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Abstract  
 
 
Purpose: Keloid scar is a benign dermal condition that occurs due to excessive activation 

of fibroblast, which leads to an abnormal accumulation of collagen. As a result of its high 

recurrence rate it is performed nowadays combined treatments. This study aims to 

evaluate, in real-life patients, the efficacy of adjuvant radiotherapy when used associated 

with surgical excision. 

 

Methods: We conducted a retrospective study on patients with keloid scars who 

underwent surgical excision and adjuvant radiotherapy, between May 2016 and March 

2020. The data was collected from the radiology and plastic surgery medical charts. The 

patient and observer scar assessment scale (POSAS) was performed in all 13 patients. 

The treatment used was surgical removal of the scar associated with 9 Gy radiotherapy 

dose within the first 24 hours after the surgery, plus another session after 7 days. 

 

Results: 13 patients and 16 keloid scars were evaluated during a mean follow-up period 

of 13,5 months 95%CI (5,84; 21,16). There was no major adverse event from the 

treatment used. According to POSAS, the overall satisfaction rate was significantly good 

(mean of 2,29 on a scale from 1 to 10). Only one recurrence was observed (6,25%). 

 
 
Conclusion: Keloid scars are difficult to treat due to their high recurrence rate. There is 

no consent about which treatment is the best. This study showed that surgical excision 

combined with adjuvant radiotherapy is an excellent option, even for refractory keloids. 

The aesthetical result was satisfactory, and the recurrence rate was low. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 



 
 
 
Introduction 
 

Keloid is, as well as a hypertrophic scar, a fibroproliferative disorder characterized by 

an abnormal growth of the tissue scar, due to excessive deposition of collagen(1-3). 

However, unlike the hypertrophic scars, keloids grow beyond the boundaries of the initial 

wound.  
  This scar disorder seems to have the propensity to affect individuals with higher 

Fitzpatrick phototype, with an incidence ranging from 4,5% to 16% in type VI Fitzpatrick 

skin type compared to 0,09% in type I (4). It is also known that some genetic conditions 

increase the probability of having keloids (ex: Noonan syndrome, Bethlem myopathy)(3), 

as well as a positive family history. The majority of the studies consider that the incidence 

of keloid scar does affect women and men equally, however Noishiki C, et al concluded 

that before the age of the normal onset, 15 years old, females have twice the incidence of 

men(5). 

 

  Histologically, keloids are defined by the presence of disarray fibrous nodules and 

hyalinized thick collagen, which make their appearance unique in size, pigmentation, and 

pattern(6). 

 

  These scars can be asymptomatic or associated with discomfort, pruritus, and pain, 

which may have a negative impact on the quality of life of patients. 

 

  The pathophysiology of this disorder is not well known. However, some studies have 

found out that the presence of systemic factors, such as hormonal alterations, seen in 

puberty and pregnancy, can aggravate the inflammation of the tissue, due to the 

vasodilatory effect that the estrogens have on the vases. Moreover, local risk factors, like 

delayed wound healing, depth and skin tension also contribute to this process(2). 

 

  The inflammation has an important role in the physiology of keloid formation(7) since 

it is responsible for the continuous activation of the fibroblasts and, consequently, making 

it impossible for them to mature. Therefore, any condition or event that induces the 

activation of these cells, in a genetically predisposed individual, can lead to the formation 

of a keloid scar. Some researchers even consider keloid a chronic inflammatory disease 

with “cancer-like tendencies”(8), since they have a clinically aggressive behavior 

although they never metastasize. 

 



 

 

 
 

  There are several different treatments for this condition, which include, compression 

therapy, silicone gel pads, cryotherapy, injection of glucocorticoids, topical 

administration of antineoplastic drugs (p. e. bleomycin, 5-FU, mitomycin), 

immunotherapy (tacrolimus, imiquimod, interferons)(9), surgical resection and 

radiotherapy. Currently, advancements in other fields like genetic, epigenetic and stem 

cells are being made with promising results. 

 

  Treatment with radiotherapy varies a lot depending on the protocol and the modality 

used. Renz, P et al showed that the protocol associated with a lower recurrence rate of 

keloids scar was the dose of 20 Gy in 5 fractions(10). 

 

  Keloid scar is a benign condition but refractory to most treatments. As a result of its 

high risk of recurrence, it is used, nowadays, combined treatment.  

