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A
A keloid scar is an abnormal growth of scar 

tissue that occurs at the site of a cutaneous 
injury.1 They do not regress and grow beyond 
the original margins of the scar, which 
differentiates keloid scars from hypertrophic 
scars.2 The etiology of keloid scars is not known 
with certainty, but it appears to involve various 
cytokines and growth factors, resulting in 
overactive fibroblasts and excessive collagen 
formation.1 Keloid scars occur more commonly 
in genetically susceptible individuals, such as 
people of African and Asian descent.3,4 Common 
causes of keloid scars include piercing, surgery 
and mechanical trauma.5–7 In addition to their 
unsightly appearance, keloid scars can cause 
significant pain and pruritis and adversely affect 
quality of life.7–9

Surgical excision of keloid scars is associated 
with an unacceptably high rate of recurrence, 
reported to be in excess of 80 percent.10–12 
Consequently, a wide range of other treatments 
have been used to treat keloid scars, including 
silicon bandaging, intralesional injections of 
corticosteroids and other drugs, cryotherapy, 
and radiation therapy.1,7 

The use of radiation therapy is known 

to affect gene activity. Genes involved in 
cell proliferation and extracellular matrix 
production are down-regulated while genes 
promoting apoptosis are upregulated.13 Thus, 
the application of radiation therapy following 
surgery appears to prevent keloid scar 
recurrence by decreasing fibroblast proliferation, 
arresting the cell cycle and inducing premature 
cellular senescence.14 Several studies have 
demonstrated the therapeutic benefits of 
surgical removal of keloid scars followed by 
radiation therapy.15–17 There is little evidence 
to suggest that exposing keloid scars or 
surrounding healthy skin to the amount of 
radiation used causes skin cancer.18–20 The 
combined use of surgery with radiation therapy 
is an accepted method of treating keloid scars, 
although differences in radiation type, dose, 
fraction, and treatment interval remain.16 

One systematic review of the literature found 
that the recurrence rate of keloid scars treated 
with combined surgery and various forms of 
radiation treatments, including brachytherapy, 
electron beam and x-ray could be less than 
10 to 20 percent.21 In order to compare the 
different radiation therapy doses used, the 
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authors applied the linear-quadratic concept 
to normalize doses to a biologically effective 
dose (BED). For keloid scars treated with 
surgery alone, the rate of recurrence ranged 
from 50 to 80 percent, while the addition of 
radiotherapy following keloidectomy with 
a BED value greater than 30Gy reduced the 
recurrence rate to less than 10 percent. The best 
outcomes were achieved with a BED value of 
30Gy administered within two days of surgery.21 
A more recent meta-analysis of various types 
of post-surgical radiation treatment using the 
same BED calculations revealed recurrence rates 
of 15 percent for isotopic brachytherapy and 23 
percent for x-ray and electron beam therapy. 
However, most x-ray studies reviewed did not 
employ a beneficial BED.22 

To confirm the effectiveness of x-ray therapy 
following the surgical removal of keloid scars, 
the following retrospective study assessed the 
rate of keloid scar recurrence following post-
surgical treatment with superficial radiation 
therapy (SRT) using a therapeutic dose with a 
BED value of 30Gy.

MATERIALS AND METHODS
All known clinical centers in the United States 

treating keloid scars with SRT (SRT-100™, Sensus 
Healthcare, Boca Raton, Florida) were contacted 
to participate. To be eligible to participate, 
sites were required to treat each surgical 
keloidectomy site with a BED value of 30Gy 
within the first two days of surgery as defined 
by Kal et al21 and have at least ten patients with 
at least 1-year follow-up. Two centers declined/
did not respond and four clinical centers agreed 
to participate. A chart review was performed 
for each treated patient and information 
was obtained about demographics, keloid 
scar characteristics, surgical treatment, SRT 
treatment parameters, adverse events (AEs) and 
keloid scar recurrence. 

The recurrence rate, based on any new 
tissue growth on the surgical scar margin, was 
assessed using Kaplan-Meier survival probability 
estimates calculated across available follow-up 
data, reporting recurrence probability estimates, 
and lower and upper limits of the 95 percent 
confidence interval by follow-up year. The study 
protocol was determined to meet the conditions 
for exemption under 45 CFR 46.101(b)by 
a commercial IRB (Western Institutional 
Review Board (WIRB), Puyallup, Washington). 

