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Introduction

Keloid is defined as benign abnormal fibrous outgrowth 
that extends beyond the confines of the original wound 
but is limited to the skin (1-3). Isolated fibroblast cells 

from keloid scars show increased collagen production and 
decreased collagenolytic activity (4). This imbalance results 
in an accumulation of extracellular matrix (ECM) in the 
scar leading to keloid formation (5). In the early phase of 
wound healing, the degranulating platelets produce potent 
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cytokines, such as epidermal growth factor (EGF), insulin-
like growth factor (IGF-I), platelet-derived growth factor 
(PDGF) and transforming growth factor β (TGF-β), that 
work as chemoattractant for lymphocytes, fibroblasts, 
monocytes and neutrophils, which are important mediators 
of the normal wound healing process (6). TGF-β1 and β2 
are crucial for collagen and proteoglycan synthesis and 
also play a role in preventing collagen breakdown. TGF-β 
is suspected to be linked with keloid formation either by 
persistent production or overexpression of both TGF-β1 
and β2 (5). Increased expression of several IGF-binding, 
IGF-binding-related proteins, and decreased expression 
of multiple IL-1-inducible genes have a role in the keloid 
formation as well (5). On histopathologic exam, thick 
collagen fibers with fibrous bands are arranged in sheets 
forming the upper part of dermis, mimicking fascia (7). 

The overall incidence of keloid reported in literature 
range from 1–16% (1,5). Different risk factors such as skin 
color, age, and gender have been linked to increased risk 
of keloid formation (1,5). Keloid formation prevalence is 
fifteen times higher in darker-pigmented individuals. The 
incidence of keloid formation in African-American is as 
high as 5.8% (8,9). The highest rate of keloid formation 
is seen between 10–30 years of age (1). Women are more 
prone to developing keloids, which may be attributed to 
differences in hormone levels and a higher tendency toward 
having body piercings (8,9). Regional susceptibility to keloid 
formation is also recognized in certain body parts, with the 
parasternal area, upper back, shoulders, earlobes and neck 
being the most common sites for keloid formation (10). 
Genetic predisposition may also play a role. An autosomal 
dominant pattern of inheritance has been supported by 
studies done in twins and families (1,5,6). Keloids are also 
associated with genetic syndromes such as Rubinstein Taybi 
and Goeminne, and immune reaction may be implicated in 
keloid formation (11).

In addition to symptoms of pain, pruritus, and burning 
sensation, cosmesis is of major concern, as keloids can 
cause disfigurement that may impair the quality of life 
of the patient (12,13). Treatment options include a 
surgical excision alone or excision with various adjuvant 
treatments, such as intra or postoperative steroid injection, 
postoperative radiation therapy, topical silicone application, 
intralesional cryotherapy, phototherapy, and pressure 
therapy (14-16). Chemotherapeutic agents, bleomycin or 
5-fluorouracil, immunomodulator imiquimod, interferons, 
and calcium-channel blocker, verapamil, have also been 
used to reduce the likelihood of keloid formation (14-16). 

Multiple studies have examined the best practice evidence 
for reducing keloid formation in patients who underwent a 
surgical excision of keloids (14-17). No single best choice 
can be offer to the patient as each treatment modality has its 
own indications, side-effects and limitations (13-17). 

As studies have shown keloid recurrence rate at previously 
excised site may be as high as 50%, consideration of adjuvant 
therapy to further reduce keloid formation in patients 
with history of keloid is crucial (18,19). Among adjuvant 
treatments available to reduce the likelihood of keloid 
recurrence, several studies suggest adjuvant external beam 
radiotherapy (EBRT) immediately after keloid excision 
is superior when compared to other adjuvants (13,16,18). 
Significantly less data exists on the efficacy of adjuvant 
EBRT as a form of primary prevention among patients 
with known history of keloid formation, who are receiving 
a surgical incision in a notably visible area, such as the neck 
(13,16,18,19). Studies on primary prevention of keloid 
formation has largely focused on the risks associated with 
adjuvant radiotherapy, such as sporadic risk for radiation-
induced cancers (18,19). The optimal timing, dosing and 
fractionation of radiotherapy post-operatively have not 
been well established (19). We assessed the role of EBRT 
as a prophylactic therapy for primary prevention of keloid 
formation following thyroid surgery. We present the 
following article in accordance with the STROBE reporting 
checklist (available at http://dx.doi.org/10.21037/gs-20-511).