 

  This study aims to evaluate the effectiveness of combined treatment- surgical excision 

associated with adjuvant radiotherapy- in real-life patients. Determine if there was an 

aesthetic and clinical improvement in the individuals and expose any type of possible 

complications. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

 Methods 
 
Patients 

   We performed a retrospective study to evaluate the efficacy of radiotherapy after 

surgical excision in the treatment of keloids. The study was performed at São João, Porto 

Hospital and encompassed patients from May 2016 until March 2020. A total of 13 

patients, 16 keloid scars were included in this study. 

  Inclusion criteria were all the patients clinically diagnosed with a keloid scar, who 

underwent radiotherapy after surgical removal of their keloid. There were no exclusion 

criteria. 

 

Radiotherapy protocol 

  The radiotherapy protocol used in this study was 9 Gy dose applied on the scar within 

24 hours after the surgery and another dose applied seven days later. 

   

Outcome evaluation 

  The data was gathered from radiology and plastic surgery medical charts with authorized 

consent of the Ethics Commission. POSAS, Patient and observer scar assessment scale, 

was performed in all patients to evaluate the physical and symptomatic characteristics of 

the keloids. The POSAS observer scale was performed by the same investigator in all 

patients.  

  The patients were enlisted to attend for reviews of their scar to collect the data for 

POSAS. For those who could not attend the appointment, the questionnaire was 

performed by telephone. 

  The lesions were photographed before and after surgery, and after radiotherapy 

treatment.  

  Formal consent was obtained from all the patients below.  

  Due to the differences between the follow-up time among patients, they were clustered 

into two categories (follow-up period less than one year and more than one year). The 

non-parametric test Mann-Whitney was used to compare the answers on both groups. 

 

 
 
 
 
 
 



 
 
 
Results 
 
  A total of 13 patients (5 women and 8 men) underwent surgical excision and 

radiotherapy treatment. The mean age was 29,2 years with a range between 12 to 69 years.        

Among patients, 2 were African descendants and 11 were Caucasians. 

The mean follow-up period was 13,5 months 95%CI (5,84; 21,16). 

 

Keloids characteristics 

  We analyzed 16 keloids. Ten (62,5%) were located in the ear, three (18,75%) in the 

trunk, one (6,25%) in the mandibular right region, one (6,25%) in the breast and one 

(6,25%) in the cervical region (Fig. 7).  

  Eight of the 13 patients referred to had symptoms before the treatment (pain 25% and 

pruritus 75%). 

  The main cause for the appearance of the scar, with a total of 5 patients, was iatrogenic 

(otoplasty, thyroidectomy and mammoplasty), followed by intentional trauma such as 

piercings (Table 1). 

  Six patients underwent previous treatments (excisional surgery, corticoids injections, 

laser and cryotherapy) with poor response.  

 

The patient and observer scar assessment scale (POSAS) 

  The POSAS consists of two parts: Patient and Observer scale. Both contains 6 items 

scored numerically from 1 to 10 (1 corresponds to the characteristics of normal skin and  

10 to the worst imaginable scar). The seven-item presented in each scale consists of the 

overall opinion of the scar. It gives a satisfactory rate of the final lesion. 

  In the less than a year category, the mean satisfactory rate obtained by the patients was 

2,57 (1-10) compared to the 3,43 of the observer scales.  

  The patients with more than a year follow-up had a mean of 2 (1-10) satisfactory rate, 

similar to the 2,33 obtained by the observer scale (Table 2). 

 

Outcome 

  All of the adverse events caused by the radiotherapy were transient and spontaneous 

disappeared. 

  The main event that occurred was erythema (Fig. 5), seen in almost all of the patients.   

Hyperpigmentation (Fig.4), dry desquamation and focal alopecia were observed in some 

but, as well as erythema, resolved in weeks.  

None of the items of POSAS showed statistically significant differences between groups. 



 

 

 

Overall the final lesions had decreased in size, become similar to the natural color of the 

skin, decreased their symptoms and had a positive impact on the quality of life of patients 

on both groups. 

 Only one recurrence was observed among the 16 keloids treated, which makes a 

recurrence rate of 6,25%. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
Discussion 
 
  Keloid scar occurs due to deposition of excessive extracellular matrix on the skin. The 

major component deposited is collagen that is produced by fibroblasts.  