ClinicalTrials.gov Identifier: NCT03693924.4

RESULTS
Patients. The demographics and 

characteristics of the patients included in this 
analysis (N=61) are summarized in Table 1 and 
keloid scar characteristics are summarized in 
Table 2. Treated patients presented with one 
(n=39, 64%), two (n=13, 21%), three (n=7, 
11%), four (n=1, 2%) or six (n=1, 2%) lesions 
for a total of 96 keloid scars. Approximately 
one-half of treated lesions (54%), for which 
information was available (n=63), were 
recurrent keloid scars and most treated keloid 
scars, for which information was available 
(n=82, 79%), had received one or more prior 
treatments (Table 2).

Procedures. Among the total treated 

TABLE 1. Demographics and patient characteristics
Sex, n (%)a

Male 29 (48)
Female 32 (52)

Mean Age (SD) min, max 38.9 (16.3) 9, 76
Race/Ethnicity, n(%)b

African American 42 (73)

Caucasian 10 (17)

Hispanic 6 (10)

Fitzpatrick Skin Type, n (%)c

 II 2 (8)

III 2 (8)

IV 3 (11)

V 12 (46)

VI 7 (27)
an=61; bn=58; cn=26

FIGURE 1. Example of clinically significant recurrence: A) pre-surgery/SRT and; B) follow-up post-SRT; silicon scar gel 
was recommended at the six-month follow-up visit

FIGURE 2. Example of non-clinically significant keloid recurrence: A) prior to excision and SRT and; B) 19 months post-
SRT. Patient received an intralesional corticosteroid and topical silicone gel at the last follow-up visit

A B

A B
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keloid scars, most (n=89, 93%) were excised 
with a scalpel and the remainder (n=7, 7%) 
were removed using tangential excision with 
secondary intention technique. The most 
commonly applied suture was a simple suture 
(66%), either alone (57%) or in combination 
with buried (8%) and running (1%) sutures. 

The length of the surgical excision was reported 
for 84 keloid scars (94%) that were removed 
via excision scalpel surgery (n=89). The mean 
(SD) length was 62.2 (49.7) mm (range, 10–230 
mm). Following excision, sutures were removed 
after a mean of 11.6 (3.8) days (range, 7–21 
days). 

Following surgery, the first SRT was 
administered after a mean of 1.1 (0.36) days 
(range, 1–3 days), the second after 2.4 (0.81) 
days (range, 2–5 days), and the third after 3.9 
(1.51) days (range, 3–8 days). One keloid scar 
received two SRT treatments on Post-surgical 
Days 1 and 2, and one keloid scar received one 
SRT treatment on Post-surgical Day 3. Mean 
energy of 100KV (73%) or 70KV (27%) were 
applied.

Among subjects for whom data are available 
(n=90), the mean individual SRT dose was 
601.8 (2.8) cGy (range, 600.0–611.2 cGy) and 
the mean total SRT dose was 1805.3 (8.3) cGy 
(range, 1800.0-1833.6 cGy). Among subjects 
with available data (n=84), the mean treatment 
margin was 7.9 (2.9) mm (range, 2–15 mm).

In addition to SRT, other postoperative 
treatments included silicone (n=19, 23%), 
antibiotics (n=13, 16%), intralesional 
corticosteroids (n=7, 8%) and pressure (n=4, 
5%). The mean duration of follow-up was 13.2 
(10.9) months (range, 1–41.5 months). A large 
proportion of subjects (n=39, 44%) had follow 
up beyond one year and 15 (17%) had follow-up 
beyond two years.

Efficacy. Ten of 96 treated keloidectomy sites 
(10.4%) had recurrences within 12 months, five 
of  which were considered clinically significant 
by the treating physician. Assessment for 
whether a recurrence was clinically significant 
was based on each individual clinician’s 
evaluation of the keloid. Examples of clinically 

significant and non-significant keloid 
recurrences are shown in Figures 1 and 2. By 
18 months, a recurrence was present (n=11; 
12.7%) or absent (n=75; 87.2%) at 86 SRT-
treated keloidectomy sites. The Kaplan-Meier 
survival probability, based on all 11 recurrences 
(both clinically significant and nonsignificant), 
was 85.6 percent from 24 months post-SRT 
treatment onwards. The survival cure rate 
probability estimates and the lower and upper 
limits of the 95 percent confidence interval for 
these data are summarized in Table 3. 

