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there is no universally accepted treatment. Currently, radiotherapy
after surgical excision is recognized as the most efficacious modal-

fg‘;{:{ggds' ity. The aim was to compare the efficacy, by means of recurrence
Hypertrophic scars rates, between surgical excision alone, electron beam radiotherapy
Radiotherapy performed after surgical excision, and brachytherapy performed af-
Electron beam therapy ter surgical excision.

Brachytherapy Material: This retrospective observational study included 27 pa-
Surgery tients with overall 48 keloids. Patients were divided into three

groups: Group 1 (8 patients, 15 keloids) underwent surgical exci-
sion alone; Group 2 (10 patients, 19 keloids) received excision plus
brachytherapy; Group 3 (9 patients, 14 keloids) received excision
plus electron beam radiotherapy. Follow-up evaluations were con-
ducted at 6 months and 2 years.
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Results: Surgery combined with radiotherapy showed significantly
lower recurrence rates compared to surgery alone, confirming its
superior efficacy. No significant difference was observed between
brachytherapy and electron beam radiotherapy (p = 0.701 for pa-
tients, p = n/a for keloids), indicating both are effective options.
In the subgroup of keloids >5 cm, a trend toward lower recurrence
was observed with brachytherapy compared to electron beam ther-
apy.
Conclusions: The present study confirms that surgical excision of
keloids followed by radiotherapy can be an effective method of
keloid treatment. Although no significance was found when com-
paring the two radiotherapeutic modalities, brachytherapy showed
better clinical advantage when treating larger lesion as well as al-
leviating the symptoms caused by keloids.
© 2026 The Authors. Published by Elsevier Ltd on behalf of British
Association of Plastic, Reconstructive and Aesthetic Surgeons. This
is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Introduction

Keloids, rather than being skin tumors, are dermal growths related to previous skin trauma or
inflammation and they result from abnormal wound healing and tend to recur after excision.!

Keloids present clinically as firm and rubbery nodules in an area of prior injury to the skin and
frequently project above the underlying skin. They may have a narrow base, resulting in pedunculated
lesions, or develop into a more a broad-based plaque. They pervade through the dermis and grow
beyond the borders of the original wound. Histologically, keloids exhibit a lack of distinct collagen
pattern.2->

Color ranges from erythematous, flesh-colored, or hyperpigmented and may change as the lesion
evolves. Hence, they are aesthetically disfiguring.

About time of formation of keloids may develop as early as 1 to 3 months or as late as one or
more years after injury/surgery.®

Permanent scars do not occur when the skin injury is about a third of the thickness of the dermis
(less than 0.57 mm deep). Conversely, deeper dermal injuries result in permanent scars. Thus, if deep
cutaneous wounding disrupts the normal structure of the reticular dermis, keloids form.”

They are recognized as a highly fibroproliferative skin disease that usually results from minor in-
juries. In susceptible individuals, even minor skin injuries such as vaccinations or insect bites, can
induce keloid formation.® Despite keloid scars being benign in nature, treatment is challenging be-
cause of the high rate of recurrence and the complaints of unbearable pain.’?

Keloids may have significant cosmetic implications for affected patients as they can grow to be
large and disfiguring causing psychosocial issues impairing quality of life. If they are very large in size
can lead to functional impairment - movement limitation.'0-12

Due to its diversity of risk factors, clinical appearance, high recurrence rate and lack of proper
understanding of the disease, there is presently no gold standard of treatment of progressive keloid
lesions.!?> Current treatments range from corticosteroids applications, surgical techniques, laser ther-
apy, cryotherapy and radiations.

A deeper understanding of the molecular mechanisms that drive keloid development and recur-
rence would be desirable to open further avenues for the development of innovative treatments.'*

Among adjuvant treatments, radiotherapy is considered the most effective, significantly reducing
recurrence compared to surgery alone.

Initially surgical monotherapy was strongly avoided and used in only extreme cases due to the
high rates of recurrence,’® which were often much worse than the original lesion.
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The high recurrence rate of keloids has led to the use radiation-based treatments to improve cos-
metic outcomes after surgery.'6

Currently, radiotherapy after surgical keloid excision is a recognized the most efficacious modality
according to the international advisory panel on scar management and significantly reduces the rate
of recurrence.!”