Methods

Demographics
 

All patients underwent thyroid surgeries at a North 
American institution between January 2013 and February 
2019. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by institutional research board. Registration 
number 2019-2134 and individual consent for this 
retrospective analysis was waived. Patients who received 
postoperative prophylactic radiation therapy for keloid 
prevention following thyroid surgery were included in this 
study (N=10). Data were collected retrospectively from the 
institute’s medical records. All female patients with a high 
risk of keloid formation were offered postoperative adjuvant 
EBRT. A High-risk patient is defined as a patient who had 
previous surgery or trauma and developed keloid afterward 
anywhere on the body. Any female patient who may become 
pregnant, patients who previously received irradiation to 
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head and neck, and patients with no postoperative follow-
up at 6 months were excluded from the study. An informed 
consent was obtained by the surgeon and the radiation 
oncologist prior to the therapy. 

EBRT

Radiation treatments were electron beam therapy. Clinical 
radiotherapy mapping sessions were performed on the 
day of surgery. Post-operatively, wires were placed on the 
surgical incisions and drain site. Treatment fields were 
delineated by the radiation oncologist with the block edge 
set 2 cm from the scar and drain site, unless the drain site 
was distant (>5 cm) to the primary incisional scar (Figure 1).  
Typically, 5 mm bolus and 6 MeV electron energies were 
favored, and the electron beam was set orthogonal to the 
skin. A computed tomography (CT) scan in the treatment 
position was performed with bolus in place, in order for an 
Eclipse treatment planning station to model dose delivery 
and aid the confirmation of the appropriate electron energy. 
Cerrobend electron blocks were created from this target 
information and additional sensitive non-target areas were 
shielded, if needed, with 2-mm plastic-coated lead. The 
cerrobend block was inserted into the cone apparatus 
and treatments were typically treated at 105 cm source to 
skin distance (SSD). Prior to treatment, a cutout factor 
was measured and factored into the determination of 
appropriate monitor units (MU). Three treatment sessions 

were delivered on three sequential days (Figure 2) to a total 
dose of 12 Gy. 

Follow-up

Patients were evaluated for keloid formation, EBRT-
associated symptoms, and satisfaction with postsurgical 
cosmesis postoperatively. Overgrowth of incision were 
considered as keloid formation. Patient demographics, 
diagnosis, type of surgery, dose and fractionation of 
radiation therapy and follow-up. 

Statistical analysis

Descriptive statistics was done using SPSS version 16.0 to 
present our data.

Results

During the study period, ten patients with history of 
keloids underwent prophylactic EBRT after thyroid 
surgeries to prevent keloid formation. All patients studied 

Figure 1 Digital reconstructed radiograph (DRR) showing the 
wired incision scar and drain site as well as the edge of the electron 
beam (orange), 2 centimeters out.

Figure 2 Anterior (A) and lateral (B) view of EBRT field.

A

B
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were female with an average age of 46.40±15.63 years 
and BMI of 31.5±5.5 kg/m2. Five of the patients were 
African Americans, four Caucasians, and one Hispanic. 
Eight patients diagnosed with benign thyroid lesions 
(Hashimoto's thyroiditis, Graves’ disease, or enlarged 
symptomatic nodules) underwent thyroid lobectomy or total 
thyroidectomy, one patient underwent total thyroidectomy 
with central & lateral neck dissection, and one patient 
underwent a redo parathyroidectomy (Table 1).

