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Abstract
Background: Keloids are dermal tumors that are due to increased production of collagen caused by abnormal and prolonged wound 
healing. The incidence of recurrence is extremely high if  only conservative measures are used. This study was conducted to evaluate 
the feasibility and efficacy surgery and high dose rate brachytherapy as an adjuvant therapy for treatment of keloids. Materials and 
Methods: 50 patients with clinically diagnosed 71 keloids were treated with excision of keloid and post-operative high-dose rate 
brachytherapy were studied. Complete excision of the keloid till the healthy skin margin was excised. The wound were closed in 2 layers. 
Subcutaneous tissue closed using absorbable suture, over which a 6F flexible polyethylene tube was placed. High dose rate cobalt-60 
brachytherapy was administered. Total of 15 Gy in divided dose, 5 Gy in 3 fractions were administered. Results: 50 patients with 71 
keloids were studied. Out of the 50 patients, 12 were male (24%) and 38 were females (76%). Age of the patients ranged between 14 and 
71 years. Recurrence rate was 2% with 2 keloids recurring at 5 months interval. 4 patients scored the results as unacceptable, remaining 
45 patients rated their results as excellent during their follow up at 10 days, 3 months and 6 months. Conclusion: Treatment of keloids 
in the plastic surgeon’s practice even today is still challenging. Many therapies have been described, but recurrence rate is high with 
mono-therapy. Combination therapy especially surgical excision with postoperative radiotherapy is best in preventing recurrence.
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Introduction
Keloids are dermal tumors that are due to increased 
production of collagen caused by abnormal and prolonged 
wound healing.[1] Hypertrophic scars and keloids are the 
same lesions with different endpoints. As compared to 
hypertrophic scars, keloids tend to grow into the healthy 
surrounding skin.[2] Histopathology of keloids shows 
collagen bundles arranged in nodular/cluster fashion. 
This feature differentiates the keloid from hypertrophic 
or other scars.[3,4] Although the histo-pathological 
examination is well defined, the pathophysiology of 
keloids is less known.[2] As the pathophysiology is less 
defined, the treatment of keloids is also challenging. The 
major concern for patients as well as treating doctor is 
the chance of recurrence. The incidence of recurrence 
is extremely high if  only conservative measures such 
as intralesional steroids are used. If  surgery alone is 
considered, then also recurrence rate is 45%–100%.[5-7] 

However adding radiotherapy postoperatively reduces 
this to <40% (i.e., 8%–60%).[8-12]

But radiotherapy-induced damage to the healthy 
surrounding line and radiation-induced secondary 
malignancy are major indexing factors for perioperative 
adjuvant radiotherapy. Various modalities of radiotherapy 
have evolved in recent times, to reduce damage to healthy 
skin and to reduce the chances of recurrence. One of 
such therapy is high-dose rate (HDR) brachytherapy. 
This study was conducted to evaluate the feasibility and 
efficacy surgery and HDR brachytherapy as an adjuvant 
therapy for the treatment of keloids.

Head1=Head2=Head1=Head2/Head1
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Materials and Methods

A total of 50 patients with clinically diagnosed 71 keloids 
were treated with excision of keloid and postoperative 
HDR brachytherapy was studied.

Inclusion criteria
The inclusion criteria of the study were clinically 
diagnosed keloids.

Exclusion criteria
The exclusion criteria of the study were children aged 
under 13  years, pregnant, and breastfeeding women. 
People who were unwilling for radiotherapy and or had 
any contraindication for radiotherapy were also excluded 
from the study. All patients were well informed and consent 
was taken for both surgical excision and radiotherapy.

Surgical technique
Keloid excision was done under local anesthesia in most 
of the surgical procedures; general anesthesia was given in 
those cases where multiple keloid excision was contemplated. 
Complete excision of the keloid till the healthy skin margin was 
excised. The wounds were closed in two layers. Subcutaneous 
tissue closed using absorbable suture, over which a 6F 

flexible polyethylene tube was placed. Skin was closed on 
top of the tube. The closed end of the tube was placed at 
least 5 mm beyond the wound margin. Using postoperative 
3D computed tomography (CT) reconstruction [Figure 1A 
and B], brachytherapy was planned limiting the irradiation 
to surrounding normal structures.

Radiation
HDR cobalt-60 brachytherapy was administered. Of 15 
Gy in divided dose, 5 Gy in three fractions were planned. 
The first fraction was administered within 24 h of excision 
of the keloid and the following two fractions were given 
on the next 2  days. As soon as the last brachytherapy 
fraction was administered, the tube placed was removed 
and the wound covered with a gauze pad. The patient 
was instructed to remove the pad the following day and 
follow-up on the 10th postop day for suture removal.

Follow-up and assessment
Follow-up was done at 10 days, 3 months, and 6 months. 
At the end of 6 months, scoring system was used to assess 
the recurrence as well as cosmetic acceptability. Table 1 
shows the assessment characters). After 6 months, patients 
were advised to report if  they had any recurrence or any 
adverse reactions.

