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Background: Combined therapy for keloids is currently recommended. Surgery is one of the main options, but the measures to
prevent recurrence after excision are still being explored.

Objective: The randomized controlled study aimed at evaluating the efficacy of excision followed by intralesional low concentrations
of 5-fluorouracil (5-FU)(12.5 mg/mL) and betamethasone.

Methods: Sixty patients were randomly assigned to three groups. Patients in group A had excision followed by 5-FU and
betamethasone intralesional injections, group B had 5-FU and betamethasone intralesional injections, and group C had excision
followed by radiotherapy. Efficacy parameters were assessed from 8 to 12 months, including improvement on the Vancouver Scar
Scale (VSS) and the Patient and Observer Scar Scale (POSAS), as well as side effects and recurrence. Trial registration number:
ChiCTR2100046025.

Results: After 4 months’ treatment, the improvement of the VSS and POSAS scores in group A was not different from that in group C (P>
0.05) but was superior to that in group B (P < 0.05); the pain and pruritus of the three groups were relieved more than 50%. After 8 to 12
months’ follow-up, there was no statistical difference in the incidence of side effects and recurrence among the groups (P > 0.05).
Conclusion: Excision followed by intralesional low concentrations of 5-FU (12.5mg/mL) with betamethasone is a safe and
sustainable treatment for keloid, with no significant difference from excision followed by radiotherapy.
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Introduction

As the largest organ of the human body, the skin is the first defence against external damage. Any trauma including
surgery, puncture, acne, folliculitis, tattoos, insect bites, burns, abrasions, and other processes that cause skin inflamma-
tion, the body automatically turns on the repair system. However, this process will have the possibility of excessive repair
and proliferation, resulting in abnormal wound healing and subsequent development of hypertrophic scars or keloids."
This not only makes aesthetically impaired, keloids growing in the joint affects motor function to varying degrees but
also causes obstacles to the quality of life. The mechanism involves the excessive proliferation of fibroblasts in tissues®
and abnormal activation of the proinflammatory cascade,’ which leads to the deposition of a large amount of extracellular
matrix such as collagen. There is a variety of treatments including surgery, radiation, intralesional injection of
corticosteroids and anti-tumor drugs (5-fluorouracil, mitomycin C, bleomycin, etc), laser, topical silicone drugs, etc,
but still lack of an effective monotherapy. It is believed that multimodal combination therapy has better results and fewer
side effects.* Excision followed by intralesional 5-fluorouracil (5-FU) and corticosteroid injection is a classical effective
therapy, showing a better comprehensive treatment effect.” Most studies have used 40-50 mg/mL 5-FU in the treatment
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of keloid.*” Considering the physical factors of Asians, we tried to use a low concentration of 5-FU (12.5mg/mL). In
addition, we used Diprospan, which is a compound betamethasone preparation containing short-term and long-term
effects. With these changes, we developed the new treatment regimens and have achieved effective results in previous
clinical studies.® In this study, we conducted a randomized controlled clinical trial to demonstrate that our new regimen
has good efficacy compared with intralesional low concentrations of 5-FU and betamethasone injections, and excision
followed by radiotherapy.

Methods

Ethical Statement

This study has been approved by the Ethics Committee of the Second Affiliated Hospital of Xi’an Jiaotong University
and registered in the Chinese Clinical Trial Registry (ChiCTR2100046025) before recruitment. The study protocol
conformed to the ethical guidelines of the 1975 Declaration of Helsinki.

Patients

From May 2021 to August 2021, we included 60 patients diagnosed with keloid in the Second Affiliated Hospital of
Xi’an Jiaotong University. Informed consent was obtained. Inclusion criteria were aged 1870 years old; did not
experience any keloid treatment within 3 months; the lesions without progression within 3 months and were assessed
by the VSS with a score more than 4 and less than 13. Exclusion criteria included pregnancy and lactation, systemic
disease or tumor, infection of lesions, allergic to corticosteroids or 5-FU. Patients were randomly divided into three
groups. Group A: excision followed by 5-FU and betamethasone intralesional injections, group B: 5-FU and betametha-
sone intralesional injections, group C: excision followed by radiotherapy.

Treatment

Collected patients’ information before treatment. One doctor assessed the severity of the keloid, completed the scar
scales and took photographs (camera: Leica C Typl12). Excision and injection were performed in the same surgeon’s
visit, who only knew the results of randomization.

