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INTRODUCTION 

Hypertrophic scars and keloids are dermal proliferations of fibrous tissue that most often arise at sites of cutaneous 
injury. They affect approximately 10% of the global population, are most common between the ages of 10 and 30 and 
have a higher prevalence (15–20%) in individuals of African, Asian, or Hispanic descent. Individuals with higher 
Fitzpatrick skin types are estimated to be 15 times more likely to develop hypertrophic scars/keloids.1 Risk factors 
include history of prior hypertrophic scars/keloids, local skin tension, follicular inflammation or infection and family 
history. Keloid scars are increasingly considered advanced hypertrophic scarring.  They often form after skin trauma 
(piercings, acne, surgery, tattooing, insect bites, burns, lacerations, abrasions, vaccinations, and any other process 
resulting in cutaneous inflammation) and can result in functional and cosmetic burden or psychosocial effects from 
developing disfiguring scars. Hypertrophic scars/keloids result from abnormal wound healing, presenting as raised, 
firm lesions that extend beyond the margins of original injury. They are often pruritic or painful and can cause 
restrictions in movement in severe cases.2 They may develop anywhere on the body, most commonly shoulder, chest, 
upper back and earlobe, and occur as early as 1 to 3 months or as late as one year after injury. Spontaneous lesions 
have been reported. Hypertrophic scars/keloids do not regress spontaneously. 

 
Pathophysiology 
Hypertrophic scar/keloid formation is a result of aberrant wound healing and involves the dysregulation of complex 
inflammatory pathways.3 This process involves fibroblasts with increased proliferative activity that are associated 
with lower rates of apoptosis resulting in increased fibroblast activity. This results in an overproduction of collagen 
and cytokines.  Collagen synthesis in hypertrophic scars/keloids is 20 times greater than that of healthy skin and three 
times greater than a hypertrophic scar. Transforming growth factor-beta (TGF-beta), which promotes chemotaxis of 
fibroblasts to sites of inflammation and production of collagen, is thought to be a primary driver of this process.4 
Platelet-derived growth factor (PDGF) is a family of proteins released from platelets during clotting, stimulates 
connective tissue growth, and wound healing by driving cell proliferation, migration and collagen production has also 
been implicated in formation of hypertrophic scars/keloids. It has also been implicated in formation of hypertrophic 
scars/keloids. Dysregulation of these pathways leads to fibrosis and abnormal scar response.5,6 Additionally, increases 
in proinflammatory cytokines including IL-6 and -8, and decreases in anti-inflammatory IL-10 have been associated 
with increased scar formation.3  
 
Patient Evaluation 
The diagnosis of a hypertrophic scar or keloid is clinical. They present as erythematous, flesh-colored or 
hyperpigmented, firm, rubbery nodules and typically extend above the skin surface. Keloids may expand to a broad 
plaque beyond the area of initial trauma. Hypertrophic scars are typically smaller, do not project further than 4 
millimeters above the skin, and do not extend beyond the initial area of injury. The differential diagnosis is narrow, 
and a biopsy is not required unless the diagnosis is in question, especially if there is concern for dermatofibroma or 
other malignancy. Biopsy is rarely required and increases the risk of further scarring. 

 
Treatment Options 
Although hypertrophic scars and keloids are unique entities, they are quite similar and can be approached similarly 
from a treatment standpoint. The goals of treatment of hypertrophic scars/keloids are symptom relief or 
improvement in cosmesis. First-line treatments depend on site, size and history of prior treatments. Typically smaller, 
single sites are treated first with non-surgical approaches and larger lesions are treated with surgical excision and 
adjuvant therapy.  
Non-surgical treatments include: 

o Massage and manual scar therapies are sometimes used to promote circulation, lymphatic drainage, and 
collagen realignment during scar formation.7-10 

o Topical therapies including pressure dressings11-14, silicone gel or sheets15-19, and corticosteroid tape20 are 
sometimes used alone or in combination with other therapies21, but with limited success and often limited by 
patient compliance22,23. Topical corticosteroid monotherapy is not recommended routinely due to lack of 
efficacy.24  
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o Intralesional corticosteroids (triamcinolone) usually require multiple injections at 4- to 6-week intervals, with 
doses ranging from 10 to 40 mg/cc. Triamcinolone injections alone have response rates ranging from 50% to 
100% and are associated with recurrence rates of 9% to 50% depending on lesion and treatment 
characteristics.25,26 They act through inhibition of leukocyte and monocyte migration and phagocytosis, 
vasoconstriction, inhibition of fibroblast proliferation, decreasing collagen synthesis and increasing collagen 
degradation.27 Intralesional steroids are often used in combination with other modalities.26,28   

o Other intralesional therapies, including intralesional Botox29, verapamil30, bleomycin31, mitomycin32, and 5-
fluorouracil33,34 are considered second-line treatments. They have also been reported to be successful alone 
or in combination with other modalities.35-37 

o Laser therapy, delivered in successive sessions, can result in regression of keloids and is considered most 
effective for flatter lesions as efficacy relates to depth of laser penetration.  Laser therapy is not 
recommended for larger scars, which are associated with high rates of recurrence.38 Laser therapy can be 
combined with other treatments.39 
 
Two types of laser technologies can be used: 

1. Vascular lasers (585 nanometer (nm) pulsed dye laser (PDL)) destroy vasculature within scar tissue, 
resulting in ischemia and down-regulation of TGF-beta.40,41 
 
2. Resurfacing lasers (1065 nm neodymium-doped yttrium aluminum garnet (ndYAG) or carbon dioxide 
(C02) lasers) are used to improve texture and size of the scar tissue by stimulating skin remodeling.37,42 

 
o Cryotherapy using liquid nitrogen can be delivered as a spray or intralesional-needle cryoprobe and similarly 

requires multiple treatments utilizing freeze-thaw cycles of 10- to 20 seconds. It is considered highly effective 
for destroying scar tissue, often reducing size by 50%.43,44  It is optimally used for small-to-medium keloids 
and frequently combined with intralesional corticosteroid injections.43,44 This treatment often results in 
pigment changes and is considered less desirable in patients with darker skin.  

 
Surgery, either debulking or complete resection, is used as initial treatment for hypertrophic scars/keloids. . 
However, surgical excision alone is associated with high recurrence rates between 45% and 100%45 and is often 
followed by adjuvant therapy such as radiation therapy (RT), intralesional corticosteroids, or topical therapies. 
Surgical technique requires careful consideration to decrease the risk of hypertrophic scar/keloid formation, including 
methods to minimize wound tension.4,23,46 Post-surgical compression therapy utilizing pressures of 15 to 45 mmHg for 
more than 23 hours per day for at least 6 months following surgery has also demonstrated efficacy in reducing keloid 
development.47  

 
Adjuvant RT has been associated with reduced recurrence rates when delivered within 1-3 days following 
surgery.48,49 RT techniques include external-beam RT (including electron and low-energy photon beam) and high-dose 
rate (HDR) or low-dose rate (LDR) brachytherapy (BT), typically delivered with a surface applicator.49,50  
 

Mechanism of Action/ Biologic Rationale for Radiotherapy 
Adjuvant RT is known to display both anti-proliferative and anti-inflammatory effects. The direct anti-
proliferative effects of RT act through DNA damage and result in inhibition of new cell formation, delayed 
mitosis, and induction of apoptosis.51 Adjuvant RT for prevention of recurrent hypertrophic scars/keloids 
specifically slows proliferation of fibroblasts and myofibroblasts, which are responsible for collagen 
deposition.52 RT delivered within 24 hours of surgery optimizes these effects and corresponds to the 
proliferation phase after injury, with decreasing benefit observed up to 72 hours.53,54 Indirect anti-
inflammatory effects of RT include lymphocyte apoptosis, leukocyte adhesion, and effects on cell 
membranes and endothelial cells. Adjuvant RT inhibits angiogenesis by damaging microvasculature that is 
important during the early phases of wound healing. These developing endothelial vascular beds are 
extremely radiosensitive and may also play a role in inhibition of scar formation.55  
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This systematic review and guideline summarizes the current evidence for the appropriate use of adjuvant RT for the 
prevention of recurrent hypertrophic scars/keloids. The Population, Intervention, Comparator, and Outcome (PICO) 
questions included (1) what is the role of RT in the treatment of hypertrophic scars/keloids?, (2) which patients are 
considered appropriate candidates for adjuvant RT?, (3) what is the optimal RT technique?, and (4) what are the risks 
associated with adjuvant RT? 
 

