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Abstract

Purpose: To evaluate the results of keloids treated with perioperative interstitial high-dose-rate brachytherapy
(HDR-BT).

Material and methods: A retrospective review of 61 keloids in 51 patients treated with perioperative interstitial
HDR-BT was performed. Keloid lesions were treated with 12 Gy in 4 fractions within 48 hours. Time between surgery
and brachytherapy was less than 90 minutes. Local failure was defined as recurrence of apparent keloid or symptoms
in the same place. Median age of patients was 46 years (range, 20-89 years). Keloid scars were located on the chest

(41%), ear lobe (21%), back (1.6%), extremities (11.5%), and mean keloid size was 6.3 cm.
Results: With a median follow-up of 47.95 months (range, 1-96 months), the recurrence rate was 4.9%, all located
on the chest. The multivariate analysis showed no statistically significant relationship between location, scar size, and

previously treated lesions with the recurrence rate.

Conclusions: The treatment of keloid scars with perioperative interstitial high-dose-rate brachytherapy achieved
excellent results, with a recurrence rate of only 4.9% and excellent cosmetic outcomes, suggesting that this technique

might be one of the best options for treating keloids.
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Purpose

Keloids are benign cutaneous tumors caused by an
accelerated proliferation of fibroblasts, in response to
trauma in the skin, either surgically or after an accident.
Excessive proliferation of fibroblasts is mediated by mac-
rophages, cytokines, and mainly growth factors, such as
transforming growth factor p (TGF-p) among others. It
is related to genetic predisposition, autosomal dominant
inheritance with incomplete penetrance, and single nu-
cleotide polymorphism, especially in some races, such as
Afro-Americans [1].

Keloids usually manifest as a reddish tumor that
surpasses the surgical scar and rarely disappears spon-
taneously. They can produce clinical conditions, includ-
ing pruritus and pain of medium to severe grade. They
are more frequent in the Afro-American population and
the novo after any skin insult (for instance, skin piercing,
surgery) [2].

Since 1909, the role of adjuvant radiotherapy for resect-
ed keloids has become interesting due to high-rates of re-
current disease during treatment with surgery alone. There
has been an increase in their treatment due to the aesthetic

alteration that some of them can cause, being very visible in
areas, such as the face [3, 4]. However, due to their benign
nature, keloids are rarely treated, which is the reason there
are no consensus guidelines to optimize the management
(or no universally accepted standards of care) [5].

Keloid resection as a single-treatment has been
demonstrated to have very poor control of the lesion,
with recurrence rate up to 80% or more. Therefore, mul-
tiple adjuvant treatments have been proposed aiming
at decreasing the recurrence rate, such as topical corti-
costeroids or injected into the lesion, intra-lesional in-
terferon, continuous pressure on the scar, therapy laser,
tacrolimus, flurandrenolide or imiquimod, and radio-
therapy [6]. Multiple radiotherapy techniques have been
used, with low-energy X-rays, electrons, or iridium-192
(*%2Ir) brachytherapy [2]. Irradiation technique with 1Ir
brachytherapy as a complementary treatment to surgical
excision was originally described by Nicolettis and Chas-
sagne in 1967, being today the most common treatment
for keloids [3].

Combining surgery and radiotherapy, administered
as perioperative brachytherapy, has been proved to be
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the most effective treatment, achieving a local control
above 25%. From a dosimetric point of view, brachyther-
apy achieves a very focalized and conformal dose to the
lesion, thereby reducing the irradiation of healthy tissue
in comparison to external radiotherapy [7-9].

In our center, perioperative brachytherapy has been
used to treat keloid scars since 2011, accumulating much
experience and valuable data. Specifically, since the treat-
ment of malignant tumors is the main activity in most
hospitals, collecting a large database of patients treated for
benign keloid scars is not straight-forward. The present
study aimed to retrospectively review and analyze data
from 51 patients in order to find the potential relationship
between prognosis or recurrences and long-term cosmesis.