Group A: keloids were removed completely to minimize wound tension. Injection: 2mL 5-FU (250mg/10mL), 1mL
betamethasone (7mg/mL) and ImL lidocaine (2mg/mL) mixed well until there was no white precipitate. Using a 1-mL
syringe, 0.5cm on parallel lines on both sides from the suture, with the interval of 1cm as an injection point, 0.1mL at
each point injected slowly, the volume was limited to 4mL. Sterile dressing was applied after the end, and local drying
was advised for 24 hours. The first injection was performed immediately after excision of keloids and every 4 weeks
thereafter. The course of treatment was ended after 4 times.

Group B: The drugs preparation is the same as group A. Injection: Using a 1-mL syringe, the mixed solution was
injected into keloid lesions and the volume was limited to 4mL. The injection was once every 4 weeks, and the course of
treatment was ended after 4 times.

Group C: The surgical excision same as group A. We used high-energy electron beam superficial radiotherapy. Within
24 hours of surgery, the patients were treated for the first time. A Trilogy electron linear accelerator (Varian, USA, energy
6 MeV) was used, with wound and 1cm around it as the irradiation range, 3.5-4 Gy per fraction, and 3 times consecutive
radiotherapy on the second, third and fourth days after surgery.

Efficacy Evaluation

The main criteria of assessment were the clinical evaluation of the Vancouver Scar Scale’ (VSS) and the Patient and
Observer Scar Assessment Scale'® (POSAS). The latter includes two parts: the patient scale (PSAS) and the observer
scale (OSAS). The work was always done by one doctor. Data were collected prior to treatment and after 4 months.
Record all side effects that occurred during treatment and follow-up. Recurrence is defined as the presence of one or
more of the following situations: the pruritus or pain increased, keloid appearing again and exceeding the original range.
Follow-up was stopped when the patient experienced recurrence, and treatment was given immediately.
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Statistical Analysis

All the data were analyzed by SPSS (version 20). Categorical variables were presented as numbers (%), and the Chi
square or Fisher’s test were used. Continuous variables satisfying a normal distribution were presented as mean
+standard deviation (x+s), and the one-way ANOVA and paired ¢-test were used. Continuous variables that did not
show normality were presented as median (Interquartile Range) [M (P,s5,P75)], and the Kruskal-Wallis test and Wilcoxon
rank sum test were used. A P-value <0.05 was considered to be statistically significant.

Results

A total of 55 patients completed the treatment and follow-up. There was no statistical difference in sex, age, course of the
disease, BMI, location of lesions, inducement, previous treatment history and family history among the three groups
(P>0.05) (Table 1).

Improvement of Keloid Treatment
Before treatment, there was no statistical difference in VSS, OSAS, PSAS scores among the three groups (P>0.05).
However, each group’s scores were significantly lower than themselves after 4 months’ treatment (P<0.01).

(1) After 4 months, there was statistical difference of VSS among the three groups (P<0.01), with similar improve-
ment in group A and C (P=0.936), but superior to group B (P=0.028, P=0.001). The VSS scores in groups A, B, and
C improved by 55.16%, 37.11%, and 54.11% after treatment, respectively (Table 2 and Figure 1).

(2) After 4 months, there was statistical difference of OSAS among the three groups (P<0.05), with similar
improvement in group A and C (P=0.987), but superior to that in group B (P=0.008, P=0.01) The OSAS scores in
group A, B, and C improved by 45.68%, 27.93%, and 41.77% after treatment, respectively (Table 3 and Figure 1).

Table | Patient Characteristics

Characteristic Group A (n = 18) Group B (n = 20) Group C (n=17) P
Sex (male/female) 5/13 5/15 8/9 ND*
Age (years) 27.50 (23.75, 34.00) 30.00 (22.25, 44.25) 31.00 (23.50, 54.50) ND**
Existence (years) 4.00 (3.00, 7.00) 5.00 (3.25, 7.75) 8.00 (4.50, 15.00) ND**
BMI (kg/m?) 21.21%3.10 22.04+2.16 22.96+3.39 ND*¥*
Previous therapy (none/exist) 6/12 7/13 11/5 ND*
Family history (none/exist) 3/15 2/18 1716 ND*
Etiology: 5 6 4 ND*

Acne, folliculitis

surgery, injury 6

Spontaneous 7
Localization: 2 ND*

Head and face

trunk 13 18 15

Limbs 3 2 0

Note: *Chi square or Fisher’s test. **Kruskal-Wallis test. **One-way ANOVA.

Abbreviation: ND, no difference.

