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RADIATION THERAPY for the
Adjunctive Treatment of Surgically
Excised Keloids: A Review

ABSTRACT

BACKGROUND: Radiotherapy has been used
historically to treat a wide variety of
dermatologic conditions, including
nonmelanoma skin cancers, lymphomas, and
inflammatory skin conditions. Recently,
radiotherapy has been used increasingly as a
valuable tool in the postsurgical treatment of
large or recalcitrant keloids. OBJECTIVE: The
objective of this review was to explore the
use of radiation therapy as an adjuvant to
surgically excised keloids. DESIGN: A
PubMed search of all published English
literature regarding the applications of
radiotherapy for the treatment of keloids was
performed using a combination of keywords
including radiation, radiotherapy,
brachytherapy, electron beam, superficial
radiation, orthovoltage radiation, and keloid.
The results were analyzed and collated.
RESULTS: A comprehensive review of
radiotherapy for the adjuvant treatment of
keloids was outlined. CONCLUSION:
Radiotherapy appears useful as an adjuvant
therapy to surgically excised keloids.
Dermatologists should be well versed in
radiotherapy to provide optimal care for
patients with recalcitrant keloids.
KEYWORDS: Radiotherapy, brachytherapy,
keloid, electron beam, superficial radiation,
orthovoltage radiation
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RADIOTHERAPY IS USED PRIMARILY IN
dermatology to treat nonmelanoma skin cancers,
mycosis fungoides, lymphomas, and keloids. Keloids
can be difficult to treat, and treatment with excision
often leads to recurrence. Adjuvantly, keloids are
treated with postexcisional radiation therapy with
excellent results and minimal complications or
recurrences. As such, radiation therapy should be
kept in a dermatologist’s repertoire of treatment
options for difficult-to-treat keloids. In this review,
the use of various types of radiation therapy for
keloids is highlighted.

KELOIDS

Keloids can be distressing for patients, as they can
cause pain and itching and are also aesthetically
displeasing. The current treatment options for keloids
are limited. These include intralesional
corticosteroids, silicone-based products, 5-
fluorouracil, bleomycin, imiquimod, laser therapy,
pressure treatments, surgical removal, cryotherapy,
and radiotherapy.’ The recurrence rate using surgical

excision alone is 45 to 100 percent.? Surgical excision
followed by radiotherapy is a helpful treatment
option for large and more difficult-to-treat keloids
that cannot otherwise be treated by or have failed
more conservative measures.’ The balance between
proliferation and apoptosis is impaired in keloid
fibroblasts, and because keloid fibroblasts are
sensitive to x-ray irradiation, it is thought that x-ray
radiation may prevent the recurrence of keloids by
controlling fibroblast proliferation, arresting the cell
cycle, and inducing premature cellular senescence.’->
The most commonly used radiotherapy modalities
include electron beam irradiation, superficial and
orthovoltage radiation therapy, and brachytherapy
(Figures 1and 2). Although there may be no
significant difference in efficacy between the
different radiotherapy modalities, each modality has
its own advantages and drawbacks (Table 1).6

ELECTRON BEAM RADIOTHERAPY
Electron beam radiotherapy (EBRT) uses a linear
accelerator to deliver energy levels to a depth of 2 to
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6cm and has the advantage of treating
superficially without causing significant damage
to deeper structures.”® Postsurgical excision
followed by EBRT has a low rate of recurrence
depending on several factors, such as the
treatment protocol that was used and keloid
site.>3 Various treatment protocols have been
described for the treatment of keloids with EBRT.
The dose of radiotherapy used is dependent on the
location of the keloid: keloids located in high-
stretch tension areas including the chest, scapular
region, and suprapubic region may need higher
doses in contrast to low-tension areas such as the
neck or earlobes.” For example, Ogawa et al
suggested that the earlobes can be treated
effectively with EBRT using a dose of 10Gy
fractioned over two days, while the chest, scapular
region, and suprapubic region should be treated
with 20Gy fractioned over four days."” Other
authors have suggested a higher dose of 15Gy for
earlobe keloids and keloids on the cartilaginous
part of the auricle with low recurrence rates.’" A
large study examining 834 keloids treated with
excision followed by a total dose of 18Gy in two
fractions had a relapse rate of 9.59 percent. This
study showed that there were increased relapse
rates in men, persons under 28 years in age,
persons in whom radiation occurred more than 24
hours after surgery, keloids located in high-stretch
tension sites, keloid size longer than 5cm, and if
grafting was performed. Moreover, no radiation-
induced malignancies were observed after a
median follow-up of 40 months, and there was a
low adverse effect profile of 9.38 percent, primarily
composed of pigmentary changes."” These
findings suggest that postsurgical radiation is
more effective within 24 hours of excision.