Recurrent keloid scars had a mean age of 
67.9 months, mean length of 44 mm and were 
located on the torso (n=8) and face (n=1) or 
site not reported (n=2). Subjects with recurrent 
keloid scars were female (n=8) and male (n=3), 
with a mean age of 40.4 years and were of 
African-American (n=8), Caucasian (n=2) or 
Hispanic (n=1) descent. For six patients, the 
recurring keloid scar was the only one treated. 
Four patients had more than one keloid scar 
treated, but only one recurred. One patient, 
a 54-year old African American woman, had 
two of three treated keloid scars recur. Among 
nine recurrent keloid scars that had been 
previously treated, eight had received previous 
intralesional corticosteroids. 

A multivariate Cox regression analysis of 
the potential influence of sex, age, and keloid 
scar location, etiological factor, perioperative 
treatment, and postoperative treatment 
determined none of the evaluated factors were 
independent risk factors for lesion reoccurrence 
(p>0.05).  

A comparison of the variables associated 
with the recurring keloid scars to those same 
variables as evaluated for the overall study 
population revealed the following observations:

• Keloid scars recurred more frequently 
among female subjects (73% vs. 52%).

• The greatest incidence of keloid scar 
recurrence was on the chest (78% vs. 
41%).

• Recurrent keloid scars were more likely to 
have previously recurred (71% vs. 54%).

• The timeframe of suture removal after 
excision surgery was somewhat longer for 
recurring keloids (14–17 days vs. 7–14 
days).  

Safety. SRT-related adverse events. 
Pigmentation change was noted following SRT 
treatment for 59 (61%) subjects demonstrating 
hyperpigmentation (n=33, 56%), 

TABLE 2. Keloid characteristics

Mean Keloid Age, months (SD) min, maxa 80.7 (97.8) 
8, 372

Mean Keloid Length, mm (SD) min, maxb 46.2 (36.4) 
8, 200

Mean Keloid Length Distribution, n (%)b

≤20 13 (17)

21–30 21 (27)

31–40 11 (14)

41–50 12 (15)

51–70 8 (10)

71–100 7 (9)

>100 6 (8)

Keloid Location, n (%)c

Chest 35 (37)

Ear Lobe 21 (22)

Face 9 (10)

Ear 7 (7)

Upper Back/Shoulder 7 (7)

Breast 5 (5)

Scalp 5 (5)

Jaw 4 (4)

Chin 1 (1)

Neck 1 (1)

Upper Arm 1 (1)

Keloid Etiology, n (%)d

Piercing 16 (33)

Surgery 16 (33)

Acne 15 (31)

Traumatic Wound 1 (3)

Prior Treatment, n (%)e

Intralesional Corticosteroids 38 (58)
Laser Therapy 11 (17)
Excision 9 (14)
Shave 5 (8)
Cryosurgery 1 (1.5)
Excision and SRT 1 (1.5)

an=55; bn=78; cn=96; dn=48; en=82. SRT, superficial 
radiation therapy. 

TABLE 3. Kaplan-Meier Survival Cure Rate Probability 
Estimates

POST-TREATMENT 
MONTH PROBABILITY (95% CI)

2 0.938 (0.864, 0.974)
4 0.925 (0.849, 0.967)
6 0.911 (0.831, 0.957)
8 0.911 (0.831, 0.957)

10 0.911 (0.831, 0.957)
12 0.876 (0.789, 0.932)
18 0.856 (0.766. 0.917)

24+ 0.856 (0.766, 0.917)
CI, confidence interval
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hypopigmentation (n=4, 7%) or both (n=4, 
7%). Other reported AEs included radiation 
dermatitis (n=15, 18%), pain (n=14, 19%), 
pruritus (n=6, 8%) and radiation area pinkness 
(n=1, 1%). The six instances of localized 
pruritus occurred at six keloidectomy sites on 
one subject. 