Material and methods

Inclusion criteria were patients with keloids refracto-
ry to at least one topical treatment, with symptoms (pain
and pruritus) at the location. Exclusion criteria were
pregnant women, individuals under 16, or keloids locat-
ed in previously irradiated areas.

Patients’ characteristics

From September 2011 to October 2016, a total of
61 keloids in 51 patients were treated. Median age of the
patients was 46 years (range, 20-89 years). Twenty-six
patients analyzed were men (51%) and twenty-five were
women (49%). 71.6% of patients were Caucasian, 17.9%
were African-American, and 10.5% were of unknown
origin. The reason there is a portion of patients with un-
known ethnicity is due to the fact that our center does not

Table 1. Characteristics of keloids under study
Characteristics of keloids

Etiology
Surgical scar 29%
Traumatism 32%
Acne 36%
Others 3%
Scar size (cm), average (range) 6.3 (2-22)
Location
Chest 41%
Ear lobe 21%
Helix 11.5%
Back 1.6%
Extremities 11.5%
Others 13.4%
Previous recurrence
Yes 23%
No 77%
Ethnicity
Caucasian 71.6%
Black 17.9%
Unknown 10.5%

record the skin color or ethnicity of patients in the clini-
cal history. Being a retrospective database, the ethnicity
could only be recorded for those patients who came to the
hospital for consultation again, and it remained unknown
for those who did not come back.

Average size of the treated scars was 6.3 cm, and per-
centage of the locations were as follows: the chest (1 = 25,
41%), earlobe (n = 12, 21%), helix (n = 7, 11.5%), back
(n =2,1.6%), and extremities (n =7, 11.5%). Other loca-
tions (n =8, 13.4%) included some less frequent places, as
the scalp, face (around cheek region), and one keloid was
located sub-umbilically (Table 1).

Before starting the treatment, size and thickness of the
scar were analyzed to differentiate between scars below
2 mm or more. In addition, patients were provided with
a questionnaire, with questions on symptoms they pre-
sented. Details of the treatment and its” associated possi-
ble side effects were also explained to patients. Consent
was obtained from all cases.

After the treatment, patient was followed-up through
the first month since the end of treatment, and consecu-
tively at 3, and at 6 months. Subsequently, if there were no
side effects that required specific treatment or closer mon-
itoring, follow-up became annual provided by radiation
oncology service, alternating with plastic surgery service.

Treatment performed

All patients were treated with perioperative intersti-
tial high-dose-rate brachytherapy (HDR-BT) using 12 Gy
in four fractions, for 48 hours. Interfraction time was
8 hours.

During the procedure, the surgeon made a complete
resection of the keloid in all cases. Subsequently, a flex-
ible plastic catheter was placed in surgical wound and
a closure without pressure points using non absorbable
suture was performed. The catheter for radiation therapy
was inserted through the plastic catheter with plastic but-
ton. This procedure was performed in the operating room
(Figure 1). Time between surgery and first brachytherapy
session was less than 90 minutes (range, 23-90 minutes).

The treatment was performed using a radioactive
source of cobalt-60 (*°Co). Dosimetry was carried out in
depth at 5 mm from the center of the source, using dosi-
metric system manually.

A simulation computed tomography (CT) was only
used in cases, for which the shape of the scar was compli-
cated, or when there were two keloids nearby (Figure 2).
To calculate the plan, a CT scan was performed. Only the
target volumes were contoured with a margin around the
scar of 0.5 cm, and dosimetric plan was calculated with
SagiPlan version 2.1.

This treatment did not require hospitalization of the
patient since the patient is sent home with the plastic
catheters in place. The patient was advised to avoid mov-
ing the catheters as much as possible, and after last treat-
ment session, the catheter was removed and covered with
a dressing after cleaning the scar with povidone iodine.