The reported therapeutic response rates are generally in the range of 67-98%.

However, there is still debate regarding the optimal radiotherapy modality, particularly between
brachytherapy and electron beam therapy, with limited direct comparative studies.

The main objective is to compare the efficacy, by means of recurrence rates, between surgical exci-
sion alone, electron beam radiotherapy performed immediately after surgical excision, and brachyther-
apy performed immediately after surgical excision.

Materials and methods

This is a retrospective observational study conducted on 27 subjects (10 males and 17 females)
with overall 48 keloidal scars. Subjects were divided in three groups:

1. Group 1: surgical excision alone;
2. Group 2: surgical excision followed by high-dose-rate brachytherapy (HDR-BT);
3. Group 3: surgical excision followed by electron beam radiotherapy (EBRT).

The following conditions will be considered inclusion criteria (common to the three groups): will-
ingness to participate to the study; female and male on age more than 18 years old; patients who
have not undergone radiotherapy; no genetic diseases; patients with one or more keloid (defined as a
scar which extends beyond the boundaries of the original skin lesion); patients who have undergone
through the same protocol of keloid surgical excision; patients who showed up for the follow-ups.

Evaluation of treatment

The incidence of the scar recurrence rate was assessed at the 6 month and 2 years after treatment,
using the reports of the clinical checks and the evaluation of the photos pre-treatment and during the
follow-up visits. Patients are requested to return 2 weeks following the surgery for removing dressing
and sutures and disinfecting the scar. Subsequent follow-ups take place at 1 month, 3 months, 6
months and 2 years and beyond after the operation.

Follow up visits are made after therapy with the aim of looking for cases of relapse, questioning
patients about any therapy with the aim of looking for cases of relapse, questioning patients about
any symptoms, appearance of the scars and whether there are aesthetic problems and limitation in
function.

The efficacy of the treatment will be evaluated focusing on three parameters:

1. The subjective scars’ evaluation as reported by a clinician, not affiliated with the work, at the final
control in the clinic (2 years).

2. An objective visual comparison of the pre- and post-treatment photographs performed using a
dedicated online image overlay tool (Diffchecker.com). (Figure 1A-C).

3. A particular scale was submitted during the visits. Reported symptoms such as pruritus, pain, hy-
peresthesia, burning sensation, aesthetic concerns were asked to be evaluated going from 0 to 10,
where 0 is the least discomfort and 10 is the maximal discomfort.

Procedure
Surgical procedure

The surgical excision intervention is performed for every patient under local or general anesthesia
(depending on the scar’s size and number of scars) by single surgeon.

298



N. Zingaretti, EP. Paduano, F. De Francesco et al. JPRAS Open 49 (2026) 296-305

Figure 1. A: Pre-operative photo of a patient with a keloid located on the helix of the left ear, B: Post-operative photo of a
patient treated by brachytherapy after surgical excision at the 2 years follow-up, C: Pre and post operative photo comparison
through Diffchecker.com software.

The skin is primarily repaired by tension-reduction suture, consisting of 2 layers of strong suture
(deep and superficial fascia layer with monofilament suture composed of polyamide) to approximate
the wound edge (wound edge reach to each other after fascia suture).

After surgery, the entire wound is covered with semi occlusive dressing, and the sutures are re-
moved 2 weeks after surgery.

Radiotherapy procedure
The first dose of postoperative adjuvant radiotherapy is provided within 24 h.18:19
High-dose-rate brachytherapy protocol

If a subsequent brachytherapy is planned, then a 6-french interstitial plastic catheter is placed dur-
ing the surgery in the open wound bed (before suturing); a metallic guide is inserted throughout the
catheter to avoid its obstruction or deformation during the suturing procedure. HDR-BT was delivered
using an Iridium-192 source, for a total dose of 12 Gy in 4 fractions. The first fraction was adminis-
tered within 90 min from surgery, followed by a second dose 6 h later. Two additional fractions were
delivered the following day, also 6 h apart. Radiation was prescribed to a depth of approximately
3-5 mm from the skin surface, corresponding to the dermal fibroblast layer, where the catheter-to-
surface distance ranged between 3-10 mm depending on wound thickness. After the final fraction,
the catheter was removed and the wound covered with Steri-Strips.

