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Background: Keloids are benign ﬁbrous dermal tumors origina ng from skin
injury a er surgery, piercing or others wounds. Materials and Methods: Sixty
-two pa ents with keloids were treated postopera vely using orthovoltage
irradia on. The total dose delivered was 12 Gy in three consecu ve days, 4Gy
per frac on. Treatment started 24 h a er surgery. The median follow-up was
44.5 months. Results: Grade 1 erythema was observed in 48% of pa ents
(30/62); 20/62 pa ents (32%) showed telangiectasia and altered skin
pigmenta on as late toxici es. In 10/62 (16%) a clinical relapse was observed.
Conclusion: The postopera ve orthovoltage radiotherapy for keloids is a
valid and tolerated method that reduces the risk of recurrence. Aims:
evaluate the role of post-opera ve superﬁcial orthovoltage radiotherapy in
the management of keloids.
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ABSTRACT

INTRODUCTION
The skin injury, after surgery or piercing, is
the leading cause of generating keloids that are
benign ibrous dermal tumors. The reason is
attributed to an excessive collagen formation
during tissue repair after skin injury that can
sometimes evolve in an unfavourable way with
pathological scar formation (1).
Indeed, keloids are the result of intensive and
abnormal ibroblastic reaction after trauma or
skin lesions that usually are located in areas of
high skin tension. Keloids have a high recurrence
rate after surgical resection, don’t regress
spontaneously but they spread on the
surrounding healthy skin surface (2).
The physio-pathological mechanisms are not
yet fully known. Among the several hypothesis

one ascribed the cause to a defect in the
regulatory mechanisms of cell growth that don't
recognize the healing, resulting in continued
proliferation of ibroblasts for continuous
activation of cell growth factors. This process
contributes to the presence of baggy iber
collagen, eosinophilic and jalin (3).
The inal clinical result of keloid formation is
the development of an aesthetically unpleasant
scar, and if located in certain areas of the skin
(popliteal fossa, neck, forearm), may induce
signi icant functional limitations. The injury has
a marked predilection for the upper half of the
body with head, neck, chest, shoulders and arms
as a common location.
However other areas of the body may also
damage the skin in the evolution of a keloid. In
recent years, the most frequently location
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observed is in the ear lobe, often associated with
the use of new habitual piercing. In the US, the
incidence of keloids on earlobes after piercing,
estimated from a survey of 1000 women, is
around 2.5% (3-5, 7).
Keloids are not uncommon in patients
genetically predisposed to multiple lesions,
related to previous surgery or trauma (3). Today
there are several treatment options for the
keloids care: laser therapy, corticosteroid
therapy, intralesional chemotherapy, and use of
ultrasound, excision followed by intralesional
injection of corticosteroids, excision and use of
radiotherapy with interstitial technique (8).
The
post-operative
orthovoltage
radiotherapy, applied within 24 hours after
surgery (6-8), is a valid therapeutic strategy for
reducing the frequency of recurrence of these
lesions.
Recently it was reported that the application
of high doses of radiation in a short period of
time (three days) establishes a biologically
equivalent dose-response and, as result, an
improvement in local control (8, 9). The success
rates reported in literature with adjuvant
radiotherapy treatment is around 70-90% (7, 8).
In this study we addressed the effect of ionizing
radiation after surgical excision on the
recurrence rate of keloids.

MATERIALS AND METHODS
In our protocol all patients were irradiated
on the skin area interested by the surgical scar
where was located the keloid. The irradiation
had been delivered within 24h after surgical
treatment ( igure 1). This study was approved
by the Institutional Review Board (Department
of Radiation Therapy, University of Messina).
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The surgical scar was covered with transparent
polyurethane adhesive bandage. It allowed us to
analyze the affected area without touching the
wound, thus reducing the risk of sepsis. In fact,
the emergence of post-operative sepsis
signi icantly increases the risk of recurrence.
The thickness of the screen depends of the
quality of the orthovoltage beams employed.
Lesions thicker than a centimetre were treated
with super icial orthovoltage (250 kVp), while
for the smallest lesions were used energies from
80 to 120 kVp. For the treatment we used a
Philips, the Compactix II, capable of producing
photons X from 80 to 250 kVp with prescription
of maximum dose to the surface. In all patients
the dose was 12 Gy/3Fx on the surface of the
surgical scar. The statistical software used
was OriginPro 8.6 (OriginLab Corporation,
Northampton MA Usa). All variables were
expressed as the mean, and standard deviation
was calculated for each value. On the x-axis were
the depths of measure and on the y-axis were the
dose values normalized to depth 0.