METHODS 

This ARS AUC multi-specialty-led committee is comprised of all key specialties (radiation oncology, plastic surgery, 
and dermatology). Using the Population, Intervention, Comparator, Outcome, Timing and Study Design (PICOTS) 
framework, the evidence regarding treatment outcomes was assessed using Cochrane and PRISMA 2020 
methodology.56,57  Eligible studies included prospective studies, phase II-III trials, and retrospective analyses including 
> 15 patients published between 1/1/1980 – 5/5/2026 in the Ovid Medline database. Appendix A contains the 
database search strategy designed by a librarian specializing in systematic reviews. The lead authors independently 
screened the comprehensive list of articles, and one assessed the full text articles to determine the final studies 
included as evidence in the Summary of the Literature Review which advised our recommendations (Appendix B). 
Discrepancies between the reviewers were resolved by consensus. Of the 165 articles identified using the search 
strategy, 87 were selected for inclusion (Appendix C). An additional 50 studies referenced outside the “Summary of 
Literature Review” are included to provide context, but unless they are also cited within the “Summary of Literature 
Review” they were not used by the committee to guide recommendations. In total, 137 references were selected for 
inclusion. Study type and quality for these references were assessed via American Radium SocietyTM (ARS) 
Appropriate Use Criteria (AUC) methodology (Appendix C). The systematic review PRISMA 2020 checklist confirms the 
completion of essential elements (Appendix D). Well-established RAND-UCLA consensus methodology (modified 
Delphi) was used by the expert panel to rate the appropriateness of the treatment options58, with a total of 1 rounds 
of voting employed by the group. Categories included (1) usually not appropriate (U, score 1-3); (2) may be 
appropriate (M, score 4-6); and (3) usually appropriate (A, score 7-9). The project was reviewed and approved by the 
ARS AUC steering committee, which includes a librarian with expertise in systematic reviews. For further details on 
ARS AUC methodology guidelines. See https://www.americanradiumsociety.org/page/aucmethodology. 
 

RESULTS/SUMMARY OF LITERATURE REVIEW 

Topic 1/ What is the role of RT in the treatment of hypertrophic scars/keloids? 

Subtopic 1/ Efficacy of Adjuvant RT in the Prevention of Recurrent Hypertrophic Scars/Keloids 

The addition of adjuvant RT following surgical excision of recurrent hypertrophic scars/keloids is associated with a 

reduced recurrence rate of approximately 20% versus 45% or greater with surgery alone.59 Adjuvant RT can be 

delivered via several modalities. The most commonly used techniques include electron beam RT, low-energy 

photon beam RT, and surface “mold” HDR BT. Direct comparisons of efficacy for these different modalities are 

limited. Other RT-related factors influencing efficacy include RT fractionation schedules, total RT dose, and timing 

of RT following surgery.  In addition, the RT dose distribution can vary with type of RT source and energy, which 

must be taken into account to ensure optimal dose delivery.  

 

External Beam Radiotherapy 

o Electron Beam RT: Reported recurrence rates associated with adjuvant electron beam RT following 

surgery varies widely from 0% to 57%.46,48,53,60-77 Treatment site is the most prognostic of recurrence.78 

Earlobe scars are associated with the lowest recurrence rates compared to other locations on the ear, 

chest, shoulder, abdomen and extremities.64,79 Large tumor size is also predictive of recurrence.80 Other 

prognostic factors for recurrence include male gender, young age, infection, incomplete excision, and 

local tension.79,80 
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o Photon Beam RT: 

Low Energy Photons (usually superficial kilovoltage (50 to 150 kV)): Historically, most keloids were treated 

with superficial quality (approximately 120 kV) photon beams. An advantage of using low-energy photons to 

treat resected hypertrophic scars/keloids is the ability to provide a therapeutic dose to the surface without 

requiring bolus while sufficiently penetrating to the bottom of the resection bed.  Thicker lesions can be 

treated by orthovoltage (150 to 500 kV). Recurrence rates using low-energy photons range from 0% to 

59%.77,81-87 However, such treatment has become less common because of the availability of electron beam 

producing linear accelerators and the consequent economic disincentive to have a low-energy photon (only) 

treatment machine in many Radiation Oncology Departments. 

 

High Energy Photons: Less data have been reported on the efficacy of adjuvant RT using high energy photons 

in the megavoltage (MV) range for prevention of recurrent hypertrophic scars/keloids. However, for very 

large resection beds, particularly on curved surfaces that can most effectively be encompassed in tangential 

fields, with tissue compensation/bolus, MV photons can occasionally provide elegant therapy. Recurrence 

rates using high-energy photons ranges from 9% to 12%.88,89 

 

Brachytherapy (BT) 

The majority of efficacy data for adjuvant BT for prevention of recurrent hypertrophic scars/keloids is reported 

for HDR BT rather than LDR BT. Various treatment planning parameters have been reported. The best outcomes 

are associated with computed tomography (CT) planning, which offer more precise estimation of the target 

volume and adequate dose coverage.90,91 A variety of dose fractionation schedules have been reported for HDR 

BT, making comparisons difficult. Reported recurrence rates using HDR BT range from 0% to 43% depending on 

the dose fractionation regimen. Lower recurrence rates have been associated with higher total doses and larger 

doses per fraction.61,90,92-104 Reported recurrence rates for adjuvant LDR BT range from 21% to 30% using doses 

from 16 to 18 Gray (Gy) over 3 to 4 days.96,105 
 

 

Subtopic 2/ Combined Modality Approaches 

Adjuvant RT is sometimes used in combination with other therapies for the prevention of recurrent hypertrophic 

scars/keloids. An observational study compared outcomes for patients treated with adjuvant electron beam RT 

combined with intralesional corticosteroids and 5-fluorouracil to surgery with adjuvant RT or surgery alone. This 

study reported an 8% recurrence rate for surgery plus adjuvant RT compared to 13% for adjuvant RT plus 

injections and 45% for surgery alone.106  Another study investigated the addition of botulinum toxin to adjuvant 

RT following excision of large chest keloids and reported a lower recurrence rate with combination therapy. At 6 

months follow-up, the total effective rate and satisfaction of combined therapy group were higher compared to 

those that received adjuvant RT alone, and the Vancouver scar scale (VSS) score for the combined therapy group 

was lower than the adjuvant RT alone group (P < 0.05).107  

 

Subtopic 3/ Primary RT for Extensive or Unresectable Hypertrophic Scars/Keloids with Limited Treatment Options 

While there is an abundance of data describing outcomes for RT used in the adjuvant setting for prevention of 

recurrent hypertrophic scars/keloids, efficacy and safety data associated with primary RT for unresectable keloids 

is sparse. The largest study was published by Malakar et al.108 in which 86 keloids in 64 patients received kV 

photons or electrons to treat bulky unresectable keloids. A hypofractionated approach using 5 fractions delivered 

once weekly to a total dose of 37.5 Gy was used. Ninety-seven percent experienced significant regression, and 3% 

had partial regression 18 months after completing RT.108 Smaller series have confirmed these results.109 

Alternative fractionation using 24 Gy delivered in 3 fractions has also been used with 79% of patients showing 

complete and 14% with partial flattening.110 A recent retrospective series reported by Tsai et al. reviewed 
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outcomes for 64 keloids in 35 patients who were treated with 5 Gy x 6 fractions for a total of 30 Gy using 

electrons or photon-based intensity modulated RT (IMRT). Scar regression, symptomatic relief and cosmetic 

improvement were experienced in most patients with no cases of recurrence or serious adverse events.111 Guix et 

al. reported outcomes for a cohort of 22 patients who were treated with interstitial HDR BT using 18 Gy delivered 

over 6 fractions over 1 ½ days as primary therapy for unresected keloids. Persistent disease was reported in 