All neck incisions were closed with 4-0 Monocryl suture 
in subcuticular fashion. Patients received no other adjuvant 
treatment for their incision, such as silicone gel sheeting, 
scar cream, pressure clothing, or steroids. Patients had a 
radiation mapping session and initial treatment on POD 
0 within 6 hours of surgery. The average radiation dose 
per session was 5.7±1.7 Gy. The average amount of total 
radiation was 17.4±4.2 Gy over three fraction sessions. 

All patients underwent a surgery via anterior cervical neck 
incision and received three postoperative EBRT fraction 
sessions. Three patients underwent two surgeries, one of 
them had her surgeries 4 years apart and received EBRT after 
both procedures. EBRT was well tolerated by all patients 
initially, but one patient noted to have transient erythema 
and one had mild hyperpigmentation 2–3 weeks after the 
treatment, which is not uncommon. These findings were 
mild and temporary as they were not evident at >6 months 
follow up visits. No severe adverse effects, such as delayed 
wound healing, ulceration, skin peeling, wound dehiscence, 
or wound infection, were reported. No overt case of 
secondary malignancy was observed during the study period. 

One patient who underwent concomitant lateral neck 
dissection in addition to thyroid surgery did develop 
hypertrophic scar which was noted in less than 10% of 
her index surgical incision, which measured approximately 
19 cm. The other nine patients exhibited no post-surgical 
keloid nor hypertrophic scar formation and patients were 
satisfied with postsurgical cosmesis. Average follow-up 
period was 12.9±7 months.

Discussion

Keloid is an exaggerated skin healing response to surgery 
or any other form of trauma to skin integrity. For patients 
with existing keloid who pursue corrective surgical 
excision, an addition of adjuvant therapies following keloid 
excision is highly recommended, as surgical excision 
alone has recurrence rate of 45% to 100% (20). In 2014, 
the International Advisory Panel on Scar Management 

recommended more proactive and prophylactic options 
of keloid prevention such as careful attention to surgical 
techniques, best practices for wound care, sun protection, 
usage of Silicone gel or sheeting, and corticosteroid 
injection in high risk patients (17). Silicone gel and 
sheeting require 12–24 hours per day use for a minimum of  
2 months, which is not ideal for a visible treatment area and 
non-compliant patient (21,22). Similar compliance issue is 
noted in association with pressure therapy, as the pressure 
device must be worn at least 23 hours a day for 6–24 months 
for optimal results (6). The therapy success rate reaches 
90–100%, especially among burn patients (23). Another 
modality is Corticosteroid injections which typically 
requires more than one session to achieve optimized 
outcomes and are associated with a high frequency of 
adverse effects such as pain, skin atrophy, dyspigmentation, 
telangiectasia, delayed and poor wound healing (20,23-27).  
Five-year keloid recurrence rate following adjuvant 
corticosteroid injections is 8% to 50% (20,23). Limited data 
exist to support the efficacy of laser therapy as a treatment 
modality for cutaneous scarring management, with small 
case series reporting an efficacy of 72% with 585-nm 
pulsed-dye laser therapy (13,28). Several chemotherapeutic 
agents, Fluorouracil (5-FU) and interferon, have been used 
for intralesional injection (5,23,29-31). 5-FU may cause 
wound ulceration and pain and interferon associated with 
significant expense (5,29-31). Similarly, the risk of post-
operative imiquimod 5% in flaps, grafts or wounds closed 
under tension has been a limitation as it can causes wound 
dehiscence, additionally, it is associated with skin irritation 
which may requires discontinue the medication for several 
days to a week (23,32). In terms of oral agent, Tranilast 
[N-(3,4-dimethoxycinnamoyl) anthranilic acid], a collagen 
synthesis inhibitor has been long used in Korea and Japan, 
but has not been approved for keloid prevention indication 
by the FDA in the U.S (31,33). 

Adjuvant EBRT has played an important role in 
the prevention of keloid recurrence for decades (34). 
The mechanism by which radiotherapy prevents keloid 
formation is poorly understood, but it appears to be related 
to fibroblast inhibition and reduction in collagen synthesis 
(35,36). Among patients who received EBRT in conjunction 
with keloid resection, published recurrence rates vary 
widely from 10–100% (25,37). Jones et al. reported no 
keloid recurrence in 81% of the 48 patients who underwent 
EBRT after surgical excision of keloid in different locations, 
including the neck (38). A 16% recurrence rate was 
reported by Pontoriero et al. from the 62 patients with 
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keloid formation at various sites, including face and neck 
(10%), after surgical excision and EBRT (39). 

