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Abstract
Prophylaxis and therapy of keloids present a big challenge for medicine, despite the increasing knowledge about
their pathogenesis. There are a lot of therapeutic methods but their effectiveness is still limited and unsatisfacto-
ry. These methods are divided into surgical, pharmacological and physical ones as well as the most frequently applied
combined therapy, which is the most effective one. A surgical way of removing keloids is becoming less common
and the method of intralesional application of steroids still remains the treatment of choice. In addition to the above
there are cryotherapy, laser therapy, pressure therapy, X-ray irradiation and silicone products in a form of gels and
dressings. Relatively new methods are intralesional injections of verapamil and 5-fluorouracil. Enalapril and trogli-
tazone, which are currently used in the treatment of hypertension and diabetes, are expected to be of use as well.
Biological drugs like monoclonal antibodies against tumor growth factor (TGF)-β1, TGF-β2 and vascular endothelial
growth factor and analogues of TGF-β3 are also potential solutions in the treatment of keloids. Further studies on
the treatment of keloids should result in more efficient therapies.
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Introduction

Keloids present a great challenge in prophylaxis and
therapy. Despite the fact that many drugs and therapies
are available nowadays, there is no fully effective or sat-
isfying method to deal with that disorder [1-6]. 

A considerably growing interest in the pathogenesis of
keloids as well as increasing knowledge on the problem
resulted in the development of more efficient and promis-
ing ways of eliminating this frustrating disease, which is
partly dealt with by dermatology, plastic surgery or aes-
thetic medicine. Bearing in mind the fact that many pre-
viously applied methods turned out to be failures, we should
remember the famous medical slogan, which says that “it
is easier to prevent diseases from developing rather than
treat them after they have progressed”. With regard to
keloids, this saying becomes really meaningful [1-7]. 

Prophylactic methods

The most important factor in the prophylaxis of keloids
is a detailed anamnesis which focuses on genetic condi-

tions for developing keloids, including a detailed analysis
of potential genetic predispositions as well as anamnesis
concerning some concomitant diseases (scleroderma,
Rubinstein-Taybi syndrome, progeria) and even a blood
group. They are all aimed at identifying a patient who de -
monstrates a higher risk of developing keloids. The patient
should avoid any injuries or surgeries which break skin
integrity, especially, incisions, piercing, tattoos and even
unnecessary injections or vaccination. Such diseases like
furuncle, acne or herpes, disorders which are commonly
observed and usually easy to treat, in patients who are pre-
disposed to keloids should be treated immediately, as they
might transform just into keloid forms. If it happens, the
patient should be treated with care; topical or even systemic
antibiotic therapy is advisable. If the patient has to under-
go an operation, surgical incisions should be minimal in size
and number. They should follow skin tension lines and be
made in places which are most affected by keloids. Doctors
also perform plastic surgeries which reduce skin tension and
use self-absorbing stitches. After the surgery the incision
area should be properly taken care of [1-10].
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General principles of the therapy of keloids

If the patient has developed a keloid, despite having
made efforts to prevent it, doctors should immediately ini-
tiate a treatment session. The first principle says that the
older the keloid is, the more resistant to treatment it
becomes. Thus, a therapy should start soon after the diag-
nosis has been set. According to another principle, doctors
should apply a few therapeutic methods simultaneously, i.e.
use a combined therapy as monotherapy is usually not high-
ly effective [1-11]. A keloid therapy must be regular and sys-
tematic. One surgery is never enough. Sometimes a patient
must undergo a few or a dozen therapeutic sessions and
wait for effects for a long time. Therefore, he should be made
aware of all this and be properly motivated to be willing to
undergo the therapy. Otherwise, he will give it up soon with-
out showing any considerable improvement [1-12].

The patient should also be informed that the keloid will
not disappear without leaving any traces and the thera-
py is aimed (currently) at making it look as good as pos-
sible, reducing the volume of the keloid and its consistency.
Thanks to such improvements, the patient is more prone
to accept the disease. In the case of keloids which have
spread extensively and cover a large area of the patient’s
body, in visible and open places, the therapeutic process
should be dealt with a psychologist, psychotherapist
and sometimes, a psychiatrist [1-12]. 

Another principle involves a detailed observation of ther-
apeutic effects and also adverse effects and complications.
They will be described further in the paper. 

Common therapeutic methods

The methods are divided into surgical, pharmacolog-
ical and physical ones. The surgical method has been used
for a long time and it includes removal of the keloid with
some skin margin. Keloids are defined as disorders which
recur after they have been removed and new keloids are
even bigger than the former ones. The recurrence per-
centage ranges from 40% to 100%. Thus, this method has
been considered ineffective and even contraindicated in
the therapy of keloids. The only exception is combining this
method with X-ray irradiation and pharmacological meth-
ods with the use of appropriate surgeries and atraumat-
ic stitches. The risk of complications is however high. Thus,
doctors should carefully consider indications for per-
forming that kind of treatment [1-14].