Electron beam radiotherapy protocol

Treatment was delivered with a linear accelerator using 6-9 MeV electrons, with energy selected
according to lesion thickness to ensure adequate coverage. The dose prescription is different according
to specific body region:

« 20 Gy in 5 fractions for 5 days (anterior chest wall, scapular region, suprapubic region, and
mandible region);
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Table 1
Patients demographics.
Surgery Brachytherapy Electron Total
Number treated 8 (29.6%) 10 (37%) 9 (33.3%) 27
Sex
Female 5 (62.5%) 7 (70%) 5 (55.5%) 17 (62.9%)
Male 3 (37.5%) 3 (30%) 4 (44.4%) 10 (37.1%)
Age 23 £33 278 £93 273 +£5.8 26 +£ 6.9
Ethnicity
Type 2-3 7 (87.5%) 7 (70%) 8 (88.8%) 22 (81.4%)
Type 4 0 2 (20%) 1 (11.1%) 3 (11.1%)
Type 5-6 1 (12.5%) 1 (10%) 0 2 (7.5%)

Patients demographics in the three groups divided by numbers treated, age, sex and ethnicity.

Table 2
Keloid demographics.
Surgery Brachytherapy Electron Total

Number treated 15 (31.25%) 19 (39.5%) 14 (29.1%) 48

Location
Ears 4 (26.6%) 8 (42.1%) 3(21.4%) 15 (31.25%)
Back 5(33.3%) 5 (26.3%) 3 (21.4%) 13 (27%)
Thorax 2 (13.3%) 3 (15.7%) 1 (7.14%) 6 (12.5%)
Shoulders 3 (20%) 2 (10.5%) 6 (42.8%) 11 (22.9%)
Arms 1 (6.66%) 1(5.2%) 1 (7.14%) 3 (6.25%)

Etiology
Surgical 1 (6.66%) 6 (31.5%) 4 (28.5%) 11 (22.9%)
Piercing 7 (46.6%) 6 (31.5%) 2 (14.2%) 15 (31.25%)
Acne 5(33.3%) 5 (26.3%) 5 (35.7%) 15 (31.25%)
Burning 0 0 3(21.4%) 3 (6.25%)
Trauma 1 (6.66%) 0 0 1(2.1%)
Tatoo 1 (6.66%) 0 0 1(2.1%)
Burning and trauma 0 2 (10.5%) 0 2 (4.1%)

Size
<5 cm 5(33.3%) 6 (31.6%) 10 (71.5%) 21 (43.75%)
>5 cm 10 (66.6%) 13 (68.4%) 4 (28.5%) 27 (56.25%)

Keloids characteristics in the three groups divided by numbers treated, location, etiology and size.

« 15 Gy in 3 fractions for 3 days (other regions);
- 10 Gy in 2 fractions for 2 days to earlobes.2?

Statistical analysis

Regarding the statistical analysis of the study: continuous variables were compared using Student’s
t-test, categorical variables were compared using the x2 test and Fisher’s exact test, differences be-
tween the groups were compared using ANOVA with Bonferroni correction, recurrence over time was
evaluated by Kaplan-Meier curve estimates.

Results

Among the 27 patients (Table 1), a total of 48 keloids were included in this study, distributed as
follows: 21 (43.75%) were smaller in size than 5 cm, while 27 (56.25%) were bigger than 5 cm. Specif-
ically, Group 1 included 5 keloids smaller than 5 cm, while 10 keloids bigger than 5 cm. Regarding
Group 2 instead, 6 keloids were smaller than 5 cm and 13 keloids were bigger than 5 cm. Finally,
Group 3 included 10 keloids smaller than 5 cm and 4 keloids bigger than 5 cm (Table 2).

The incidence of the scar recurrence rate was assessed at the 6 month and 2 years after treatment.