Cosmetic evaluation was carried out by the same ob-
server, and the doctor arranged new visits. At each one,
the observer with the patient evaluated visible or non-vis-
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Fig. 1. The surgeon puts the plastic catheter into the
wound after resection of the keloid

ible thickening of the scar, and whether or not the symp-
toms presented before treatment disappeared, with side
effects observed in the treated area (telangiectasias or
changes in skin color). Local failure was defined as a re-
currence of visible keloid, the scar elevating more than
2 mm, and/ or vegetation outside border of excision along
with local symptoms (itchiness, pain, or infection).
Excellent cosmetic results were reported when there
was no thickening of the scar and no side effects (telangi-
ectasias, hypo- or hyperpigmentation of the treated area).
Good cosmesis was evaluated as multiple visible side
effects in the treatment area, whereas bad cosmesis was
considered when there was a thickening of the skin up
to 2 mm above the plane of the skin, or new scarring was
deleterious with partial or total hyperplasia (Table 2).

Statistical analysis

To find correlations between the recurrence rate, dif-
ferent patient, and keloid characteristics, data was ana-
lyzed using IBM statistic software v. 24; ANOVA test was
applied for quantitative variables (size of the scar) and
¥ test was used for qualitative variables (ethnicity, loca-
tion). Statistical relationship was considered significant
when p < 0.05.

BED calculation

To calculate BED dose, conventional formula [10] was
used as follows:

BED =nxd (1+d/a/B),

where 7 is the number of treatment fractions, d is dose
per fraction in Gray (Gy), and (a/) is a/p ratio. We con-
sidered for keloids an a/ {3 ratio of 2.08, according to data
supported by Flickinger et al. [11], and a/p = 3 for late
skin toxicity. This concept is controversial, and is argued
in detail below, in the discussion section.

Results

With a median follow-up of 50.9 months (range,
16-96 months), the recurrence rate was 4.9%, all located
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Fig. 2. Treatment plan for a selected patient with a keloid.
Lines in the figure represent different isodose regions, and
the red line is the CTV

in the thorax. Considering the use of 12 Gy in 4 fractions
and an a/ ratio for keloids = 2.08, biological equivalent
dose (BED) was 29.3 Gy for keloids, and BED was 24 Gy
for healthy tissue late toxicity.

In the analysis of ANOVA and y? tests, no statistically
significant relationship between scar size and recurrence
(p = 0.148), or between race and recurrence rate (p = 0.312)
were observed.

In the sub-group analysis, within the group of ke-
loids located in the thorax, there were 16% of recurrenc-
es, without observing any common characteristics in this
group that can explain worst results. Also, no statistical
relationship between any specific location and local re-
currence was observed (p = 0.09). In the set of images,
one can notice two different results in two patients under
study (Figures 3-7). Figures 8 and 9 present a bad cosmet-
ic result due to secondary telangiectasias along the treat-
ment area. No instance of infection or delayed wound
healing due to catheter position were observed in our
series. Database of the included 66 keloids evaluated, but
6 patients died and 21 patients did not come back to the
hospital for new evaluation. Finally, the cosmetic evalua-
tion was done in 45 keloids treated, and the observed re-
sults shown excellent cosmesis in 57%, good in 24%, and
poor in 18% of the keloids.

Discussion

Keloids result in cosmetic deformities as well as physi-
cal symptoms, including itching, stiffness, scar contracture,
tenderness, and pain. Effective treatment, such as post-

Table 2. Characteristics of keloids under study

Excellent cosmesis Good cosmesis Bad cosmesis

No scar thickening
No side effects

Multiple visible
side effects in the
treatment area

Scar thickening
present
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Fig. 3. Ear lobe keloid before the treatment Fig. 4. Pre-sternal keloid treated previously with top-
ical steroids without effect. Status before surgery and
brachytherapy treatment

Fig. 6. Ear helix keloid before the treatment

operative radiotherapy, can substantially improve quality
of life of patients due to relief in the symptoms [12].