13.6% at 7 years follow up.112 

 

Investigators have also used intralesional corticosteroid and 5-flurouracil injections to reduce thickness and 

firmness of smaller keloids prior to BT (15 to 20 Gy) as primary therapy and compared response to intralesional 

injections alone. The addition of BT reduced the 1-year recurrence rate from 85.7% to 44.4%.113  Others have 

combined RT with fractional CO2 laser therapy as primary treatment of keloids. The authors reported a 

substantial decrease in total Patient and Observer Scar Scale score with 12% recurrences (11% partial and 1% 

complete) at 18 months following therapy.114 Nonsurgical management with electron beam or BT combined with 

intralesional triamcinolone and 5-fluorouracil has been reported to improve symptoms such as pain and 

pruritis.115 

 

Ongoing trials continue to evaluate RT as primary treatment for unresected keloids. NCT04722263 (Radiotherapy 

for Keloids) is a pilot study evaluating the safety and efficacy of RT in the treatment of unresected keloids using 

15 Gy in 3 fractions delivered daily over 3 consecutive days delivered via either electrons, photons, or BT. A trial 

amendment in March 2023 increased the treatment dose to 25 Gy in 5 fractions prescribed to the 90% isodose 

line. 

 

Subtopic 4/ Re-irradiation for Recurrent Disease 

Recurrence of hypertrophic scars/keloids following surgical excision and adjuvant RT can occur, especially in 

patients who have large scars or those that received RT with suboptimal target coverage or dose fractionation. 

Our search did not return results specific for re-irradiation for recurrent hypertrophic scars/keloids in patients 

who have received prior adjuvant RT for prevention of recurrence. It is thought that adjuvant re-irradiation 

should be considered as a component of salvage treatment following surgery for refractory cases, although 

higher recurrence rates may be anticipated in a patient with recurrent disease following initial RT. 

 

Table 1 summarizes key studies supporting the use of adjuvant RT for prevention of recurrent hypertrophic 

scars/keloids. 

 

 

Topic 2/ Which patients are considered appropriate candidates for RT? 

o The use of adjuvant RT therapy must balance the benefit of recurrence prevention with the potential risk of 

harm. 

o In general, by keeping the irradiated volume confined (as much as possible) to the surgical bed, the small but 

not zero, risk of RT induced harm is justified.   

o Adjuvant RT therefore is typically considered appropriate to reduce the risk of recurrence following optimal 

resection of a hypertrophic scar/keloid in patients at high-risk for recurrence.  

Examples of high-risk for recurrence are: 

▪ A history of multiple recurrences at other sites in the same patient. 

▪ A family history of recurrences. 

▪ Close proximity of the surgical bed to an anatomic structure that would be endangered if a keloid 

recurred and had to be resected again. 
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o Adjuvant RT as prophylaxis for keloids in patients at higher-risk of toxicity is not routinely recommended, but 

can be considered on a case-by-case basis though case-by-case basis though data are limited.116 

o RT alone *without surgery) is generally not used as primary treatment of hypertrophic scars/keloids but may 

be considered in patients with extensive or unresectable keloids who have failed prior standard therapies, 

such as intralesional injections, cryotherapy, or laser treatment, although supporting data is limited. (Topic 1; 

Subtopic 3) 

 

Caution should be used when considering RT for prevention of hypertrophic scars/keloids in patient who may be at 

higher risk for complications from RT. Those at risk include children and adolescents, who are actively developing, 

and have a longer remaining lifetime for long-term effects to manifest. Other at-risk populations include individuals 

with certain autoimmune diseases, especially certain connective tissue disorders such as Scleroderma, Systemic 

Lupus Erythematosis (SLE), Rheumatoid Arthritis (RA) and Sjögren's Syndrome, which are associated with enhanced 

sensitivity to RT. These individuals are more likely to experience severe acute and late-stage tissue toxicity, such as 

extreme skin inflammation, tissue scarring (fibrosis), and disease flares in the irradiated area. 

 

Topic 3/ What is the optimal RT technique? 

Subtopic 1/ RT Modality 

The choice of RT modality used should be individualized and take into consideration specific characteristics of the 

hypertrophic scar/keloid including size and location. Electron beam or high-dose-rate (HDR) BT are preferred for 

optimization of surface dose and sparing of deeper structures. One comparison between modalities revealed that 

postoperative BT resulted in the lowest recurrence rates (15%) compared with photons and electrons (23% and 

23%, respectively; P =0.04, P = 0.1), although comparisons may have been limited due to variable fractionation 

schedules included in this analysis.49  

o Photon beam RT. For superficial treatments, superficial voltage is the preferred modality. Lower x-ray 

energies (e.g., 120 kV) can spare deeper structures as compared to higher energies, as they are 

associated with faster dose fall-off. By placing custom-cut shields of the appropriate thickness directly on 

the patient’s skin, the field size can more tightly conform to the keloid bed (than if treated by electrons). 

They also can be absorbed by appropriate thickness malleable custom-cut lead sheets placed under the 

target when possible, for example in the treatment of a keloid bed on an earlobe. High energy MV 

treatment is rarely required except in rare cases of deep scarring and large lesions spanning curved 

surfaces requiring more advanced dosimetric techniques such tangential fields, tissue compensators and 

bolus to compensate for curved surfaces. Although high energy photons (MV) are better for clinical 

scenarios requiring deeper penetration, they deliver higher doses to underlying healthy tissues and are 

associated with the potential for damage to underlying cartilage/bone. There is less literature on the 

efficacy of photons for hypertrophic scar/keloid management compared to other RT modalities.  

o Electron beam RT. Electrons delivered using a linear accelerator and is associated with the advantage of 

being able to treat a large surface area with high surface dose and rapid dose fall-off to spare underlying 

tissue. Different energy beams can be used (typically 4–20 MeV) and selected for desired treatment 

depth, with higher energy electrons depositing energy deeper. When using electron beam therapy, a 

wider margin is required to adequate dosimetric coverage (compared to kV photon treatment).  Bolus is 

often used to enhance the dose near the surface to improve dosimetric coverage. The disadvantage of 

using electrons is that dosimetry is associated with greater uncertainty, especially when treating curved 

surfaces. Electrons are not suitable for treating deep or thick areas. Because electron beam radiotherapy 

is more accessible to most RT practices compared to kV photon therapy, it is often used. However, for 

superficial treatment, kV photons is considered more appropriate (superficial voltage preferred over 

orthovoltage). 
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o BT uses gamma rays and beta particles delivered by using radioactive sources delivered through 

catheters placed to conform to the desired treatment area. BT can conform to uneven surfaces and may 

spare more surrounding tissue. It is associated with rapid dose fall-off. BT is typically delivered using 

surface applicators or molds. High dose rates are required to deliver treatment in short time frames. 

Access to a remote afterloader HDR BT delivery system and dosimetric planning system are required. 

 

Subtopic 2/ Dose-Fractionation 

In general, fractionated RT is preferred over single-fraction regimens due to improved local control and reduced 

risk of late toxicity. For external beam RT, total dose-fractionation schedules ranging from 12 to 20 Gy have been 

reported.  Historically 3 to 4 Gy per fraction was considered standard. However, more recent data suggest that 

using a higher biologically effective dose (BED) results in lower recurrence rates.117  Kal et al. reported that a BED 

> 30 Gy (α/β ratio = 10) delivered over a short interval time results in better long-term control rates (>90%). 