Table 2 Results: Comparison of VSS (Meanzstd)

Groups n Before Treatment After Treatment Paired t-Test Value
Group A 18 10.17£2.31 4.56+2.06* t=13.843 P<0.001
Group B 20 9.70%1.59 6.10£1.17 t=10.987 P<0.001
Group C 17 9.24+1.92 4.24+] 48%* t=8.086 P<0.001
One-way ANOVA value F=0.997 F=7.349

P=0.376 P=0.002

Note: Compared with group B, *P <0.05, **P <0.01.
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Figure | Comparison of VSS (A), OSAS (B) and PSAS (C). (A) comparison of VSS among the three groups before and after treatment, (B) comparison of OSAS among the
three groups before and after treatment, (C) comparison of PSAS among the three groups before and after treatment. After 4 months, the improvement of VSS, OSAS and
PSAS in group A and C were significantly increased compared with group B. There was no statistical difference in group A and C. *P<0.05, **P<0.01.

(3) After 4 months, there was statistical difference of PSAS among the three groups (P<0.01), with similar
improvements in group A and C (P=0.09), but superior to that in group B (P=0.017, P=0.001). The PSAS scores in
groups A, B, and C improved by 51.72%, 30.95%, and 63.63% after treatment, respectively (Table 4 and Figure 1).

Recurrence
The median follow-up time of groups A, B, and C was 9 months, 9 months and 10 months, respectively, and the

minimum follow-up time was 8 months and the maximum was 12 months in all the three groups. Comparison of
recurrence among the three groups: 2 cases in group A (2/18), 4 cases in group B (4/20), 1 case in group C (1/17). The
recurrence rate in group A (11.1%) and group B (20%) was higher than that in group C (5.9%), but there was no
statistical difference among the three groups (P=0.535). (Table 5).

Table 3 Results: Comparison of OSAS (Meanzstd)

Groups n Before Treatment After Treatment Paired t-Test Value
Group A 18 34.06+7.67 18.50+6.12%* t=11.905 P<0.001
Group B 20 32.40+4.49 23.35+3.95 t=11.977 P<0.001
Group C 17 31.82+5.79 18.53+6.15* t=7.351 P<0.001
One-way ANOVA value F=0.646 F=5.034

P=0.528 P=0.010

Note: Compared with group B, *P <0.05, **P <0.01.
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Table 4 Results: Comparison of PSAS [Median (Interquartile Range)]

Groups n Before Treatment After Treatment Wilcoxon Rank Sum Test Value
Group A 18 43.50 (32.50, 48.50) 21.00 (15.75, 25.25)* =-3.726 P<0.001
Group B 20 42.00 (37.25, 43.75) 29.00 (23.75, 33.00) Z=-3.529 P<0.001
Group C 17 44.00 (38.00, 48.50) 16.00 (14.50, 20.00)** Z=-3.576 P<0.001

Kruskal-Wallis test value

2=1.743
P=0.418

¥=17.095
P<0.001

Note: Compared with group B, *P <0.05, **P <0.01.

Table 5 Results: Comparison of Recurrence and Adverse Side Effects

Groups n | Recurrence Adverse Side Effects
Scab | Telangiectasia | Hyperpigmentation | Hypopigmentation
Group A 18 2 3 2 2 |
Group B 20 4 3 | | 0
Group C 17 | | 4 5 0
Fisher’s test P=0.535 P=0.423
value

Adverse Side Effects

The side effects included hyperpigmentation, scab, telangiectasia, and hypopigmentation. The incidence of side effects in
group A, group B and group C was 44.44% (8/18), 25.00% (5/20) and 58.82% (10/17), respectively, but there was no
statistical difference among the groups (P=0.423). There was none of the malignant transformation or systemic side
effects (Table 5 and Figure 2).

Pain and Pruritus
Among the 55 patients in our study, 44 (84.62%) patients reported pain and 52 (94.55%) patients reported pruritus at the
site of keloid. We counted the pain and pruritus scores separately in the PSAS. Whether before or after 4 months’
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Figure 2 Adverse side effects resulting from treatments. The most common side effect in group A, B and C was scab, scab and hyperpigmentation, respectively.
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Table 6 Results: Comparison of Pain [Median (Interquartile Range)]

Groups n Before After Wilcoxon Rank Sum Test Value
Treatment Treatment

Group A 18 | 4.00 (1.75, 5.00) 1.00 (1.00, 2.00) Z=-3.053 P=0.002

Group B 20 | 3.00 (2.25, 4.00) 1.00 (1.00, 3.00) Z=-2.556 P=0.011

Group C 17 | 5.00 (3.00, 5.50) 1.00 (1.00, 3.00) Z=-2.656 P=0.008

Kruskal-Wallis test ¥*=3.444 ¥*=0.784

value P=0.179 P=0.676

Table 7 Results: Comparison of Pruritus [Median (Interquartile Range)]