SUPERFICIAL AND ORTHOVOLTAGE
RADIATION THERAPY

Superficial and orthovoltage radiotherapy
have a depth of penetration of 5mm and 2cm,
respectively. Superficial radiation therapy (SRT)
has been used for treatment of keloids, as it
entirely targets the skin, avoiding deeper tissues
(Dmax=0)- One study used 60kV (for chest

keloids) or 100kV (for earlobe keloids)
irradiation and a dose of 10Gy in a single
fraction after excision of keloids; this study
noted that the majority of keloids could be
controlled by resection with immediate
radiotherapy with a probability of relapse of
nine percent at one year and 16 percent at five
years.'s Another study including 194 keloids
treated with excision followed by postoperative
superficial radiation therapy (55kV or 100kV
depending on site and total of 16Gy or 40Gy
dose) showed 91-percent reduction in itching
and 96-percent reduction in pain. With total
radiation doses greater than 21Gy, there was a
greater risk of pigmentary changes."” Moreover,
SRT (dose of 12Gy divided into 3 fractions) was
shown to be superior in a randomized trial when
compared to multiple sessions of cryotherapy
followed by intralesional triamcinolone. In fact,
the cryotherapy/intralesional triamcinolone
group experienced more side effects including
ulceration, necrosis, and telangiectasia as well
as a more prolonged course of treatment, higher
recurrence rate, and less satisfaction.™

In a large study by Speranza et al, 234
keloids were treated 24-hours postexcision with
orthovoltage radiation therapy using a dose of
15Gy divided into three daily fractions. With this
regimen, 60 percent of patients reported a
satisfaction level of 8 or higher on a 10-point
scale. Twenty-seven percent of patients
developed telangiectasias as a late adverse
event; this was the greatest predictor of
dissatisfaction.”

BRACHYTHERAPY

Brachytherapy has also been very effective
for management of keloids postexcision. It
involves placing a radioactive source (commonly
iridium-192 or cobalt) into or onto the target
tissue.? High-dose-rate (HDR) brachytherapy can
be performed in an outpatient setting and
delivers more than 12Gy per hour.? HDR
interstitial brachytherapy, during which a
catheter is inserted into the surgical site with
delivery of radiation through the catheter, was
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FIGURE 1. Outlined keloid on the scalp before
radiation therapy

FIGURE 2. Resolved keloid on the scalp 6 months
after excision and radiation therapy (1300¢GY, 1
fraction, postsurgery)

shown to have excellent results with a 3.4-
percent recurrence rate at seven years using a
dose of 12Gy divided into four fractions and
delivered within 48 hours.2 Another study of 67
keloids treated with postexcision HDR interstitial
brachytherapy using iridium-192 and a dose of
12Gy in two fractions showed a 3.1-percent
recurrence rate.” Although HDR interstitial
brachytherapy has an advantage over external
radiotherapy (including superficial/ orthovoltage
radiation therapy and electron beam) of
involving less normal tissue, the administration
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TABLE 1. Types of radiotherapy

TYPE

Electrons delivered via linear
Electron beam

accelerator
Superficial/

2-6cm
orthovoltage

High-dose-rate (HDR)

MECHANISM OF RADIATION

« Treats superficially without damage

. » to underlying structures
interstitial o
brachvthera - (an treat broad area of skin without
yiherapy radiation dose drop-off

HDR superficial

P ) - Cannot use on curved surfaces
(surface conforming) )

- Need linear accelerator

Brachytherapy

DEPTH OF PENETRATION

X-Ray (photon) beams

5mm/2cm

- Treats superficially without damage
to underlying structures
« Inexpensive and easy to use