Common fractionation regimens to achieve BED > 30 Gy include 13 Gy x 2, 8 Gy x 2, or 6 Gy x 3.118  

 

For HDR BT, regimens with a BED of 20 to 30 Gy have been most commonly reported.  Fractionated HDR BT 

regimens are preferred, as most of the published data has utilized fractionation, with the most common schemes 

consisting of 6 Gy x 2 to 3 fractions (BED 19.2-28.8 Gy)93,95,98,99,102, 5 Gy x 3 to 4 fractions (BED 22.5-30 Gy)94,97,104, 

or 3 Gy x4 fractions (BED 15.6 Gy)90,101,112. A retrospective cohort study found that the HDR BT fractionation 

regimen of 2 × 6 Gy (prescribed to 0.5 cm depth is equally effective as regimens using higher doses (2 × 9 Gy or 3 

× 6 Gy), with a lower risk of complications.93 A study by Hafkamp reported that adjuvant HDR BT using a single 

fraction of 13 Gy (BED 29.9 Gy) was associated with a 24% recurrence rate92 which is inferior compared to 

reported recurrence rates for 2 to 4 fraction regimens, although the study was limited by lack of patient 

participation (only 24 of 61 invited patients responded) and comparisons between studies are challenged by 

differences in follow up and recurrence definitions. Van Leeuwen et al. reported that HDR BT resulted in lower 

recurrence rates compared with LDR BT and external beam RT.119 

 

Subtopic 3/ Timing and Sequencing 

Adjuvant RT is typically delivered over 3 to 4 fractions and completed within 1 week of surgery. RT may be 

delivered daily or every other day.120 The first dose of adjuvant RT should be performed as soon as possible after 

surgical excision, ideally within 24 hours. Data from 507 treated keloids from 8 observational studies suggest that 

immediate adjuvant RT delivered within 2 hours of surgical excision results in lower recurrence rates compared 

to 6 hours postoperatively (7% vs 16%, P < 0.01).121  

 

Subtopic 4/ Simulation 

The patient should be placed in a reproducible position. Depending on the location of the lesion and proximity to 

surrounding structures, clinical set-up is typically used for superficial targets. CT simulation can be considered for 

larger or deeper lesions and those that span over a curved surface.  CT simulation offers a 3-dimensional 

evaluation and more precise estimation of the target volume122 to ensure adequate dosimetric coverage in such 

cases. A 7.4% recurrence rate has been reported in patients treated with adjuvant RT using 3-dimensional 

treatment planning.66   

 

Subtopic 5/ RT Field Design 

The RT field for low-energy superficial treatments should cover the entire scar with 0.5 to 1 cm radial margin. 

Superficial treatments penetrates 3 to 5 mm, which targets the area at risk for hypertrophic scar/keloid 

formation while protecting underlying tissues. When using electron beam therapy, a wider margin (typically 1 to 

2 cm radial margin) is required to adequate dosimetric coverage (compared to kV photon treatment), and 

treatment depth is dependent on chosen energy. The use of bolus for superficial targets treated with electrons 
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should be considered. The use of wedges for targets spanning curved surfaces using higher energy photons 

should be considered. 

 

Topic 4/ What are the risks associated with RT? 

Subtopic 1/ Secondary Malignancy Risks 

Although there are theoretic concerns for RT-induced malignancy, there are no documented cases of a secondary 

cancer definitively attributed to hypertrophic scar/keloid RT. Secondary malignancy risks associated with RT for 

benign diseases are reported to be extremely rare. The risk is difficult to estimate due to low incidence which is 

close to the background malignancy rate, and lack of long-term follow up. The calculated incidence for risk of 

developing a secondary malignancy following adjuvant RT for hypertrophic scars/keloids is 0.1% to 0.335%.123 

Since the RT is delivered superficially, the surrounding healthy skin is deemed the organ most at risk. It is difficult 

to determine whether RT for hypertrophic scar/keloids increases the risk of skin cancers, which are associated 

with a spontaneous lifetime risk of 1 in 5 (20%) in the general population.124 There is little evidence to suggest 

that a BED of 30 Gy, typically used for hypertrophic scars/keloids causes skin cancer.125 Others have also 

concluded that the risk of developing secondary malignancy following RT for hypertrophic scars/keloids is very 

low, especially when surrounding tissues, including the thyroid and breast tissue, are shielded.49,126  

 

Subtopic 2/ Non-Malignant Risks 

o Acute Effects 

Pigmentation change in the RT field is the most common side effect and may be predicted by location and 

size of the lesion.127 Pigmentation changes occur in up to 61% (56% hyperpigmentation; 7% both 

hypopigmentation and hyperpigmentation). Pigmentation changes may persist for many months following 

treatment and in most cases, gradually fade to normal skin tone. Acute RT dermatitis in the RT treatment 

field including erythema, pruritis, and dry skin occurs in approximately 18% of patients and may persist for 

several weeks following RT. These symptoms typically resolve spontaneously but should be treated with 

topical hydrating ointments and protection from the sun.128  

 

o Late Effects 

Chronic hyperpigmentation, dry skin, and telangiectasia are relatively rare following adjuvant RT and more 

common with single doses of >5.0 Gy. Fractionation reduces the risk of hyperpigmentation and long-term 

sequelae. Standard fractionation using single doses < 4.0 Gy and total doses of less than 15 Gy are not 

associated with these late effects.49,128 

 

Variant Cases  

Variant cases (Tables 2 - 8) were developed as examples for these guidelines to illustrate practical applications of 

consensus recommendations.  

 

CONCLUSIONS/SUMMARY OF RECOMMENDATIONS  

1. The panel recommends that adjuvant RT using kV photons (superficial voltage preferred) or electron beam is 

usually appropriate for the typical case following resection of an earlobe keloid. In general, the use of adjuvant RT 

must balance the benefit of recurrence prevention with the potential risk of harm. *Caution should be used when 

considering RT for prevention of hypertrophic scars/keloids in patients who may be at higher risk for 

complications from RT. Those at risk include children and adolescents, who are actively developing, and have a 

longer remaining lifetime for long-term effects to manifest. Other at-risk populations include individuals with 

certain autoimmune diseases, especially certain connective tissue disorders such as Scleroderma, Systemic Lupus 

Erythematosis (SLE), rheumatoid arthritis (RA) and Sjögren's Syndrome, which are associated with enhanced 

sensitivity to RT. These individuals are more likely to experience more severe acute and late-stage tissue toxicity, 
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such as extreme skin inflammation, tissue scarring (fibrosis), and disease flares in the irradiated area. [Table 2; 

Variant 1]. 

2. The panel recommends that adjuvant RT using electron beam or kV photons (superficial voltage preferred) is 

usually appropriate for the typical case following resection of a chest keloid following sternotomy or abdominal 

keloid following caesarian section.*Caution should be used when considering RT for prevention of hypertrophic 

scars/keloids in patient who may be at higher risk for complications from RT (see Recommendation 1.). [Table 3; 

Variant 2 and Table 4; Variant 3].  

3. The panel recommends that adjuvant RT using electron beam, kV photons or brachytherapy using superficial 

applicators is usually appropriate for the typical case following resection of multiple hypertrophic scars/keloids in 

a burn victim and may be included in a multimodality treatment approach. Given the diffuse nature of the keloids 

involving multiple regions of the body, a staged surgical treatment approach and multiple treatment modalities 

(which may or may not include RT) may be necessary, and a multidisciplinary approach should be used to 

optimize treatment management [Table 5; Variant 4]. 

4. The panel recommends that although surgery alone is usually appropriate for the typical case of prevention of 

keloid formation after trauma in a patient deemed at high risk for keloid development adjuvant prophylactic RT 

may be appropriate in clinical situations in which the morbidity of keloid formation requiring subsequent 

resection significantly outweighs the potential risks of ionizing RT exposure. [Table 6; Variant 5].  

5. The panel recommends that RT alone may be appropriate for the typical case of multiple keloids refractory to 

other therapies (such as intralesional injections, cryotherapy, and laser therapy) in a patient unable to undergo 

surgery [Table 7; Variant 6]. 

6. The panel recommends that re-irradiation may be appropriate] for the typical case of recurrent keloid following 

prior excision and adjuvant RT [Table 8; Variant 7]. 