Groups n | Before After Wilcoxon Rank Sum Test Value
Treatment Treatment

Group A I8 | 6.00 (3.75, 7.00) 2.00 (1.00, 3.25) Z=-3.309 P<0.001

Group B 20 | 4.00 (3.00, 7.00) 2.00 (1.25, 3.00) Z=-3.219 P<0.001

Group C 17 | 5.00 (3.50, 7.00) 2.00 (1.00, 4.00) =-3.195 P<0.001

Kruskal-Wallis test ¥*=2.562 ¥*=0.477

value P=0.278 P=0.788

treatment, there was no statistical difference in scores among the three groups (P>0.05). However, each group’s scores
were significantly lower after 4 months of treatment (P<0.05). The pain scores in group A, B and C were improved by
75.00%, 66.67% and 80.00%, respectively, and the pruritus scores were improved by 66.67%, 50.00% and 60.00%,
respectively (Tables 6 and 7).

Discussion

As a benign fibroproliferative disease, the final process of keloid development remains to be elucidated. The main
purpose of current treatments is to inhibit fibroblast proliferation and collagen deposition, as well as reduce inflammation.
All of these therapies are prone to relapse and cannot be completely cured. Many years of research have found that
monotherapy of keloids is difficult to achieve satisfactory efficacy, so experts recommend the combination of multiple
measures for treatment currently.”

Corticosteroids can inhibit inflammation,'" collagen and glycosaminoglycan synthesis, fibroblast proliferation, and
also can prevent the denaturation of collagen and fibroblasts.'? Corticosteroids are the traditional treatment of keloids,
which can effectively improve the flexibility of the tissue, reduce its thickness, relieve pruritus and pain in patients.'* The
most commonly used corticosteroid is triamcinolone acetonide, with an efficiency of 50-100% in different studies.®
However, after long-term observation, it has been found that the recurrence rate of corticosteroids is up to 50%, and 63%
of the patients have local side effects, including skin atrophy, hypopigmentation and telangiectasia.'* Whereas, the side
effects appear to be reduced when combining corticosteroids with 5-FU.'> The cells and tissues of keloids are in an
excessive metabolic state,'® so antimetabolites are logical. 5-FU is a pyrimidine analogue with antimetabolite activity
that inhibits cell division at all stages of the cell cycle, leading to growth arrest.'” It has been shown that 5-FU inhibits
fibroblast proliferation in vitro.'® Therefore, international guidelines formally incorporated 5-FU into new advances in
keloid treatment in 2014."'>'> More and more studies have observed that the efficacy of 5-FU combined with corticos-
teroids in the treatment of keloid and hypertrophic scar is superior to single-drug injections.”>*' The combination of
these two drugs is also recommended for the prevention of postoperative scar hyperplasia.’

After years of treatment for keloid patients, we found that triamcinolone acetonide has poor solubility and is easy to
block the syringe, the liquid always splashing to the skin and eyes. White spots with a hard texture and difficulty to be
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absorbed are often observed. Betamethasone has better solubility and less bolus pressure. It also has similar efficacy and
its side effects do not increase either. Currently, there are still limited studies about betamethasone in the treatment of
keloids.®**?** Due to the abnormal appearance, cannot resolve spontaneously, pain and pruritus and other characteristics
of keloid, many patients often require excision to achieve rapid efficacy. However, the recurrence rate of surgery alone
can be 45-100%,>* scholars found that keloid surgery combined with other treatments can reduce the risk of recurrence
from 50% to 8%.?° Even keloids with postoperative hyperplasia will be more sensitive to treatment than old lesions.
Excision followed by 5-FU and corticosteroids can significantly reduce the risk of recurrence and achieve better
efficacy.>*® Immediately or the early period after excision, injection of antimetabolites and corticosteroids near the
incision has no adverse effect on healing. What’s more, it has been proposed that early injection can inhibit the secretion
of inflammatory factors and growth factors that promote scar formation.*’