RESULTS
From January 2001 to December 2009 at the
Operative Unit of Radiation Oncology of
University of Messina, 62 keloid patients were
treated; 22 males and 40 females, with a median
age of 30 years (range 11-74 years). Median
follow-up time was 44.5 months (range 14-108).
Patients’ characteristics are summarized in
table 1. Within 24 months of treatment, keloids
relapse was observed in 16% of the patients;
precisely, within one year in 8 patients and after
the irst year and within 24 months in 2 patients
( igure 2). The acute toxicity to the irst control
was observed in 30 patients with erythema
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Figure 1. A case of le earlobe keloid (A) treated with surgery (B) and radiotherapy. A control a er 6 months (C)
and a er 1 year (D).
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Table 1. Pa ents’ characteris cs.
Pa ents (n)
Age (y)
Mean
Range
Gender (n/%)
Male
Female
Site Treated
Ear
Breast/chest wall
Back
Extremity
Face/neck

62
30
11-74
22 (35%)
40 (65%)
30 (48%)
10 (16%)
8 (13%)
8 (13%)
6 (10%)

(75%) and desquamation (25%). The late
toxicity was observed in 51 patients and was
described with hyper or hypopigmentation
(61%) and telangiectasia (39%).
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DISCUSSION
After surgical excision alone an unacceptable
high rate of keloid recurrence occurs. We
examined the use of orthovoltage therapy for
postoperative prophylactic treatment of keloids.
Despite the negative view of postoperative
radiotherapy expressed in the review by
Leventhal et al. (10), there is a reasonably strong
body of literature (11) supporting postoperative
radiotherapy for keloids opposed to surgery
alone. As for keloids an important issue is that
radiotherapy has to be delivered in a maximum
of 10 days irrespective of fractionation. For this
reason we treated in 3 days (4Gy per fraction
with a total dose of 12Gy). According to
Flickinger’s (11) radiobiological analysis, a 90%
control rate should be observed in our patients;
on the contrary we obtained an 84% control
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rate. Probably we delivered a low total dose
(12Gy) and higher doses than those employed by
us should be employed in the adjuvant setting. In
fact to obtain a 95% control rate it has been
estimated that it is necessary to deliver 16.2Gy
(electron beam) and 19.2 Gy (Cobalt 60) for
earlobe keloids and 22.2Gy (electrons) and 24.8
Gy (Cobalt 60) for non-earlobe keloids (11).
According to BED formula we delivered 28Gy3
and 16.8Gy10 in three consecutive days without
interruption; it is noteworthy that our patients
were treated soon after surgical approach.
Under this point of view we should underline we
are inside a unique clinical scenario of
irradiation soon after surgical procedure and
this might also play (very short kick-off times for
cell lines replications) an important role for
Tumor Control Probability despite the relatively
low BEDs obtained.
For similar doses the lower recurrence rates
after keloid resection have been observed using
electron beam or Co-60 teletherapy with respect
to the low-energy X-rays which have more rapid
dose fall-off with depth, such as orthovoltage (11).
However, in order to investigate the use of
orthovoltage irradiation, our data suggest an
adequate irradiation of keloid with a valid
physical pro ile of the beam (depth–dose curve)
( igure 3). The corrected choice of kVp energy
justi ies our recurrence rates (16%) comparable
with other groups which have reported similar 5
-years relapse rate (9, 12, 13). Only one study
reported a recurrence rate of 32.7% with a mean
follow-up of 2 years (14).
The recurrence rate seems to be related to
the keloids’ site (ear vs. non-ear) (7); We don’t
observe any difference about the recurrence
between the earlobe keloids and others sites;
due to the low patients number no irm
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Figure 2. A case of the keloid recurrence in the right earlobe. The pa ent was treated in the same way in the le earlobe and
she has not had recurrence. In the right earlobe (A) treated with surgery (B) and radiotherapy presents a recurrence
a er 6 months (C). The recurrence a er 1 year (D).
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Figure 3. Percentage depth dose.

conclusion could be made on this issue.
In our patients negligible acute and late
toxicities have been observed in agreement with
literature data on this topic. A risk in the use of
radiation therapy to treat benign lesions is the
occurrence of radiation-induced cancers.
However, only few studies (8, 15, 16, 17) report on
radiation-induced tumours (i.e. ibrosarcoma,
basal cell carcinoma, thyroid carcinoma and
breast cancer) in keloids patients treated with
irradiation. However we suggest that
radiotherapy for keloids should be delivered
with appropriate protections, especially in
children.

CONCLUSION
Keloids are benign lesions characterized by
recurrence. They may be aesthetically large and
may provoke functional limitations with
remarkable entity. This aspect justi ies the use
of ionizing radiation after surgical excision. The
post-operative orthovoltage irradiation is well
tolerated with aesthetic results guaranteed with
minimal side late complications.
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