 

 

DISCUSSION 
It should be noted that much of the data supporting the use of adjuvant RT following excision of hypertrophic 
scars/keloids results are based on older cohort series and retrospective studies, some quite large, including a variety 
of lesion sizes, locations, previous treatments, RT techniques, and dose-fractionation schedules. In addition, 
“recurrence” is not consistently defined and follow up intervals vary, limiting comparisons of results from different 
series. We recognize that although our recommendations are based on available data, available literature contains 
insufficient high-level data to strongly inform our decisions. Future investigations and improvements in technique will 
likely lead to further improvements in outcomes, more consistent results and strengthened recommendations. 
 
 
SUMMARY OF EVIDENCE 
This section summarizes the references in the evidence table. 
Of the 137 references cited in the American Radium Society® Appropriate Use Criteria for Adjuvant Radiotherapy for 
the Prevention of Recurrent Hypertrophic Scars/Keloids, 87 were identified through the search strategy, An 
additional 50 studies referenced outside the “Summary of Literature Review” are included to provide context, but 
unless they are also cited within the “Summary of Literature Review” they were not used by the committee to guide 
recommendations. Of the 87 references used as evidence, 86 are categorized as therapeutic references including 3 
well-designed studies (Phase II randomized and Phase III), 23 moderately well- designed studies that account for most 
common biases (matched cohort and Phase II studies), 50 studies with design limitations (retrospective reviews), 4 
supplemental studies (not useful as primary evidence), and 7 references that are meta-analysis studies. 
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Supporting Documents 

For additional information on the ARS Appropriate Use Criteria methodology and other supporting documents go to 

http://www.americanradiumsociety.org/page/aucmethodology. 

The American Radium Society™ Appropriate Use Criteria and its expert panels have developed criteria for determining 

appropriate procedures for diagnosis and treatment of specified medical condition(s). These criteria are intended to guide treating 

and referring physicians in making decisions regarding diagnosis and treatment of cancers and related or associated conditions. 

Generally, the complexity and severity of a patient’s clinical condition should dictate the selection of appropriate diagnostic 

procedures or treatments. Only those examinations or treatments generally used for evaluation of the patient’s condition are 

ranked. Other procedures necessary to evaluate or treat other co-existent diseases or other medical consequences of this condition 

are not considered in this document. The availability of equipment or personnel may influence the selection of appropriate 

procedures or treatments. Procedures, techniques, or other interventions classified as investigational by the FDA have not been 

considered in developing these criteria; however, study of new equipment, applications, and treatment protocols should be 

encouraged. The ultimate decision regarding the appropriate use of any specific examination or treatment must be made by the 

referring physician and oncologist in light of all the circumstances presented in an individual examination.   
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Table 1. Select Studies Evaluating Adjuvant RT for Prevention of Recurrent Hypertrophic Scars/Keloids 
 

Author  Year Study Type  
(Study Quality) 

Number 
Keloids 

Radiation 
Technique 

Dose/ Fractionation Recurrence Rate 

Seth48 2026 Meta-analysis (M) 
 

10,745 
106 Studies 

Electrons 
Photons 
Brachytherapy  

NR Electrons             16% 
Photons                18% 
Brachytherapy   14% 

Han65 2024 Retrospective (3) 71 Electrons 10 Gy x 1 0% 
(earlobes only) 

Hwang66 2022 Prospective 
nonrandomized (2) 

136 Electrons 5 – 6 Gy x 3 fractions 
Total dose 15 – 18 Gy  

Ear                           5.4% 
Other sites           11.4% 

Wen67 2021 Retrospective (3) 100 Electrons 4 Gy x 5 
Total dose 20 Gy 

15% 

Rishi68 2021 Retrospective (3) 40 Electrons 4 Gy x 5  
Total dose 20 Gy (95%) or 
8 Gy x 1 (5%) 

10% 
 

NR 
Wang69 2020 Prospective 

nonrandomized (2) 
58 Electrons 3 - 4 Gy x 4 

Total dose 12 – 16 Gy 
8.6% 

Arima46 2019 Prospective 
nonrandomized (2) 

141 Electrons 6 Gy x 3 
Total dose 18 Gy 

10.6%  
(chest wall keloids only) 

Ogawa64 2019 Retrospective (3) 494 Electrons 
 

8 Gy x 1 or 
6 Gy x 3, Total dose 18 Gy 

9% 

Liu70 2019 Retrospective (3) 30 Electrons 4 Gy x 3 
Total dose 12 Gy 

13% 

Hsueh60 2019 Retrospective (3) 47 Electrons 5 Gy x 3 - 4 fractions 
Total dose 15 – 20 Gy 

32% 

Sruthi71 2018 Retrospective (3) 37 Electrons 5 Gy x 1 or 
4 Gy x 3, Total dose 12 Gy 

16% 

Renz72 2018 Retrospective (3) 
 

250 Electrons 
 

4 Gy x 3 - 5 fractions 
Total dose 12 – 20 Gy 

 5.6% 
*lowest in 20 Gy group 

Khalid73 2018 Prospective 
randomized (1) 

30 Electron cohort 
(vs 5-fluoruracil) 

5 Gy x 2 
Total dose 10 Gy 

57% 

Hoang74 2017 Case-controlled (2) 264 Electron cohort 
(197) 

3 Gy x 10  
(Electron cohort) 
 

19% (Electron cohort)) 

Carvajal75 2016 Retrospective (3) 103 Electrons 5 Gy x 3 
Total dose 15 Gy 

32% 

Duan129 2015 Retrospective (3) 116 Brachytherapy 
Electrons 

192Ir Brachytherapy 
8 Gy x 1 or 9 Gy x 3    (22)  
5 Gy x 4                           (22) 
60Co Brachytherapy  
5 Gy x 4                           (17) 
3 Gy x 6                           (17) 
Electrons 
2 Gy x 13                        (18)  
2 Gy x 15                        (20) 

 
12.6% 
4.5% 

 
11.7% 
17.6% 

 
33.3% 
15% 

12.5% if > 2 Gy per fraction 
14.7% if < 2 Gy per fraction 

Lee53 2015 Retrospective (3)  37 Electrons  3 - 4 Gy x 3 – 4 fractions 
Total dose 12-18 Gy 

19% 

Shen62 2015 Retrospective (3) 
 

834 Electrons 9 Gy x 2 
Total dose 18 Gy 

9.6% 
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Song76 2014 Prospective 
nonrandomized (2) 

16 Electrons 10 Gy x 1 0% 

Kim63 2012 Retrospective (3)  26 Electrons  4 - 5 Gy x 3 
Total dose 12-15 Gy 

23% 

Bischof130 2007 Prospective 
nonrandomized (2) 

60 Electrons 
 

3 – 5 Gy / fraction 
Total dose 12 – 18 Gy 

7% total recurrence + 
8% partial recurrence 

Sakamoto77 2004 Prospective 
nonrandomized (2) 

235 Electrons or 
Photons 
(low energy) 

4 Gy x 5 
Total dose 20 Gy 

11% 

       

Tsai86 2025 Retrospective (3) 16 Photons 
(low energy) 

 5 Gy x 2 - 3 fractions 
Total dose 10 – 15 Gy 

0% 

Li23 2024 Prospective  
Cohort (2) 

123 Photons 
(low energy) 

4 Gy x 3 
Total dose 12 Gy 

13.5% (auricular only) 

Ramelyte85 2024 Retrospective (3) 104 Photons 
(low energy) 

2 Gy x 6 
Total dose 12 Gy  

51.1% 

Lin89 2020 Prospective 
nonrandomized (2) 

11 Photons 
(high energy) 

4.5 Gy x 3 
Total dose 13.5 Gy 

9% 

Yang81 2019 Prospective 
nonrandomized (2) 

15 Photons 
(low energy) 

4 - 5 Gy x 2 
Total dose 8 – 10 Gy 

0% 

Jones87 2019 Prospective 
nonrandomized (2) 

48 Photons 
(low energy) 

6 Gy x 3 
Total dose 18 Gy 

19%  

Pontoriero83 2015 Retrospective (3) 62 Photons 
(low energy) 

