injections are
done every 4 to 6 weeks to treat formed keloids,
with a maximum recommended dosage per visit
is 80 mg. Response rates: 50% to 100%, with
recurrence rates of 9% to 50%.44 Side
effects: pain, dyspigmentation, skin/fat atrophy,
and telangiectasias.

Intralesional antineoplastic agents (5-fluorouracil
[5-FU], bleomycin, vincristine). 5-FU 50 mg/mL
once monthly to three times weekly. Less risk for
skin atrophy and telangiectasias than intralesional
Fig. 4. Keloids before (A) and after (B) intralesional stero
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steroids; greater risk for hyperpigmentation and
wound ulceration. Superior results when combined
with corticosteroid injections.48,49 One combination
regimen is a mixture of 1 part triamcinolone (40 mg/
mL) to 9 parts 5-FU (50 mg/mL).

Flurandrenolide tape has been shown to flatten
hypertrophic scars and thinly raised keloids.
They are also effective in the postsurgical setting
in the prevention of keloid occurrence.50 They
are worn over the scars for 8 to 24 h/d for 5 d/
wk. Expect postinflammatory hypopigmentation
of the surrounding normal skin; can also see skin
atrophy, telangiectasias.

Cryotherapy works by cellular injury and ne-
crosis of keloidal tissue. Side effects include
local pain, blister formation, dyspigmentation,
and depigmentation. Intralesional cryotherapy
requires fewer treatments and has less risk
for depigmentation than spray cryotherapy
(Fig. 5).51

Mechanical compression has been used primar-
ily to treat earlobe keloids but can be used in other
locations. The mechanism of action is unknown
but thought to be due to decreased oxygen ten-
sion from occlusion of smaller blood vessels or
decreased mechanical tension.52 They can be
used after surgery to decrease the chances of
keloid formation. They are most effective if worn
24 h/d for several months at a pressure level of
at least 24 mm Hg.53

Various lasers have been used to treat keloids.
Their proposed benefit is via selective photother-
molysis, in which direct energy is absorbed by
ids.
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Fig. 5. Keloid before (A) and after (B) cryosurgery and intralesional steroids.
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oxyhemoglobin, leading to thermal injury and
reduced collagen. Multiple treatments are required
for good outcome, and they may be used in com-
bination with topical applications (steroids, 5-FU).
Potential side effects include hyperpigmentation/
hypopigmentation, scarring, and purpura. Options
are 585 nm PDL, 1064 nm Nd:YAG, and CO2

lasers.54

Pentoxifylline is a xanthine derivative, known
to improve erythrocyte flexibility and lower blood
viscosity used to treat stroke, claudication, and
sickle cell disease. It exerts a dose-dependent
inhibition on the in vitro proliferation and collagen
synthesis of human fibroblasts derived from
normal skin and keloid tissue.55 Tissue oxygen
levels are significantly increased by therapeutic
doses of pentoxifylline in patients with peripheral
arterial disease. Wong and colleagues reports 3
patients with large keloidal plaques placed on
pentoxifylline; they had substantial improvement
in their pain and pruritus and lesional growth was
halted.56 A separate study has shown that pen-
toxifylline decreases the risk of postsurgical
keloid recurrence.57

Dupilumab has been proposed as a systemic
treatment modality for keloids, given evidence for
increased interleukin (IL)-4/IL-13 signaling and
Th2 inflammation in keloid scars.58 There are con-
flicting publications regarding efficacy of dupilu-
mab for keloid growth as well as pain and
itch.58–62 A clinical trial is underway to explore
this modality.
Other treatment modalities include intralesional

bleomycin, verapamil, hyaluronidase, collagenase,
gado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Hea
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botulinum toxin, radiofrequency ablation, and
extracorporeal shockwave therapy.54

Long-Term Monitoring

Because of the high rate of recurrence, a follow-up
period of at least 1 year is necessary to fully eval-
uate the effectiveness of therapy. Close follow-up
monitoring is vital during immediate and aggres-
sive treatment of subsequent keloid formation.
Noncompliant patients who are lost to follow-up
care for months often return for further evaluation
long after further adjunct treatment would have
been most beneficial.

SUMMARY

Keloids remain a condition causing significant
morbidity in patients, especially those of skin of
color. With identification of its associations with
other medical conditions and the inflammatory
component to the disease, we are now beginning
to understand some of the complexities of this dis-
ease process. Future research will hopefully iden-
tify more of the causal genes linked to keloids, as
well as more of the systemic diseases that we
should screen for in our patients diagnosed with
CCCA. Future clinical studies should explore
possible therapeutic options (local and systemic)
that target the inflammatory and the fibroprolifera-
tive genes that are upregulated in keloids. As we
learn more about keloids, we hope that future
treatments will be able to prevent or reverse
what has been thought to be an irreversible scar-
ring process.
lth and Social Security de ClinicalKey.es por Elsevier en julio 19, 2023. 
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CLINICS CARE POINTS
� Keloids are an exuberant response to cuta-
neous wound healing in which scar tissue
grows beyond the boundaries of the inciting
insult.

� Age, race, location, family history, and per-
sonal history of keloids are relevant factors
concerning the risk of developing keloids.

� Because keloids are prone to postexcisional
recurrence, medical management plays an
important role in keloid treatment.

� Manymodalities exist to treat keloids/prevent
recurrence.

� Multimodal approach is often necessary in
difficult cases.
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