A

B

Figure 1: (A) Chest keloid. (B) CT showing location of brachythearpy tube
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Results
A total of 50 patients with 71 keloids were studied. Of 
the 50 patients, 12 were male (24%) and 38 were females 
(76%). Age of the patients ranged between 14 and 71 years. 

The most common complaint was tumor/swelling; all 
patients came with this complaint (100%). Next common 
complaint was pruritis/itching. Ear lobule was the most 
common site [Figure 2A–C] and formed 48% of the cases 
[Figure 2D]. Next most common site was chest (in 24% of 
patients) [Table 2]. All ear keloid patients had a history 
of ear piercing. Among the 24 ear keloid patients, 21 had 
bilateral keloid and 3 had unilateral. Keloid found in 
other areas was single. Of the 50 patients, 8 had recurrent 
keloids. They had keloids excised earlier but had not taken 
any adjuvant treatment. All patients had their symptoms 
improved. One patient of bilateral recurrent keloid had 
recurrence at the same site at 5  months postoperative 
period. By 1-year postoperative time it was of the same 
size as before. Recurrence rate was 2% with two keloids 
recurring at 5 months interval. Four patients scored the 

Table 1: Assessment of aesthetic result as well as recurrence
Scores#

Hypopigmentation 1

Hyperpigmentation 1

Skin fibrosis/induration 2

Alopecia 1

Skin atrophy 1
#Score of >3 considered unacceptable result (aesthetically)
Scar elevation more than 2 mm from surrounding skin level was 
considered recurrence

A

B

C

D

Figure 2: (A) Ear keloid. (B) Immediate postop. (C) 1-year postop. (D) Site distribution of the cases
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results as unacceptable; the remaining 45 patients rated 
their results as excellent during their follow up at 10 days, 
3 months, and 6 months [Figure 3A–C]. Five of 50 (10%) 
patients had cosmetically unacceptable results. These 
patients were concerned about the pigmentation, alopecia. 
Later patients are advised to report if  they have any 
symptoms or recurrence. None among the 45 reported.

Discussion
It is a well-known fact that trauma/injury is the etiological 
factor for any scar formation.[13] So it is in keloid formation. 
During the wound healing, normally there is laying 
down collagen in an organized manner. But the collagen 
laid in a disorganized manner lead to keloids.[14] Studies 
show that there is an increased activity of fibroblasts to 
a milder stimulus leading to excess production of the 

collagen.[2] This increased activity leads to hypertrophic 
scar or the keloid. For the same reason, recurrence in these 
conditions is a common feature. A meta-analysis of the 
various studies to determine the ideal keloid treatment 
done by Durani and Bayat[14] failed to conclude any 
definite protocol. A  number of studies have proposed 
various treatment methods such as continuous pressure 
after surgery,[15] intralesional corticosteroid injections,[16] 
silicone gel,[17] retinoic acid,[18] silastic sheet coverage,[19] 
carbon dioxide laser,[20] NdYaG laser,[21] 5-fluorouracil, 
and interferon. But not many of these are effective in 
treating these keloid or hypertrophic scars. Recurrences 
are high with monotherapy such as 33% by intralesional 
steroid, and above[22] 50% with laser therapy.[23] Surgical 
excision is effective in removing the existing tumor.[2] 
However, many studies have shown that surgical excision 

A

C

B

Figure 3: (A) Shoulder keloid on excision. (B) With brachytherapy tube in situ. (C) Late postop-healed with hypopigmentation
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alone cannot prevent recurrence, and recurrence rate was 
as high as >50% at 1-year follow-up.[24,25]

Many studies indicate that postoperative radiotherapy 
is effective in achieving good control rate as much as 
67%–98%[26] and some have achieved low recurrence 
rate (of 6%–27%).[27,28] Hence, surgical excision with 
postoperative adjuvant radiotherapy has been decided 
on the most efficacious treatment regimen for severe 
keloids, treatment failures and recalcitrant keloids by the 
international advisory.[6,29] Even after so many studies, 
developing a definitive protocol has been a challenge, 
as the type of radiotherapy has also evolved from gross 
EBRT to specific brachytherapy. However irrespective of 
the method used Cal and Veen recommended that dose 
of radiation with a BED delivery of 30Gy % is effective 
in preventing recurrence.[30] Table 3 shows a comparison 
of the doses used and the dosage in different regimens. 
In our study we used three fractions of 5 Gy delivered 
at the site at 24-h interval. In our study, as keloids 
were not very large a fixed dose of 5 Gy was used. This 
fraction of 5 Gy was considered effective in limiting the 
activated fibroblasts. Radiation is also known to induce 
rest in normal fibroblasts and prevent excess collagen 
production.[13] Hence, the timing of radiation is equally 
important. The effect of radiation is highest when started 
within 24 h of excision. Studies show that immature 
fibroblasts are recruited into the surgery site within 24 h 
and start laying down collagen.[41] Newly laid unstable 
collagen is also sensitive to radiotherapy.[42] This results 
in a balance between the normal and abnormal collagen, 
thus preventing the development of keloid. In our study 
also first dose of brachytherapy was given within 24 h. 

The low recurrence rate in our study can be explained 
because of these factors also.