4 Gy x 3 
Total dose 12 Gy 

16% 

Mohammadi84 2013 Retrospective (3) 
 

26 Photons  
(low energy) 

3 Gy x 5 
Total dose 15 Gy 

0% 

Speranza82 2008 Retrospective (3) 
 

234 Photons 
(low energy) 

3 Gy x 5 
Total dose 15 Gy 

59% 

Malakar88 2004 Prospective 
nonrandomized (2) 

47 Photons 
(high energy) 

4 Gy x 4 
Total dose 16 Gy 

12% 

Doornbos131 1990 Retrospective (3) 203 Photon  
(low energy) 

Total dose 15 Gy  90%  

Kovalic132 1989 Prospective 
nonrandomized (2) 

113 Photons 
(low energy) 

4 Gy x 3 
Total dose 12 Gy 

54% size > 2 cm 
15% size < 2 cm 

Borok133 1988 Retrospective (3) 393 Photons 
(low energy) 

4 Gy x 1 (11%) or 
3 Gy x 3* 
Total dose 9 Gy (66%) or 
4 Gy x 3* 
Total dose 12 Gy (12%) or 
4 Gy x 4* 
Total dose 16 Gy (1%) 
*Fractionation 
Weekly (63%) 
2-week interval (14%) 
Every other day (23%) 

2.4 % 

       

Grobien134 2025 Retrospective (3) 87 Brachytherapy 
HDR 

4 – 6 Gy x 2 
Total dose 8 – 12 Gy 

39% 

Franzetti101 2024 Prospective  
nonrandomized (2) 

135 
 

Brachytherapy 
HDR 

3 Gy x 4 
Total dose 12 Gy 

20.7% 

Bhattacharya61 2023 Retrospective (3) 50 Brachytherapy 
HDR 

5 Gy x 4 
Total dose 20 Gy 

6% 
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Barragan90 2022 Retrospective (3) 61 Brachytherapy 
HDR 

3 Gy x 4 
Total dose 12 Gy 

4.9% 

Anderson91 2021 Retrospective (3) 20 Brachytherapy 
HDR 

8 Gy x 1 0% 

Manjunath94 2021 Prospective  
nonrandomized (2) 

71 Brachytherapy 
HDR 

5 Gy x 3 
Total dose 15 Gy 

2% 

Daurade95 2020 Retrospective (3) 67 Brachytherapy 
HDR 

6 Gy x 3 
Total dose 18 Gy 

6% 

Bijlard93 2018 Retrospective (3) 86 Brachytherapy 
HDR 

9 Gy x 2 
Total dose 18 Gy or 
6 Gy x 3 
Total dose 18 Gy or 
6 Gy x 2 
Total dose 12 Gy 

9% total recurrence + 
13% partial recurrence 
3% total recurrence + 
20% partial recurrence 
13.5% total recurrence + 
11.5% partial recurrence 

Ahmad103 2018 Prospective  
nonrandomized (2) 

65 Brachytherapy 
HDR 

 8 Gy x 1 or 
10 Gy x 1 or 
5 Gy x 3 
Total dose 15 Gy or 
6 Gy x 3 
Total dose 18 Gy 

43% 
10.5% 

 
15% 

 
10.5% 

Jiang99  2018 Prospective  
nonrandomized (2) 

37 Brachytherapy 
HDR 

6 Gy x 3 
Total dose 18 Gy 

8% 

Taheri100 2017 Retrospective (3)  10 Brachytherapy 
HDR 

4 Gy x 3 
Total dose 12 Gy 

20% 

Hoang74 2017 Case-controlled (2) 264 Brachytherapy 
HDR cohort (23) 

9 Gy x 1 23% 

Jiang102 2016 Prospective  
nonrandomized (2) 

32 Brachytherapy 
HDR 

6 Gy x 3 
Total dose 18 Gy 

6% 

van Leeuwen98 2014 Prospective  
nonrandomized (2) 

67 Brachytherapy 
HDR 

6 Gy x 2 
Total dose 12 Gy 

3% 

De Cicco96 2014 Retrospective (3) 96 Brachytherapy 
LDR 46 
HDR 50 

LDR 16 – 18 Gy  
HDR 3 Gy x 3-4 fractions 
Total dose 9 -12 Gy 

30% LDR 
38% HDR 

Kuribayashi104 2011 Prospective  
nonrandomized (2) 

36 Brachytherapy 
HDR 

5 Gy x 3 - 4 fractions 
Total dose 15 – 20 Gy 

9.7% 

Arnault105 2009 Retrospective (3) 82 Brachytherapy 
LDR 

LDR 17.9 Gy 24% 

Viani135 2009 Retrospective (3) 892 Brachytherapy 
HDR 

2 Gy x 10 
Total dose 20 Gy 

12.4% 

Arneja97 2008 Retrospective (3) 25 Brachytherapy 
HDR 

5 Gy x 3 
Total dose 15 Gy 

8% 

Guix112 2001 Prospective  
nonrandomized (2) 

159 Brachytherapy 
HDR 

3 Gy x 4 
Total dose 12 Gy 

4.7% 

Wagner136 2000 Retrospective (3) 166 Brachytherapy Median dose 14 Gy 
(7.5 – 28.5 Gy) 

2% face/neck 
49% thorax 

Escarmant137 1993 Retrospective (3) 855 Brachytherapy 
HDR 

NR 21% 

Abbreviations:     Study Quality Category Definitions: 
Gy: Gray     Category 1 The study is well-designed and accounts for common biases.  
NR: Not reported    Category 2 The study is moderately well-designed and accounts for most common biases. 
LDR: Low-dose rate          Category 3 There are important study design limitations. 
HDR: High-dose rate    Category M Meta-analysis 
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Table 2. Variant 1: Earlobe Keloid Following Piercing 

A 23 year-old male presents 2 months after ear piercing with a 1.4 cm raised keloid involving both the 

anterior and posterior aspects of the helical rim of the ear. The lesion is asymptomatic, without 

associated pain or pruritus, but is of cosmetic concern. The patient has not received any prior therapy. 

Variant Discussion: 
A conservative approach with initial non-surgical management including intralesional steroids should be 
discussed in this case. Specifically, for an adolescent patient there may be an increased risk of RT-
induced malignancy, although supporting data is lacking. This panel recommends extreme caution when 
considering RT for recurrent keloid prevention in an adolescent or young adult in the absence of 
compelling reasons. Surgical resection alone is associated with high rates of recurrence. Surgical 
resection with adjuvant kV photon RT or electron beam RT would be appropriate treatment approaches. 
Superficial voltage is preferred for superficial resected target volumes. Brachytherapy delivered with 
superficial surface applicators can also be considered. Higher energy MV photon therapy should be 
avoided given increased exposure of deeper tissues.  
 
Adjuvant RT is typically delivered over 2 to 5 fractions and completed within 1 week of surgery. RT may 
be delivered daily or every other day. The first dose of adjuvant RT should be performed as soon as 
possible after surgical excision, ideally within 24 hours. For external beam RT, various dose 
fractionations are appropriate with goal to achieve BED > 30 Gy (α/β ratio = 10) delivered with examples 
including 16 Gy in 2 fractions or 18 Gy in 3 fractions, for example. The RT field should cover the entire 
scar plus a 1 cm radial margin, typically with 0.5-1 cm depth, depending on surgical excision. For HDR BT, 
(BED) > 20 Gy is recommended prescribed to 0.5 cm in fractionated treatments with example including 
12 Gy in 2 fractions. For external beam treatments, clinical set up is typically used for superficial 
treatments. CT simulation with 3-dimensional treatment planning can be considered for larger or  
deeper lesions or those located on curved surfaces to ensure adequate dosimetric coverage. CT 
simulation is recommended when treating with brachytherapy. 