A simple injury can lead to persistent activation of these cells by multiples cytokines and 

growth factors, such as TGF-ß, PDGF, VEGF, among others(11). Without treatment, 

these activation cycle of cytokines and collagen progresses over time, increasing the 

keloid in size and making it more prone to symptoms. The definitive treatment for this 

skin disorder implies removing this fibrotic tissue and stopping this vicious cycle, 

preventing it from growing again.   

 

  The gold-standard treatment for keloid scars remains unknown. There has been 

demonstrated over time that some have better results and lower recurrence rates than 

others. Surgical excision not combined with other treatments does not provide a good 

response in more than 45% of the patients.(12) 

  Rabello et al refer that intralesional corticosteroid injections are the first-line therapy.          

However, it has a recurrence rate of 9% to 50% and a response that significantly range 

among patients. (13)  

  Intralesional injections of 5-FU are safe and effective in the treatment of hypertrophic, 

fibrous and painful scars. The same results were not seen in keloids scars.(14)  

  Several studies have assessed whether some therapies, such as injection of stem cells, 

could provide a new optimal outcome for keloid treatment. It has been shown that these 

cells reduce the keloid implant in the mouse but it is needed more studies to verify the 

same response in humans. (9)  

  New therapies with chemotherapy, immunotherapy and anti-hypertension agents have 

been tested but with no excellent response. (9, 15) 

 

  Radiotherapy can be an excellent option to used combined with surgical excision in the 

treatment of this disorder. This therapy acts by ionizing molecules in irradiated tissues to 

cause DNA damage, preventing cells to complete their cycle. In keloids, radiotherapy 

induces the apoptosis and necrosis of fibroblasts, blocking the continuous cycling of cell 

activation and deposition of collagen. Therefore, it decreases the probability of recurrence 

regardless the size and location of the keloid.  

 

  This study revealed a significantly good overall satisfaction rate with the treatment used.                

 



 

 

 

The group with a follow-up period longer than one year had better results, as should be 

expected since their lesions had more time to heal and improve aesthetically. 

 Two of the patients did not achieve good results. One had their keloid returned after 6 

months and the other had worsened his lesion, more specifically, it increased in size 

(Fig.3). Both of the patients were noncompliant with the therapeutics after their 

radiotherapy sessions, which could explain their final result. 

 

The adverse events observed in patients appeared days after radiotherapy and are 

completely known as normal early complications of this treatment (erythema and dry 

desquamation). Hyperpigmentation and focal alopecia were seen in a few patients. All of 

these complications resolved spontaneously in weeks (Fig.5 e 6). 

There were no statistically significant differences between the score given by the two 

groups to each POSAS item. This can denote that the early lesions caused by radiotherapy 

on the skin are not significant or do not have such evident impact aesthetically. 

 

Radiotherapy can be aggressive and cause major long-term complications. It can 

increase the risk of developing tumors in the irradiated region. However, the occurrence 

of those complications is dose-dependent. The dose used in the benign condition, as 

keloid scars, is a low to intermediate dose (3-50Gy) which has rare or minimal side 

effects.(16)  
 

Renz P. et al concluded that lesions treated to >20 Gy had a recurrence rate of 1.6% 

compared with 9.6% with <20 Gy. (10) Although, the radiotherapy protocol used in this  

study was 18Gy in 2 fractions for all keloids regardless of their location, the results were 

still optimal. 

 

The main limitations of this study are the low number of patients and the differences 

between the follow-up periods among them.  

  Nevertheless, it still provides strong evidence of the overall improvement of keloid scars 

of this specific treatment. 
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Age n=13 
min 12 
max 69 
mean 29,2 
Race   
Caucasian 11 
African 2 
Cause of Keloid   
Trauma 3 
Intentional 4 
Iatrogenic 5 
Unknown 1 
Previous Treatments 
Silicone 1 
Corticosteroids 5 
Laser 1 
Liquid Nitrogen 1 
Surgery 3 

 

Table 1: Characteristics of the patients 

Fig. 7: Locations of keloids 
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Patient Evaluation   

Scale: No, not at all- 1                                         10- Yes, very much 
  Mean, 95% CI [lower-upper limit]  
    <1 year >1 year p value 

Pain 1,71 [0,69; 2,74] 2,67 [0,30; 5,03] 0,532 
Itching 1,71 [1,02; 2,41] 1,16 [0,74; 1,60] 0,135 