In our study, majority of the patients had ear keloids 
(48%). Ear piercing is one of the widespread practice in 
Indian community; the trauma caused by piercing leads 
to the ear keloids. Ear keloids formed 25% of patients 
in a study conducted by Petrou et al.[2] In another study, 
ear keloids formed 100% of the cases.[27] The treatment, 
used in our study, the combination of surgical excision, 
and HDR brachytherapy had excellent results and we had 
only one recurrence at 12 months follow-up period. The 
same was evident in other studies also. Study by Ogawa 
et al.[43] also had similar results for ear lobe keloid. The 
authors also found no recurrence in the head and neck 
region. All these studies show that the incidence of ear 
keloids although is more, if  treated with combination 
therapy treated efficiently.

In our study, patients were followed up actively till 
6 months postoperative. After that patients were advised 
to report if  any complication/ recurrence. Only five 
patients had concerns during the period. One patient with 
ear keloid reported with recurrence. The recurrence was 
seen maximum within 2  years of therapy.[44] One of the 

Table 2: Demographic profile of patients
Total number of cases 50
Total number of keloids  71   

Age of patient  14–71 years

Sex  Male-12 Female-38  

Site Ear-24 Chest-12 Shoulder-9 Others-5

Table 3: Comparison of different doses of radiotherapy
Malaker et al.[31] 20 Gy Ir 192 Single

Bertiere et al.[32] 16 Gy LDR Single

Clavere et al.[33] 15 Gy LDR Single

Maalej et al.[34] 20.4 Gy Ir 192 Single

Guix et al.[35] 4 × 3 Gy HDR Four

Malaker et al.[36] 4 × 4 Gy Co60 Four

Norkwong and Thirakhupt[37] 3 × 5 Gy Ir 192 Three

Veen and Kal[38] 3 × 6 Gy Ir 192 Three

 1 × 6 + 2 × 4 Gy Ir 192 Three

De Lorenzi et al.[39] 2 × 7 Gy Ir 192 Two

Arneja et al.[40] 3 × 5 Gy Ir 192 Three

This study 3 × 5 Gy Co 60 Three
LDR  =  low-dose radiation, HDR  =  high-dose radiation, Ir 
192 = iridium 192, Co 60 = cobalt 60

Figure 4: Image showing the spread of radiation protecting the healthy 
ear cartilage
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studies showed that recurrences were within 12  months. 
Depending on the dosage of radiation studies have 
shown recurrence rate to vary between 3.5% and 27%.[45,46] 
Intrabeam radiation was better compared to external 
beam radiation. As intrabeam radiation limits the injury 
to normal structures, HDR brachytherapy [Figure 4] 
has promising results as compared to low-dose radiation 
brachytherapy. The relapse rate varied in different studies. 
But majority of them had less significant relapse rate 
whenever HDR brachytherapy was used. One study 
of 36 patients had only one recurrence[38] and similar 
studies of 21 patients had two recurrences. Both these 
studies used HDR brachytherapy as adjuvant therapy. All 
studies have different protocols but all of them propose 
high dose in divided fraction started early after surgical 
excision effectively presented in relapse/recurrence  
rate.[47]

The major inhibiting factor for any surgeon is side effects 
of radiotherapy. Side effects are either encountered 
immediately after radiation or late. Pruritis, erythema, 
and pigmentation were the immediate side effects. Hyper/
hypopigmentation and alopecia were late complications.[13] 
Alopecia resulted from the epilation of hair follicles 
at the site of the radiation which was seen in three of 
our patients. The major concern is about the radiation-
induced carcinogenesis. The largest literature (between 
1901 and 2009)  review shows carcinogensis only in five 
cases. Among the five cases one was keloid transforming 
into malignancy.[13] In other four cases where skin cancer 
was reported, the radiation dose and the duration of 
the exposure was not documented. Many studies have 
found the chance of radiation-induced malignancy as 
just a theoretical concern[48] and some have has suggested 
as <0.1%. In the dose that we have used the chance of 
malignancy was insignificant and hence follow-up was 
limited to 1  year. Calculation also shows that patient 
getting one CT chest[49] is exposed to more radiation than 
the dosage we used and hence this compares the safety of 
the radiotherapy used for keloids. Hence, we believe that 
the present protocol can be effectively used in preventing 
the keloid recurrence.

Conclusion
Treatment of keloids in the plastic surgeon’s practice 
even today is still challenging. Many therapies have 
been described, but the recurrence rate is high with 
monotherapy. Combination therapy especially surgical 
excision with postoperative radiotherapy is best in 
preventing recurrence. HDR brachytherapy with 15 Gy in 
divided doses irrespective of the site has provided good 
results with less recurrence rate and good cosmetic result. 
The technique provides a high local control rate without 
significant complications. It is well tolerated and does not 
present significant side effects. The advantages of HDR 
brachytherapy over superficial X-rays or low energy 
electron beams is that it provides a better selective deposit 

of radiation in tissues within a short duration and causes 
lower degree of normal tissue damage. Studies involving 
large numbers will prove the efficacy. The cost involved in 
brachytherapy is a major hindrance for therapy in Indian 
subcontinent.
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