Dose of radiation drops off at
periphery so have uneven dose
delivery

ADVANTAGES

Radioactive source emitting
gamma rays delivered via catheter

Inserted into target tissue

Involves less normal tissue

Total dose must be delivered in
short time frame

DISADVANTAGES

Radioactive source emitting gamma
rays delivered via catheter

Fixed onto skin

Good for long keloids and uneven
surfaces

Total dose must be delivered in
short time frame

TABLE 2. Complications of radiotherapy

POST-RADIATION TREATMENT

Acute (within 7-10 days after
radiation)

Late (weeks to months after

radiation) fraction

RELATED TO

Total dose of radiation given

Dose of radiation given per session or

COMPLICATION TYPE

Erythema, edema, desquamation,
ulceration, necrosis

Pigmentary changes (hypo- or
hyperpigmentation), atrophy, alopecia,
telangiectasias

of this form of radiation therapy may be
cumbersome for the physician and patient, as
many treatment sessions must be administered
within a short period of time. An even more
cumbersome form of brachytherapy is low-dose-
rate brachytherapy during which a patient is
confined in a lead-coated chamber for up to 64
hours while the brachytherapy is being
administered. Although this has been used
effectively for the treatment of keloids, it is now
rarely used due to its inconvenience.? An easier
form of brachytherapy is HDR superficial or
surface-conforming brachytherapy during which
the catheter is fixed externally onto the skin. This
form of brachytherapy is helpful for long keloids.
Kuribayashi et al® studied 36 keloids with a
median length of 8.5cm treated with excision
followed by HDR superficial brachytherapy using
an iridium-192 source. The applicator was fixed
to the skin with a spacer, and the keloids on

JCAD

high-tension sites were treated with 20Gy in four
daily fractions, while keloids in other areas were
treated with 15Gy in three daily fractions; there
was a 9.7-percent recurrence at 12 months. HDR
superficial brachytherapy can be advantageous
over electron beam radiotherapy for keloids with
uneven surfaces, as the applicator can be molded
to the surface of the skin so that there are no
variations in the distance between the skin
surface and radiation source.”

COMPLICATIONS

The acute skin side effects of temporary
erythema are seen in almost all patients during
the first 7 to 10 days after treatment and are
related to the total dose of radiation that is
given. The late side effects are observed weeks
later and include pigmentary changes that are
generally temporary and mild. The late side
effects are related to the dose given per session

or fraction (Table 2).%1%1% |n order to reduce
the chances of these side effects, it is important
to use an emollient and a steroid ointment after
radiation, reduce the single dose of irradiation
per fraction while keeping the total dose
unchanged, or lengthen the irradiation
interval. As patients with darker skin types are
more prone to developing keloids, it is
important to note that pigmentary changes
were found most commonly in Types 5 and 6
African American individuals.? Recurrence of
keloids treated with postsurgical radiation was
found to be significantly increased in subjects
who developed the keloid after infection and
those with a family history of keloids.®

As keloids are a benign skin condition, there
is a question of whether radiotherapy is an
appropriate modality for treatment. A review of
the literature by Ogawa et al in 2009% yielded a
total of five cases of carcinogenesis associated
with radiation therapy for keloids: fibrosarcoma,
basal cell carcinoma, thyroid carcinoma, and
breast carcinoma. In each of these cases, it is
unclear whether an appropriate dose of
radiation was used or if there was adequate
protection of surrounding tissues. As such, the
authors concluded that radiation is useful if
sensitive tissues, such as the mammary gland or
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thyroid gland, are effectively protected.?®
Moreover, a consensus statement from the
European Society for Therapeutic Radiology and
Oncology noted that keloids are an acceptable
indication for radiotherapy and placed no age
restrictions provided that alternative therapies
were ineffective.”

CONCLUSION

Various radiotherapy modalities including
electron beam radiotherapy, superficial and
orthovoltage radiotherapy, and brachytherapy
are being used after excision for the treatment
of keloids. Frequently, postsurgical radiation
may be a preferable option, as there is a low risk
of recurrence and complications. Dermatologists
should be aware of the option of radiation
therapy for difficult-to-treat keloids so that a
true informed consent can be reached with the
patient.
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