Scale: No, as normal skin                                     Yes, very different-10 
Color 3,86 [1,11; 6,60] 1,67 [0,81; 2,52] 0,065 
Stiffness 4 [0,89; 7,11] 2,5 [0,54; 4,46] 0,422 
Thickness 3,86 [0,63; 7,08] 3 [0,90; 5,10] 1 
Irregularity 3,57 [0,71; 6,72] 2,83 [0,69; 4,98] 0,706 
Overall opinion 2,57 [1,39; 3,75] 2 [1,34; 2,66] 0,372 

      
Observer Evaluation   

Scale: Normal skin- 1                                        10-Worst scar imaginable 
  Mean, 95% CI [lower-upper limit]   
    <1year >1year p value 

Vascularization 3,14 [0,15; 6,14] 1,67 [0,81; 2,52] 0,449 
Pigmentation 2,14 [-,27; 4,56] 1,33 [0,48; 2,19] 0,629 
Thickness 3,71 [0,18; 7,24] 2,83 [0,31; 5,35] 0,816 
Relief 3,43 [0,16; 6,67] 2,67 [0,21; 5,12] 0,876 
Pliability 3,43 [0,06; 6,80] 2,67 [-,20; 5,53] 0,938 
Surface Area 3,43 [0,06; 6,80] 2,17 [0,62; 3,71] 0,876 
Overall opinion 3,43 [0,46; 6,39] 2,33 [1,25; 3,42] 0,824 

Table 2: Patient and Observer scar assessment scale mean values 



 
 
 
 
 
 
 
 
 
 
 
 
Anexos  
 
 
 

 
 
 
 
 
 
 

 



 

1 2 3 4 5 6 7 8 9 10

Date of examination:

Observer:

Location:

Research / study:

POSAS Patient scale 
The Patient and Observer Scar Assessment Scale  v 2.0 / EN

Name of patient:

Date of birth:

Identification number:

1 = no, not at all    yes, very much = 10

yes, very different = 101 = no, as normal skin

very different = 101 = as normal skin

1 2 3 4 5 6 7 8 9 10

has the scar been painful the past few weeks?

has the scar been itching the past few weeks?

is the scar color different from the color of your normal skin at present?

is the stiffness of the scar different from your normal skin at present?

is the thickness of the scar different from your normal skin at present?

is the scar more irregular than your normal skin at present?

what is your overall opinion of the scar compared to normal skin?

copyright © p.p.m. van zuijlen, beverwijk-nl



      
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
  
 
 

Date of examination:

Observer:

Location:

Research / study:

Explanation
The observer scale of the POSAS consists of six items (vascularity,  
pigmentation, thickness, relief, pliability and surface area). 
All items are scored on a scale ranging from 1 (‘like normal skin’)  
to 10 (‘worst scar imaginable’).
The sum of the six items results in a total score of the POSAS observer  
scale. Categories boxes are added for each item. Furthermore, an overall  
opinion is scored on a scale ranging from 1 to 10.
All parameters should preferably be compared to normal skin on a  
comparable anatomic location.

Explanatory notes on the items:
•  vascularity  Presence of vessels in scar tissue assessed by the amount 

of redness, tested by the amount of blood return after blanching with a  
piece of Plexiglas

•  pigmentation  Brownish coloration of the scar by pigment (melanin); 
apply Plexiglas to the skin with moderate pressure to eliminate the  
effect of vascularity

•  thickness  Average distance between the subcutical-dermal border 
and the epidermal surface of the scar 

•  relief  The extent to which surface irregularities are present 
(preferably compared with adjacent normal skin)

•  pliability  Suppleness of the scar tested by wrinkling the scar between 
the thumb and index finger 

•  surface area  Surface area of the scar in relation to the original wound area

POSAS Observer scale
The Patient and Observer Scar Assessment Scale  v 2.0 / EN

Name of patient:

Date of birth:

Identification number:

vascularity

pigmentation

thickness

relief

pliability

surface area

pale  |  pink  |  red  |  purple  |  mix

hypo  |  hyper  |  mix

thicker  |  thinner

more  |  less  |  mix 

supple  |  stiff  |  mix

expansion  |  contraction  |  mix

categoryparameter

overall opinion

1 = normal skin    worst scar imaginable = 10

1 2 3 4 5 6 7 8 9 10
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