At the 6 months breaking point it was found that in Group 1 there was a recurrence of 6 keloids
(40%) in 3 patients, 2 of which were smaller than 5 cm while 4 were bigger. In Group 2 there was
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Kaplan—Meier failure estimates
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Figure 2. Kaplan-Meier curve failure estimate of therapies. The Kaplan-Meier curve express the overall keloids recurrence rate
(y axis) at any giving time expressed in number of days (x axis). Number at risk indicates the patients who haven't had a
keloid recurrence in that specific analysis time (number of days). In the curve the Group 1 (surgery alone) is associated with
“terapia = 0", the Group 2 (surgery and adjuvant brachytherapy) is associated with “terapia = 1” and Group 3 (surgery and
adjuvant electron beam) is associated with “terapia = 2".

a recurrence of 2 keloids (10%) in 1 patient, both being bigger than 5 cm. In Group 3 there was no
recurrence of keloids.

At the 2 years breaking point, it was found that in Group 1 there was a recurrence of 13 keloids
(86%) in 6 patients, 3 keloids being smaller than 5 cm while 10 being bigger than 5 cm. In Group 2
there was a recurrence of 5 keloids (26%) in 3 patients, one keloid being smaller than 5 cm and 4
being bigger than 5 cm. In Group 3 there was a recurrence of 3 keloids (21%) in 2 patients, one keloid
being smaller than 5 cm and 2 being bigger than 5 cm.

In the Kaplan Meier curve is possible to observe the recurrence rate at the first breaking point (6
months) was of 14.81% while the recurrence rate at the second breaking point (2 years) was of 40.74%
(Figure 2).

During the follow ups we handed every patient to complete subjectively a scale taking into con-
sideration 5 symptoms being: pruritus, pain, hyperesthesia, burning sensation and aesthetic concern
during 4 different timelines (before therapy, after therapy, 6 months, 2 years). At the end of the 2
years follow up we calculated the average mean behind every score handed by the patients.

The mean score in Group 1 was of 10,625, where instead in Group 2 and Group 3 is respectively
2.5 and 3 (Figure 3).

The adverse effects of radiotherapy modality can be grouped into acute skin reactions and late
complications. Skin damage is a common side effect of radiotherapy, which causes excessive kerato-
sis, skin tissue atrophy, abnormal skin pigments metabolism (pigmentation or depigmentation), and
telangiectasia.?!

The most assessed sides effects of the radiotherapy modality were oedema, erythema and skin
pigmentation changes, as similarly seen in the literature'S with overall reactions being less than 1%.
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Figure 3. Subjective scale administered to the patients taking in consideration 5 different symptoms The figure expresses the
mean score of the evaluated symptoms (y axis) at four different timelines (x axis).

Table 3
Patients recurrence characteristics.
Overall Group 1 Group 2 Group 3 p-value Overall p-value p-value p-value
(n=11 (n=6 (n=3 (n=2 (Group 1 vs Group  (Group 1 vs (Group 2 vs (Group 1 vs
(40.7%) (75.0%)) (30.0%))  (22.2%)) 2 +3) Group 2) Group 3) Group 3)
6 months 4 (14.8%) 3 (37.5%) 1(10.0%) 0 (0%) 0.031 0.163 0.330 0.043
2 years 11 (40.7%) 6 (75.0%) 3 (30.0%) 2 (22.2%) 0.018 0.058 0.701 0.030

Patients recurrence characteristics with overall recurrence, recurrence in three groups and p-value comparison between the
groups. Bold numbers are indicating statistical significance.

Discussion

Radiotherapy has been shown to be one of the only treatment methods which are effective in pre-
venting keloid scars, particularly in case they were previously excised, with an estimated recurrence
rate around 20%. Currently, the most used radiotherapy techniques include external radiotherapy (us-
ing superficial X-rays or electrons) and low-dose-rate brachytherapy.?? It is noted that the occurrence
of late complications increases at doses above 20 Gy.23:24

Our results suggest that irradiating the fresh surgical lesion following surgery would yield favor-
able results, that is low incidence of recurrences, compared to surgery alone, thus highlighting the
effectiveness of surgery in combination with radiotherapy in the treatment of keloid scars. We exam-
ined whether EBRT is superior to HDR-BT or vice versa; these results demonstrate that there is no
significant statistical difference for the patients recurrences (p = 0701) and for the keloids recurrence
(p = n/a) thus both radiotherapy modalities are efficacious in preventing the recurrence of keloids.