In our series, a recurrence rate of 4.9% was observed
using a dose of 12 Gy in 4 fractions, with a time gap be-
tween fractions of 8 hours. The time gap between surgery
and first radiotherapy application was less than 90 min-
utes. Considering an o/ ratio for keloids equal to 10, the
results of biological equivalent dose (BED) was 15.6 Gy.
However, Veen et al. recommended the use of BED
around 30 Gy to achieve fewer recurrences with that dose
level, which would imply that our treatment was below
the recommended value [9].

A recent publication with radiobiological analysis
of post-operative external radiotherapy from Flickinger
et al. [11] supports the hypothesis of a much lower a/f
ratio for keloids equal to 2.08. This would suggest that
our BED value was higher (around 29.3), which might be
more in line with our results, since our local recurrence
rate was near to the best data published in the literature.

Previously published data on interstitial brachyther-
apy is hardly comparable due to variability in dose and
implant techniques as well as differences between radia-
tion source and skin distance. However, there are a few

Fig. 7. Ear helix keloid after the treatment
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Fig. 8. Ear lobe keloid after the treatment

studies with a patient cohort and technique similar to the
ones in this work.

There is no universally accepted radiation dose in the
post-operative management of resected keloids, and the
literature reports numerous dose and fractionation sched-
ules [11]; however, the actual tendency to treat keloids
is with low doses of radiotherapy without an increase in
recurrence rate. In a study, Bijlard et al. described a lower
risk of recurrence, with a BED as low as 19 Gy [4]. Guix
et al. [8], in one of their articles with the highest keloid
sample treated with HDR-BT, reported a control rate of
96.6% using a dose of 12 Gy in 4 fractions in 24 hours
(BED, 15.6 Gy), considering an a./p ratio of 10. In Guix
et al. series, the total dose was calculated 10 mm from the
center of the source. Their results are slightly better than
ours (recurrence rate of 4.4% vs. 4.9%), but it is possible,
as we discuss below, that the differences between the se-
ries are more in line with other factors, such as location of
keloids in analyzed patients.

In our series, there is a trend for higher recurrence in
the chest location, since 16% of keloids in this location
have recurred. The locations distribution in the study of
Guix ef al. [8] differ from the locations of our study. The
majority of keloids analyzed were located on the face.
In our series, the most frequent location was the thorax.
According to the published literature, the chest is often
associated with higher recurrence rates [12, 13]. Wagner
et al. [12] and Ogawa et al. [14] also reported the chest as
one of the locations with the highest recurrence rate. The
differences were significant between treatment outcome
and anatomical region of the keloids, with a recurrence
rate of 49% (p < 0.001).

Although radiotherapy with surgery is considered as
one of the most effective treatments for a benign pathol-
ogy, such as keloids, there are groups of doctors who
present various doubts about treating with radiotherapy
for a risk of secondary malignancies. There is a lack of
evidence about carcinogenic effects at low doses, which
suggests two possibilities: the effects does not exist or
they are too weak to appear as statistically significant,
although in general, we can consider the reduced risk
to produce a secondary tumor due to the treatment of
keloids. In the published literature, the most import-

Fig. 9. Pre-sternal keloid after the treatment

ant risk factor is age at the time of exposure (higher in
people who were young when exposed < 30 years old)
[16]. The patients analyzed in our study were older than
18 years old.

In our cohort, secondary malignancies that may be re-
lated to treatment with radiotherapy were not observed.
However, it should be noted that our follow-up could not
be considered as long enough to be able to observe them.
The risk of carcinogenesis attributable to treatment with
radiotherapy in keloid scars is very low, and acceptable
for this treatment modality, but in places close to the thy-
roid gland and mammary glands, adequate protection
should be performed [14].

Conclusions

In our series, high-dose-rate perioperative interstitial
brachytherapy has proven to be a highly effective treat-
ment, with a local failure rate of less than 5%. All recur-
rences appeared in the thorax, one of the locations with
the worst prognosis in the published literature, suggest-
ing that a dose increase at this location may be necessary.
The treatment was well tolerated by all patients, without
presenting serious side effects. The cosmetic result was
described as excellent/good in 81% of the patients.
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