Several keloid adjuvant therapy comparison studies 
have been performed previously. Emad et al. performed a 
prospective trial comparing surgical excision followed by 
EBRT vs. cryotherapy with intralesional triamcinolone 
in 2010. Patients in the adjuvant EBRT group showed 
higher keloid remission rate and were more satisfied with 
their cosmetic outcome compared to the cryotherapy and 
triamcinolone group (40). A randomized controlled trial by 
Sclafani et al. evaluated earlobe keloid excision followed by 
corticosteroid injection or EBRT. A lower recurrence rate 
was found with the EBRT group, although a statistically 
significant difference was not observed (41).

Less data is available on EBRT efficacy for keloid 
prophylaxis in patients who are undergoing surgeries in 
cosmetically vulnerable areas, such as the neck. The use 
of adjuvant EBRT in thyroid surgery patients prevented 
keloid in 90% of the studied patients. The only patient 
who experienced minimal keloid formation was undergoing 
a redo operation in the neck. In terms of dose and 
fractionation regimen, patients in this series received an 
average adjuvant radiation dose of 17.4 Gy divided into 
three fractions. Oagwa et al. and Kim et al. proposed a dose 
of 10–20 Gy, depending on the site (19,42).

In addition to clinical effectiveness and high patient 
tolerance to therapy, all patients complied with the 
EBRT sessions. Due to a minimal number of required 
treatment sessions and short duration of treatments, 
patient compliance was high. Having limited support with 
transportation to the EBRT sessions may be an issue in the 
post-operative period. 

The most commonly reported short-term side effect due 
to EBRT included hypopigmentation, hyperpigmentation, 
and erythema. We note that these were temporary and 
subsequently seen to have resolved at 6 months to 1 year 
follow-up. This finding is similar to other published studies 
(16,43). Given the risk, exposure of normal tissues to EBRT 
should be carefully titrated and reduced as much as possible 
by using minimal dose and fractionation schedules (42,44,45). 

With respect to potential long-term risks, a focus on 
induced second malignancies and possible induction of 
hypothyroidism had dominated. A systematic review 
comprised of 33 studies, on secondary malignancy 
from adjuvant EBRT showed that no relationship exists 
between irradiation to scar and late secondary malignancy 
manifestation (16). Determining the risk of radiation-
induced hypothyroidism is more difficult. We note that 

one of the largest studies looking at the relationship 
between hypothyroidism and direct thyroid irradiation 
found a strong association between thyroid dysfunction for 
doses above 35 Gy (as noted above, our patients received 
an average skin dose of 17.4 Gy, with dose to the deeper 
thyroid presumably much lower given the use of superficial 
electrons as our prophylaxis therapy) (46). Among 
patients in our study, none were noted to have developed 
hypothyroidism in the aftermath of their radiotherapy 
treatments. Due to the rarity of such events, the causal 
relationship may not be accurately established.

There are some limitations with this study. The follow-
up period may not be sufficient to capture possible late side 
effects of adjuvant EBRT. The cost of this treatment may be 
expensive depending on the regimen since the new radiation 
modalities are more expensive. 

Conclusions

Keloid is a challenging problem to treat. Prevention is the 
key to avoiding potentially adverse effect of keloid has on 
patient’s quality of life. Our results showed that prophylactic 
EBRT is highly effective in preventing keloid formation 
in high-risk patients, with only a minimal, short-term 
side effects. Potential long-term, delayed risks to normal 
tissue associated with EBRT and the added cost of EBRT 
remain minor drawbacks. Further studies are warranted on 
this promising modality on a wider surgical spectrum and 
different anatomical sites to prove it is long term efficacy on 
preventing keloid formation.
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