Another method – intralesional steroid therapy – has
also been used for some time and still remains a select-
ed therapy. Triamcinolone acetate was the most commonly
applied preparation. It was administered at a dose of 
40 mg/ml. Currently, it has been banned on the pharma-
ceutical market. Slow-release steroids are now more pre-
ferred. The efficacy of the intralesional steroid therapy is
up to 72% (the look of the keloid is much improved) and
around 64% (the keloid area is completely smooth). The
injection should be carried out with the smallest possible

needles every 4-6 weeks. At the same time the doctor
should observe the patient carefully and trace any possi-
ble complications, which include skin atrophy, telangiec-
tasia, hyperpigmentation or hypopigmentation. After
rejecting the injection sessions, the possibility that the keloid
will recur within a period of 5 years is 50% [1-10, 15, 16].
Another method is an intralesional injection with 5-fluo-
roacil. It is an antimetabolite used in neoplastic therapy and
precancerous skin conditions. Its antimitotic activity is used
in a keloid therapy. A dose of 50-150 mg in one injection
is administered and topical irritation is the major adverse
effect [1-11, 17, 19]. The keloid can be also treated with injec-
tions consisting of steroid and 5-fluoroacil. These two com-
bined drugs appear to bring better results rather than when
they are administered separately [16]. 

Laser therapy is another option in the treatment of
keloids. In the past doctors used mainly CO2 laser but it
did not turn out to be fully effective [1-11, 20, 21]. 

Currently, a pulse dye laser (PDL laser), which emits
a beam of 585 nm, is considered the most effective one
in the keloid therapy. Its efficacy is 70%. The target of the
laser beam is hemoglobin present in blood cells which fill
the lumen of the new vessels of the keloid. The energy
which is released, destroys the vessels but does not destroy
any surrounding structures. There is, however, a disad-
vantage. Melanin present in the epidermis has a similar
absorption spectrum. It thus weakens the laser beam.
Before it gets to the target, i.e. the vessels, it is partly
absorbed by the epidermis. Here, it should be emphasized
that people with darker skin, that is those who have more
melanin, more often develop keloids. Laser procedures
should be applied every 3-6 weeks. Hyperpigmentation is
a typical adverse effect, which however, appears rarely. The
procedures are painless and do not take much time. They
are also quite safe [20, 21]. 

Application of dressings and silicone gels are other ways
of prevention of keloids. Occlusion appears and the skin
becomes more hydrated. Keratinocytes are stimulated to
create and secrete necessary cytokines and growth factors
[1-11, 22-26]. 

The dressings and silicone gels should be applied top-
ically, which means that they are put on the keloid and left
for at least 12 h every 4-6 weeks. Side effects include main-
ly skin maceration and slight skin irritations. The efficacy
of the method is high – up to 80%. It is inconvenient and
causes discomfort for the patient. In consequence, he is
not really willing to comply with recommendations or is
not consistently following the therapy [1-11, 22-26].

Pressure therapy, i.e. therapy which uses pressure, is
another therapeutic option. A simple mechanism is used
here. The pressure inhibits perfusion, which leads to hypox-
ia, cell metabolism slowing down, fibroblast proliferation
and collagen production. The pressure must be however
controlled so as not to cause necrosis of healthy tissues.
In the keloid therapy, doctors use pressure of 20-40 mm Hg,
depending on the location of the keloid and its size. It is
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advisable to use the therapy throughout day and night. This
method is frequently used to treat keloids which have
appeared on earlobes. Some pressure clips are put on the
patient’s ears. The clips resemble clips which are commonly
worn as jewellery. In the case of keloids localized on the
trunk or arms, doctors can put special pressure garments.
They are mainly useful in the therapy of post-burn keloids.
Scientists still do not know much about the effectiveness
of pressure therapy in the treatment of keloids. This kind
of therapy is inconvenient and causes a lot of discomfort,
which is a great disadvantage. Patients hardly ever con-
sistently comply with its requirements [1-11, 27]. 

Radiotherapy, or topical application of X-radiation is
another therapeutic option, however less and less frequently
used. It is mainly used in prophylaxis and is associated with
surgical methods. Already on the day following the
surgery, the area which was incised, is irradiated with dos-
es of 10-25 Gy, depending on the localization of the lesion.
The healthy skin is protected against radiation with spe-
cial filters. Radiotherapy is connected with many adverse
effects, starting from erythema and desquamation to hyper-
pigmentation, telangiectasia and even skin atrophy. With
regard to irradiation of existing keloids, scientists are still
unsure whether or not this X-radiation therapy transforms
lesions into their malignant forms. 

In prophylaxis doctors apply a few sessions, gradual-
ly increasing the dose [1-12, 14, 28]. 

Another therapy, a physical one, is cryotherapy. 
This method is commonly used in various skin disorders,
such as skin cancers, premalignant conditions or virus warts.
Here special caps are used. First the temperature of
those caps is lowered in liquid nitrogen to –180°C. Then
the caps are placed on the keloid area for 10-30 s. Then the
tissue gets defrosted within a period of time 2-3 times
longer than the freezing time. The cycle of freezing and
defrosting can be applied not more than twice during one
procedure. They are administered at 1-month intervals. The
effectiveness of this method is 50% with regard to the size
of the keloid. The effect is even more visible when the ini-
tial size of the keloid is not so big. 