• When utilizing electron beam RT, typically energies of 4–20 MeV can be used depending on 
desired treatment depth. Skin collimation or shielding can be utilized to limit exposure outside 
targeted tissue. When using electron beam therapy, a wider margin is required to adequate 
dosimetric coverage of depth (compared to kV photon treatment). Bolus should be utilized with 
thickness dependent on depth of target and energy utilized.  

• When utilizing kV photon RT, typically energies of 50 – 500 kVp can be used depending on 
desired treatment depth; skin collimation can be utilized to limit exposure outside targeted 
tissue. Superficial voltage preferred for superficial targets. Bolus is not recommended. 

Treatment 

Rating 

Category 

Final Tabulations Group 

Median 

Rating Disagree SOE SOR 1 2 3 4 5 6 7 8 9 

Surgery alone M 0 1 1 9 0 0 0 0 0 4  S ↑ 

RT alone U 5 5 1 0 0 0 0 0 0 2  S ↑ 

Surgery + adjuvant electron beam RT A 0 0 0 0 0 0 9 2 0 7  S ↑ 

Surgery + adjuvant kV photon RT A 0 0 0 0 0 1 9 1 0 7  S ↑ 

Surgery + adjuvant MV photon RT  0 1 0 9 1 0 0 0 0 4 X S ↓ 

Surgery + BT (superficial applicator)  0 0 0 0 1 3 6 1 0 7 X S ↓ 
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Table 3. Variant 2: Chest Keloid Following Sternotomy 

A 56 year-old female presents with a 12 x 6 x 2 cm raised keloid of the anterior chest wall, developing 3 

months after median sternotomy for cardiac surgery. The lesion has been refractory to 6 months of 

intralesional corticosteroid injections and laser therapy. It is associated with progressive enlargement, 

skin tightness, and pain. 

Variant Discussion: 
Following attempted conservative management with intralesional steroids and laser therapy, surgical 
resection with adjuvant RT would be appropriate. Superficial voltage is preferred for superficial target 
volumes following resection. Surgical resection alone is associated with high rates of recurrence. RT 
alone would not be appropriate.  
 
Special considerations for RT technique: 

• Size of clinical target area, whether target can be encompassed within a single field 

• Choice of energy should consider depth of clinical target and underlying organs at risk. Higher 
energy en face MV photon therapy should be avoided given increased exposure of deeper 
tissues 

• Location, including body contour at clinical target area, and if high-quality dosimetry is feasible 
with chosen technique 

• CT simulation is recommended in this case to assess depth of target, body contour and dose to 
underlying organs (heart/lung) 

• Dose fractionation should be chosen to minimize potential toxicity to underlying organs 
 

 

Treatment 

Rating 

Category 

Final Tabulations Group 

Median 

Rating Disagree SOE SOR 1 2 3 4 5 6 7 8 9 

Surgery alone U 0 2 8 1 0 0 0 0    S ↑ 

RT alone U 1 6 3 1 0 0 0 0    S ↑ 

Surgery + adjuvant electron beam RT A 0 0 0 0 0 0 10 1    S ↑ 

Surgery + adjuvant kV photon RT A 0 0 0 0 0 1 9 1    S ↑ 

Surgery + adjuvant MV photon RT M 0 0 0 0 3 6 2 0    S ↑ 

Surgery + BT (superficial applicator) A 0 0 0 0 0 1 7 3    S ↑ 
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Table 4. Variant 3: Abdominal Keloid Following Caesarian Section 

A 22 year-old female presents with a 10 x 4 x 1 cm raised keloid of the lower abdomen, arising 2 months 

after caesarian section. The lesion has been refractory to 3 months of intralesional corticosteroids and 

laser therapy. It is symptomatic, with associated pruritus and tenderness.  

Variant Discussion: 
In a patient with symptomatic keloid refractory to conservative management, surgical resection and 
adjuvant therapy is appropriate. Superficial voltage is preferred for superficial target volumes following 
resection. Surgical resection alone is associated with high rates of recurrence. 
 
In younger patients there may be an increased risk of RT-induced malignancy, although supporting data 
is lacking. 
 
Pregnancy test and contraception counseling should be performed in a premenopausal female.  
 
Special considerations for RT technique:  

• Size of clinical target area, whether target can be encompassed within a single field 

• Choice of energy should consider depth of clinical target and underlying organs at risk. In this 
case dose to ovaries should be considered. Higher energy en face MV photon therapy should be 
avoided given increased exposure of deeper tissues. 

• Location, including body contour at clinical target area, and if high-quality dosimetry is feasible 
with chosen technique 

• CT simulation is recommended in this case to assess depth of target, body contour and dose to 
underlying organs  

• Dose fractionation should be chosen to minimize potential toxicity to underlying organs 
 

 

Treatment 

Rating 

Category 

Final Tabulations Group 

Median 

Rating Disagree SOE SOR 1 2 3 4 5 6 7 8 9 

Surgery alone U 2 2 7 0 0 0 0 0 0 3  S ↑ 

RT alone U 3 7 1 0 0 0 0 0 0 2  S ↑ 

Surgery + adjuvant electron beam RT A 0 0 0 1 0 1 9 0 0 7  S ↑ 

Surgery + adjuvant kV photon RT A 0 0 0 1 0 1 9 0 0 7  S ↑ 

Surgery + adjuvant MV photon RT M 0 0 1 5 4 1 0 0 0 4  S ↑ 

Surgery + BT (superficial applicator) A 0 0 0 1 0 1 9 0 0 7  S ↑ 
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Table 5. Variant 4: Multiple Hypertrophic Scars in a Burn Victim 

A 28 year-old male presents with multiple disfiguring hypertrophic scars of varying size involving the 

face, chest, and back, which developed approximately 1 year following a severe burn injury affecting 

80% of the total body surface area. The lesions have been refractory to prior treatment with topical 

therapies, intralesional corticosteroid injections, and laser therapy. The patient reports significant 

psychosocial distress, including symptoms of depression and social withdrawal related to the cosmetic 

disfigurement. 

Variant Discussion: 
A multidisciplinary approach should be taken to optimize treatment management.  
 
Given the diffuse nature of the keloids involving multiple regions of the body, a staged surgical 
treatment approach is likely necessary. Surgical resection followed by adjuvant RT is appropriate. 
Superficial voltage is preferred for superficial target volumes following resection. Surgical resection 
alone is associated with high rates of recurrence.  
 
Special considerations for RT technique:  

• In this case, there are likely wide variations in clinical target parameters and adjuvant RT may 
include multiple RT modalities and techniques 

• Special consideration may be necessary to avoid overlap given multiple treatment fields 

• Choice of energy should consider depth of clinical target(s) and underlying organs at risk 

• Location, including body contour at clinical target area(s), and if high-quality dosimetry is 
feasible with chosen technique 

• CT simulation may be used in this case to assess depth of target(s), body contour and dose to 
underlying organs  

• Dose fractionation should be chosen to minimize potential toxicity to underlying organs 
 

Treatment 

Rating 

Category 

Final Tabulations Group 

Median 

Rating Disagree SOE SOR 1 2 3 4 5 6 7 8 9 

Surgery alone U 0 4 5 1 0 0 1 0 0 3  S ↑ 

RT alone U 0 2 8 0 0 0 0 0 0 3  S ↑ 

Surgery + adjuvant electron beam RT A 0 0 0 0 1 1 9 0 0 7  S ↑ 

Surgery + adjuvant kV photon RT  0 0 0 0 1 2 8 0 0 7 X S ↓ 

Surgery + adjuvant MV photon RT A 1 0 0 0 0 0 10 0 0 7  S ↑ 

Surgery + BT (superficial applicator) A 0 0 0 0 1 1 9 0 0 7  S ↑ 
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Table 6. Variant 5: Prevention of Keloid Formation After Trauma in a Patient Deemed High Risk for 

Keloid Development 

A 35 year-old African American male with a known history of keloid formation following tattooing 

presents after sustaining a traumatic facial laceration, for which he undergoes plastic surgical repair. He 

expresses concern regarding cosmesis should keloid develop on his face. 