Group 1 proved to be not efficient in preventing the recurrence of keloid scars due to higher rates
compared to Group 2 (p = 0058) and compared to Group 3 (p = 0030) at the 2 years follow-up when
analyzing the patient’s recurrence (Table 3). Complementary the same results can be found when
taking in consideration the keloids recurrence, with Group 2 (p < 0.001) and Group 3 (p < 0.001)
being the more efficient treatments when compared to Group 1 (Table 4).

The Kaplan-Meier curve showed how the first recurrence of keloid in a patient not only occurred
in Group 1, but it happened at the 100 days point, continuously the recurrence of keloids in Group
1 were more common in the 180 days first breaking point with respect to Group 2 and Group 3.
Regarding Group 2 and Group 3, the two curves crossing from 320 days and 420 days show how the
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Table 4
Keloids recurrence characteristics.
Overall  Group 1 Group 2 Group 3 p-value Overall p-value p-value p-value
nm=21 (n=13 (n=5 n=3 (Group 1 vs Group (Group 1 vs (Group 2 vs (Group 1 vs
(43.75%) (86.7%)) (26%)) (21%)) 2+3) Group 2) Group 3 Group 3)
6 months 2 2 (40.0%) 0 (0%) 0 (0%) 0.047 0.181 N/A 0.095
(<5 cm)
6 months 6 4 (40.0%) 2 (15.4%) 0 (0%) 0.153 0.341 N/A 0.250
(>5 cm)
2 years 5 3 (60.0%) 1 (16.7%) 1(10%) 0.063 0.242 N/A 0.077
(<5 cm)
2 years 16 10 (100%) 4 (30.8%) 2 (40%)  <0.001 <0.001 0.584 0.066
(>5 cm)
6 months 8 6 (40%) 2 (10%) 0 (0%) 0.007 0.100 0.496 0.016
2 years 21 13 (86%) 5 (26%) 3(21%) <0.001 <0.001 n/a <0.001

Keloids recurrence characteristics with overall recurrence, recurrence in the three groups and p-value comparison between the
groups at 6 and 2 years follow-ups with different lesions size. Bold numbers are indicating statistical significance.

two therapies gave the same recurrence rate in the patients at that specific analysis time. However,
going through the end of the analysis time we can see a slight lower recurrence rate in Group 3.

Summarizing the results, Group 1 (surgery alone) recurrence rate is constant through the analysis
time. Group 2 (HDR-BT) and Group 3 (EBRT) at the first breaking point (180 days) assess the same
recurrence rates, while diverging through the second breaking point (720 days).

The total recurrence rate increased between the 6 months and 2 years evaluation, respectively go-
ing from 14.81% to 40.74%, demonstrating that perhaps the development of keloids takes place mostly
at the 6 months from the moment of lesion.

The subjective scale, evaluating 5 different symptoms, which was supplied to the patients showed
us a discrepancy in the results, seeing how the mean score was lower in the patients applied to Group
2 while the patient recurrence rate was higher in this group.

When recurrence rates were not stratified by keloid size (including both lesions smaller than 5 cm
and those larger than 5 cm) a clear trend emerged indicating that Group 1 was the least effective
treatment, both in the short term (6 months, p-value = 0.007) and in the long term (2 years, p-
value = (p < 0.001). Specifically compared to both radiotherapeutical modalities, results show statis-
tical significancy comparing Group 1 vs Group 2 (p < 0.001) and comparing Group 1 vs Group 3 (p <
0.001) at the 2 years follow-up.

For keloids smaller than 5 cm, both short-term and long-term follow-ups confirmed the superiority
of radiotherapy modalities (Groups 2 and 3) over the treatment used in Group 1. The difference was
found to be statistically significant at the 6-month follow-up (p-value = 0.047), the trend remained
consistent over time with an almost significant analysis at the 2 years follow-up (p-value = 0.063).