This study aims to demonstrate the efficacy of excision followed by intralesional low concentrations of 5-FU
(12.5mg/mL) and betamethasone in the treatment of keloids, compared with 5-FU (12.5mg/mL) and betamethasone
intralesional injection, as well as excision followed by radiotherapy. After excision of keloids, a low concentration of
5-FU (12.5mg/mL) and betamethasone (1.75mg/mL) mixture was injected around the edge of the incision. The
maximum dose as 50mg 5-FU and 7mg betamethasone each time. The dosage of 5-FU used in our study is much less
than the chemotherapeutic dose of 200-600mg/m?.%® In the present study, the appearance, clinical symptoms and patient
satisfaction of keloids were assessed with VSS, OSAS and PSAS. We found no significant difference in the scores of the
two treatments in group A and group C, but they were superior to group B. The results showed comparable efficacy in
group A and group C, providing convincing evidence for our new therapy. We observed a positive response in all the
three groups, and the improvement of scores between the baseline and 4 months was statistically significant in three
groups. The reduction of PSAS, pain, and pruritus scores indicated that the three treatments could relieve uncomfortable
symptoms and improve the quality of life for patients. In this study, some patients experienced local side effects,
including scab, telangiectasia, hyperpigmentation and hypopigmentation. These complications had also been reported in
previous studies.?’ The most common side effect in group A and group B was scab on the surface of the injection, but all
of them could heal spontaneously without serious infection. The scab did not affect the subsequent treatment for patients.
In group C, perilesional hyperpigmentation was most common, which occurs frequently in radiotherapy.’® The 8 to 12
months’ follow-up showed that side effects and recurrence rates in three groups showed no statistical difference, which
may be affected by a small sample size.

A meta-analysis that included four studies with 254 patients found that intralesional triamcinolone acetonide injection
after excision of keloids was invalid in reducing the recurrence rate, while after analysis of two studies with 107 patients,
it was shown that treated with 5-FU after surgery was effective in the prevention of recurrence.”’ This suggests that 5-FU
can prevent recurrence of keloid excision, but the combination with corticosteroids can optimize therapeutic effect and
reduce side effects. Most studies have treated keloids with (40—-50mg/mL) 5-FU, and a total injection dose of 50—
150mg.** Research has proposed a recurrence rate of 19% when excision followed by intralesional 5-FU.** In
a randomized controlled study of ear keloids, excision followed by intralesional of 9:1 5-FU versus triamcinolone
injection, the recurrence rate was 26.67% at a follow-up time of 20 months.>* We kept the observations for 8 to 12
months, showed that the recurrence rate was 11.1% in group A and 20% in group B. The results of the low concentrations
of 5-FU combined betamethasone injections in our study are comparable with these previous studies.

Reinholz et al treated keloids with 50mg/mL 5-FU and triamcinolone acetonide, the overall incidence of side
effects was 80%, including hyperpigmentation (36%), telangiectasia (24%), and ulcers (20%). In addition, pruritus
and pain were reduced by 57% and 55%, respectively, the PSAS improved by 39%, and the OSAS improved by 52%
after treatment.”® In our study, the incidence of complications in group A and group B was 44.44% and 25.00%,
respectively. Moreover, the pain and pruritus scores in group A and group B were also improved more than 50.00%.
Compared with the data from these studies using higher concentrations and doses of 5-FU, our therapy with 12.5mg/
mL 5-FU still achieved comparable comprehensive results. Many studies suggest that excision followed by radio-
therapy is an effective and safe treatment. Mankowski et al conducted a review of 72 studies involving radiation
therapy with 9048 keloids, the data showed that excision followed by radiotherapy prevented recurrence better than
radiotherapy alone (recurrence rates of 22% and 37%, respectively, P=0.005).>> However, as a benign disease, the
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choice of radiation therapy for keloid must be very cautious, especially in young women and special sites such as the
thyroid gland, gonads and breast. Whether as the postoperative prevention for recurrence or monotherapy, low
concentrations of 5-FU (12.5mg/mL) combined and betamethasone improved lesions significantly and achieved
a lower incidence of side effects and recurrence. It can treat keloids where radiotherapy is not recommended, or
patients who cannot accept radiotherapy due to various contraindications. In conclusion, we think excision followed
by low concentrations of 5-FU and betamethasone intralesional injections has a wider application, higher security and
more rapid efficacy (especially for patients with severe symptoms). Furthermore, injection is economical, easy to
operate, does not require special equipment and convenient to carry out the treatment, especially suitable for primary
hospitals. However, this study has some limitations. Patients were followed up for 8 to 12 months, and the recovery
of lesions still required longer observation. We could not carry out blinding because of the limitation of treatment
design. In addition, total number of patients included in the study is small and a large-scale study may be necessary.

Conclusion

In summary, the results of the present study showed that excision followed by intralesional low concentrations of 5-FU
with betamethasone could be a safe and effective method to treat keloid and prevent postoperative hyperplasia, with no
significant difference from excision followed by radiotherapy.

Representative Cases
Representative cases of three groups are presented in Figures 3—6.

Figure 4 Example of keloid in pubic region treated with excision followed by intralesional 5-FU and betamethasone. (A) Before treatment, (B) at 6 months of follow-up.
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Figure 6 Example of keloid treated with excision followed by radiotherapy. (A) Before treatment, (B) at 6 months of follow-up.
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