Variant Discussion: 
Limited data exists regarding the use of prophylactic RT following surgery in a patient deemed high risk 

for keloid development. While prophylactic RT is generally not recommended due to paucity of data, 

prophylactic RT can be considered in unique clinical situations in which the morbidity of keloid 

formation requiring subsequent resection significantly outweighs the potential risks of ionizing RT 

exposure. If prophylactic treatment is pursued, RT techniques including dose and fractionation would 

follow recommendations for RT used in the adjuvant setting. 

 
 

 
 
 

Treatment 

Rating 

Category 

Final Tabulations Group 

Median 

Rating Disagree SOE SOR 1 2 3 4 5 6 7 8 9 

Surgery alone A 0 0 1 0 0 0 7 3 0 7  M ↑ 

Surgery + adjuvant kV photon RT M 0 0 1 6 3 0 1 0 0 4  M - 

Surgery + adjuvant electron beam RT M 0 0 1 6 3 0 1 0 0 4  M - 

Surgery + BT (superficial applicator) U 0 3 6 0 1 1 0 0 0 3  M ↑ 
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Table 7. Variant 6: Multiple Keloids in a Patient Unable Undergo Surgery 

A 46 year-old female presents with diffuse, painful keloids of varying size involving the majority of the 

trunk surface area. The lesions have been refractory to 6 months of treatment with intralesional 

injections, cryotherapy, and laser therapy. Multidisciplinary evaluation by dermatology and plastic 

surgery determined that surgical excision is not feasible given the extensive surface area of involvement. 

Variant Discussion: 
In patients with symptomatic unresectable keloids refractory to other therapies, definitive RT can be 

used with the intention of symptomatic relief, scar regression, and improvement in cosmesis as shown 

in small series. Various external beam dose fractionation schemes have been used including 37.5 Gy in 5 

fractions once weekly, 24 Gy in 3 fractions daily, 25 Gy in 5 fractions daily, and 30 Gy in 6 fractions daily. 

HDR BT utilizing 18 Gy over 6 fractions TID over 1.5 days has also been reported.  

 

 

Treatment 

Rating 

Category 

Final Tabulations Group 

Median 

Rating Disagree SOE SOR 1 2 3 4 5 6 7 8 9 

Electron beam RT M 0 0 0 0 1 8 2 0 0 6  M - 

kV photon RT M 0 0 0 0 1 8 2 0 0 6  M - 

MV photon RT M 0 0 0 1 4 5 1 0 0 6  M - 

BT (superficial applicator) M 0 0 0 0 1 8 2 0 0 6  M - 
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Table 8. Variant 7: Recurrent Keloid Following Prior Excision and Adjuvant RT 

A 30 year-old female with a history of earlobe keloid previously treated with surgical excision and 

adjuvant electron beam RT treatment presents with a 1.5 cm local recurrence arising 3 years after initial 

treatment. The lesion has been refractory to subsequent management with intralesional injections, 

cryotherapy, and laser therapy. She reports associated pain and dissatisfaction with cosmetic 

appearance. 

Variant Discussion: 
Limited data has been published on the outcomes of adjuvant re-irradiation for recurrent keloids. For 

patients with symptomatic recurrent keloids refractory to conservative therapy, re-resection followed 

by adjuvant RT would be an appropriate treatment option given the high risk of recurrence. If adjuvant 

re-irradiation treatment is pursued, RT techniques including dose and fractionation would be similar to 

RT used in the adjuvant setting, with consideration for dose escalation and reassessment of RT modality, 

dosimetry, and treatment field.  

 

 

Please refer to the supporting documentation for a more complete discussion of the concepts and definitions 

below. 

Rating Categories:  U Usually not appropriate; M May be appropriate; A Usually appropriate 
Disagree: The variation of the individual ratings from the median rating indicates panel disagreement on the 

final recommendation. 
SOE: S Strong; M Moderate; L Limited; EC Expert Consensus; EO Expert Opinion 
SOR:  ↑ Strong Recommendation; ↓ Weak Recommendation; - Not strong, not weak 

Abbreviation Key: 
RT: radiotherapy 
MV: megavoltage 
BT: brachytherapy 
 

Treatment 

Rating 

Category 

Final Tabulations Group 

Median 

Rating Disagree SOE SOR 1 2 3 4 5 6 7 8 9 

Surgery alone M 0 0 0 9 1 1 0 0 0 4  M EC 

Surgery + adjuvant electron beam re-RT M 0 0 0 0 3 7 1 0 0 6  L EC 

Surgery + adjuvant kV photon re-RT M 0 0 0 0 3 7 1 0 0 6  L EC 

Surgery + adjuvant MV photon re-RT M 0 0 0 4 3 4 0 0 0 5  L EC 

Surgery + BT (superficial applicator) M 0 0 0 0 3 7 0 1 0 6  L EC 
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Appendix A: ARS AUC for Adjuvant Radiotherapy for the Prevention of 

Recurrent Hypertrophic Scars/Keloids 

 

Performed on 05/05/2026 

Embase, Medline (PubMed), PubMed Central, Scopus, Web of Science 

 

Search Query Results 

#5 Search: (("Cicatrix, Hypertrophic/radiotherapy"[Mesh])) OR 

"Keloid/radiotherapy"[Mesh] Filters: English, Humans, 

MEDLINE, from 1980/1/1 - 2026/4/22 Sort by: Most Recent 

302 

#4 Search: (("Cicatrix, Hypertrophic/radiotherapy"[Mesh])) OR 

"Keloid/radiotherapy"[Mesh] Filters: Humans, MEDLINE, 

from 1980/1/1 - 2026/4/22 Sort by: Most Recent 

347 

#3 Search: (("Cicatrix, Hypertrophic/radiotherapy"[Mesh])) OR 

"Keloid/radiotherapy"[Mesh] Filters: MEDLINE, from 

1980/1/1 - 2026/4/22 Sort by: Most Recent 

354 

#2 Search: (("Cicatrix, Hypertrophic/radiotherapy"[Mesh])) OR 

"Keloid/radiotherapy"[Mesh] Filters: from 1980/1/1 - 

2026/4/22 Sort by: Most Recent 

354 

#1 Search: (("Cicatrix, Hypertrophic/radiotherapy"[Mesh])) OR 

"Keloid/radiotherapy"[Mesh] Sort by: Most Recent 

412 

 

 

https://pubmed.ncbi.nlm.nih.gov/?term=%28%28%22Cicatrix%2C+Hypertrophic%2Fradiotherapy%22%5BMesh%5D%29%29+OR+%22Keloid%2Fradiotherapy%22%5BMesh%5D&filter=dates.1980%2F1%2F1-2026%2F4%2F22&filter=lang.english&filter=hum_ani.humans&filter=other.medline&sort=date&size=100
https://pubmed.ncbi.nlm.nih.gov/?term=%28%28%22Cicatrix%2C+Hypertrophic%2Fradiotherapy%22%5BMesh%5D%29%29+OR+%22Keloid%2Fradiotherapy%22%5BMesh%5D&filter=dates.1980%2F1%2F1-2026%2F4%2F22&filter=hum_ani.humans&filter=other.medline&sort=date&size=100
https://pubmed.ncbi.nlm.nih.gov/?term=%28%28%22Cicatrix%2C+Hypertrophic%2Fradiotherapy%22%5BMesh%5D%29%29+OR+%22Keloid%2Fradiotherapy%22%5BMesh%5D&filter=dates.1980%2F1%2F1-2026%2F4%2F22&filter=other.medline&sort=date&size=100
https://pubmed.ncbi.nlm.nih.gov/?term=%28%28%22Cicatrix%2C+Hypertrophic%2Fradiotherapy%22%5BMesh%5D%29%29+OR+%22Keloid%2Fradiotherapy%22%5BMesh%5D&filter=dates.1980%2F1%2F1-2026%2F4%2F22&sort=date&size=100
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=%28%28%22Cicatrix%2C+Hypertrophic%2Fradiotherapy%22%5BMesh%5D%29%29+OR+%22Keloid%2Fradiotherapy%22%5BMesh%5D&size=100
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