Side effects of this method include hypopigmentation
in the area of the surgery and post-surgical pain [1-12, 
29-31].

The methods described above are standard ones. Some
of them are becoming less and less important. In contrast,
some others become more popular than before. 

Therapeutic novelties

5% Imiquimod in the form of cream has been recent-
ly used in the keloid therapy. It is used topically. Before, it
was applied to treat pre-cancerous conditions or superfi-
cial basal cell carcinoma. The mechanism of activity
includes stimulation of the production of mediators such
as interferon (IFN) or tumor necrosis factor (TNF) as well
as some other cytokines which inhibit fibrosis and prolif-

eration of fibroblasts. Side effects occur infrequently and
they include erythema and irritation. The effect of the ther-
apy appears to be short-term if the drug is stopped
being administered, which makes the therapy disadvan-
tageous [1-9, 32]. 

A relatively recent pharmacological method is intrale-
sional injections with verapamil administered at a dose of
2.5-5 mg/ml. Verapamil is a drug from a group of calcium
channel blockers, so far used in the therapy of common
diseases such as arterial hypertension or supraventricu-
lar arrhythmia. The mechanism of activity of verapamil
includes a decrease in the amount of ionized calcium in
fibroblast cytoplasm. As a result, fibroblast proliferation is
reduced and so is the production of collagen [7-11, 33, 34].

Since it is a relatively recent therapeutic method, the
evaluation of its effectiveness cannot be fully reliable. How-
ever, it is estimated that the percentage is 50%. At the same
time hardly any side effects were observed [33, 34].

Many professional studies on keloid therapies contain
information on the application of bleomycin, penicilla mine,
retinoids, colchicine and even botulinum toxin type A. The
effectiveness of many of these preparations is minimal and
the mechanism of activity – vague. Thus, the authors of
this study think it is difficult to evaluate the real role of the
drugs in the keloid therapy [1-12, 35, 36]. 

A constant development of the knowledge of keloid
pathogenesis contributes to adding some new drugs to the-
list, which is constantly growing [36]. 

Enalapril is a drug which will probably be soon entered
into the list. It is a hypotensive drug and an inhibitor of
angiotensin converting enzyme. Enalapril has been applied
in the therapy of arterial hypertension for a long time and
appears to be highly effective. Drugs from this group, how-
ever, not only reduce arterial hypertension. It was confirmed
that inhibitors of angiotensin converting enzyme play a pos-
itive role in post-infarction remodeling of the heart wall,
in the mechanism of fibrosis inhibition and scarring of the
cardiac muscle. It was also proved that they inhibit lung
fibrosis, which depends on tumor growth factor (TGF)-β
signaling path [37]. 

So far, researchers have given an account of 2 patients
with keloids who, for cardiologic indications, were admin-
istered enalapril at a dose of 10 mg for a period of 4 months.
After that time they noted a beneficial influence of the drug
and a substantial improvement of the keloid; it got reduced
in size and its consistency also changed. Detailed studies
on the application of the drug (or a few drugs) in the ther-
apy and prophylaxis of keloids seem to be fully justifiable
and the drug is expected to bring beneficial effects [37].

Troglitazone is another drug, which might be potentially
effective in prevention and the therapy of keloids. It is an
anti-diabetic drug, PPAR receptor agonist. Molecular stud-
ies on diabetes with the use of rats’ pancreases confirmed
that troglitazone inhibits TGF-β1 – SMAD 2 and 3 signal-
ing path. Since it is also the main path promoting fibro-
sis in keloidogenesis, the results of the studies made the
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researchers analyze the effect of troglitazone on keloid
fibroblasts in vitro. As it had been expected, troglitazone
added to the fibroblast cultured from keloids considerably
contributed to a decrease in the concentration of all trans-
mitters of the path as well as the final product – procol-
lagen 1. Until now the efficacy of troglitazone in patients
with keloids has not been studied. Nevertheless, the results
of some molecular studies clearly show that such studies
should be conducted. Troglitazone might contribute to
lengthening the list of anti-keloid drugs [38].

Therapies of the future

In the time of biological therapy, which is becoming
more and more common, monoclonal antibodies against
TGF-β1 and TGF-β2, TGF-β3 analogue and monoclonal anti-
body against vascular endothelial growth factor (used in
the therapy of some cancers of large intestine and in the
exudative form of AMD) are used [1-12, 39].

Thanks to rapid advancement of genetic engineering
and further development of the knowledge on particular
genes and their mutations, which contributes to keloido-
genesis, scientists should be able to find some gene repair-
ing properties [40].

Researchers hope that the knowledge on the patho-
genesis of keloids and further studies on drugs which might
be introduced in the therapy of keloids, will make this ther-
apy fully effective and satisfying for patients.
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