Surgery-related complications. Complications 
associated with surgery included wound 
disruption (n=2, 3%); infection; wound 
disruption and infection; itching, pain, 
tenderness, irritation; cellulitis; erythema; 
hematoma; wound drainage, dryness; 
postoperative bleeding and alopecia (for 
each, n=1, 1%). AEs requiring treatment are 
summarized in Table 4.

DISCUSSION
Although keloid scars are relatively benign, 

they have an unsightly appearance, cause 
significant pain and pruritis, and have a 
considerable negative impact on quality of 
life.7–9 Post-keloidectomy radiotherapy has been 
shown to be superior to excision alone, and 
the use of different modalities and treatment 
schemes has resulted in recurrence rates ranging 
from 3 to 60 percent.21 The purpose of this 
study was to assess the recurrence rate, defined 
as presence of any new tissue growth on the 
surgical scar, following keloidectomy using SRT 
with a BED value of 30Gy. 

The overall rate for both clinically and 
nonclinically significant recurrences of 12.7 
percent in the present study using a BED value 
of 30Gy immediately following surgical excision 
is consistent with previous studies using a 
similar dose and schedule.21,23 These results 
underline the importance of appropriate dose 
and treatment schedule of SRT to obtain optimal 
outcomes. An interesting observation was 
recurrence of one keloid scar in patients with 
multiple keloid scars treated by keloidectomy 
and SRT, suggesting recurrence is not 
determined systemically but by local factors.  

Although regression analyses did not 
determine any independent risk factors for 
lesion recurrence, it was noted that the greatest 
incidence of keloid scar recurrence was on the 
chest which is consistent with previous findings 
with recurrences observed at sites of high 
stretch-tension.22,24

Treatment-related hyperpigmentation has 
previously been reported following keloid 
scar excision and SRT and may reflect the 

greater susceptibility of postinflammatory 
hyperpigmentation among dark-skinned 
individuals in this study population.24,26 
Fractionation of the SRT dose reduces the risk 
of hyperpigmentation and long-term sequelae 
are improved with three doses.21,22 Although 
hyperpigmentation and hypopigmentation in 
SRT-treated keloidectomy patients are generally 
considered transient, additional fractionation 
may be worth investigating in dark-skinned 
individuals in future studies.27 

Although subjects were followed for a 
limited time period, there was no evidence 
of SRT treatment-related malignancies at the 
treatment site. A systematic review of 72 studies 
concluded that the risk of neoplasm from 
radiotherapy for the treatment of keloid scars 
is low, and most radiation oncologists consider 
the technique acceptable.22  Furthermore, recent 
consensus guidelines suggest that there is little 
evidence that exposing keloids or surrounding 
healthy skin to a BED of 30Gy causes skin 
cancer.28

Limitations. Several limitations to this 
study include the retrospective nature and 
missing data from some patient charts. Also, 
the definition of keloid scar recurrence was 
not well-defined. Other studies of keloid 
scar recurrence do not define keloid scar 
recurrence or use a variety of objective and 
subjective measures.15,29–31 Although 11 keloid 
scars recurred in the present study, five were 
reported as “clinically significant” by the treating 
physician and required additional treatment but 
without further description. 

These limitations could be addressed in a 
prospective study of keloid scar recurrence. The 
use of a three-dimensional stereoscopic optical 
system appears to be an accurate and objective 

means for measuring changes in keloid scar 
volume.32.33 Similarly, three-dimensional 
impressions of keloid scars also appear to be 
a precise and reliable method of assessing 
changes in keloid scar volume.34,35 Furthermore, 
a prospective study with longer follow-up would 
help establish the efficacy of SRT following 
surgical excision of keloid scars.

CONCLUSION
We found a fractionated, biologically effective 

dose value of 30Gy, obtained with three 6Gy 
SRT treatments on Days 1, 2, and 3 following 
surgery was well-tolerated and resulted in fewer 
long-term recurrences than reported following 
keloidectomy alone. The vast majority of keloid 
scar recurrences occurred within one year. No 
malignancies were detected during follow-up 
evaluations. These findings are consistent with 
recent consensus recommendations on the 
treatment of keloidectomy sites with superficial 
radiation.28 A prospective study of keloid scar 
recurrence rate following keloidectomy and SRT 
is planned.
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