Similarly, in keloids measuring >5 cm, radiotherapy-based approaches were again associated with
lower recurrence rates. HDR-BT (Group 2) showed a significantly better outcome compared to Group
1 (p < 0.001) highlighting its potential effectiveness in treating more extensive lesions.2>

On the contrary, EBRT (Group 3) when compared to Group 1 was found to not be statistically
significant (p-value = 0.066).

HDR-BT where keloid fibroblast activity is highest while minimizing deeper-tissue exposure. In
contrast, electron beam radiotherapy shows a surface build-up followed by a broader and deeper dose
deposition, resulting in a more gradual attenuation. These distinct physical profiles may help explain
the slightly better outcomes observed with brachytherapy in larger lesions (>5 cm), where precise
superficial dose confinement is more advantageous.26-27

Regarding safety, in our cohort, toxicity was mild (<1%) and no significant late complications were
observed. The rapid dose fall-off of HDR-BT reduces the risk of radiation exposure beyond the target
area, whereas electron beam radiotherapy, despite remaining superficial, results in a broader dose
distribution within the subcutaneous tissues that may be associated with a slightly higher potential
for pigmentary or subdermal effects. Nevertheless, both modalities remain safe, and the doses used
for keloids are well below thresholds associated with meaningful long-term risks.
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In line with previous findings, including those by Yossi et al., our results confirm the benefit of
adjuvant radiotherapy over surgery alone in the treatment of keloids. By incorporating a three-arm
comparative design and stratifying lesions by size, this study adds new insights, particularly regard-
ing the potential superiority of HDR-BT in larger keloids (=5 cm) and refines the understanding of
treatment efficacy across different clinical scenarios.

These findings reinforce the idea that radiotherapy modalities should be considered a key compo-
nent in the multimodal management of keloids, particularly when addressing high-risk cases such as
larger lesions or those with a history of recurrence. However, no statistically significant differences
were observed between the two radiotherapeutic groups.

Choosing one or another radiation therapy following the keloidectomy can be related to the pres-
ence or not of the equipment in the hospital and regarding the costs of the treatments itself. More-
over, HDR-BT cannot be offered to all patients for technical and logistic reasons.?> HDR-BT has the
highest cost of all the three treatments included in the study, while electron beam therapy comes in
second place.

Concluding, although the costs are higher using both radiation treatments after performing a
keloidectomy, the higher expenses can be justified by lower recurrency rates and in an overall smaller
cost in a long-term treatment.

Limits of the study

Limits of the study include the following: retrospective clinical study; non-randomized clinical
study; small number of patients; nonsystematic allocation of the different keloids localization in the
three groups; nonsystematic allocation of the different Fitzpatrick groups.

Conclusions

The present study suggests that surgical excision of keloids followed by adjuvant radiotherapy can
be an effective method of keloid and prevent their recurrence. This combination therapy, using surgi-
cal excision followed by radiotherapy appears to be also efficacious in alleviating the symptoms caused
by keloids such as pruritus, pain, hyperesthesia, burning and the aesthetic concerns. Recurrence rate
comparison between electron beam and brachytherapy was statistically insignificant, both analyzing
patients and keloids recurrency rates. Instead, recurrence rate comparison between the keiloidectomy
alone and respectively with brachytherapy and with electron beam was found to be statistically sig-
nificant.

At 2 years of follow-up, an interesting divergence emerged between the two radiotherapy-based
treatment modalities when evaluating keloids larger than 5 cm. Although both HDR-BT (Group 2)
and EBRT (Group 3) were generally effective in reducing recurrence rates compared to surgery alone
(Group 1), HDR-BT demonstrated a superior outcome in this specific subgroup. While the comparison
between Group 2 and Group 3 did not reach statistical significance, the numerical difference in recur-
rence rates suggests a potential clinical advantage for HDR-BT in managing larger and more complex
keloids. However, further research is necessary to affirm the efficacy of this form of treatment - in
a larger specimen of patients, and perhaps by a randomized controlled trial that would follow the
patients for a longer period.
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