
EXPERIMENTAL AND THERAPEUTIC MEDICINE  13:  3607-3612,  2017

Abstract. Keloids are benign tumors that originate from scar 
tissues, but they usually overgrow beyond the original wounds. 
In a three-month single-center clinical trial, 69 patients were 
randomly divided into three groups. Patients in group 1 
were treated with intralesional injection of diprospan (2 mg 
betamethasone disodium phosphate and 5 mg betametha-
sone dipropionate in 1 ml) with one-month intervals for 
three months. Patients in groups 2 and 3 were injected with 
a combination of 0.5 ml 5-fluorouracil (5-FU; 25 mg/ml) 
and diprospan as above for three months also. Prior to each 
injection, the keloids of patients in group 3 were additionally 
irradiated by a 1,064-nm neodymium-yttrium-aluminum-ga
rnet (Nd:YAG) laser with a single pulse at an energy density of 
90-100 J/cm2 and a pulse width of 12 msec. Clinical responses 
were evaluated by patient self-assessment and overall 
assessment by an observer according to the clinical signs of 
erythema, pruritus and pliability. A total of sixty-two patients 
completed the tests of the present study. At 2 and 3 months, 
the patients in all treatment groups showed an acceptable 
improvement in nearly all measurements. At the end of the 
study, the erythema and toughness score was significantly 
reduced and itch reduction was significantly greater in the 
diprospan + 5-FU + Nd:YAG group when compared to those 
in the other groups (P<0.05 for all indexes). The acceptable 
responses (good to excellent improvements) reported by 
blinded observers were as follows: 12% in the diprospan 
group, 48% in the diprospan + 5-FU group and 69% in the 
diprospan + 5-FU + Nd:YAG group. All of the results indicated 

that the combination of diprospan + 5-FU + Nd:YAG was the 
most efficacious therapy for keloid scars.

Introduction

Keloids are benign tumors that originate from scar tissues, but 
they usually extend beyond the original wounds (1). Patients 
with keloids often experience severe physical (deformities, 
restricted range of motion, pain and pruritus) and psycho-
logical (cosmetic concern) constraints (2). Although the exact 
pathogenesis has remained to be completely elucidated, it 
is generally thought that keloids are caused by abnormal 
responses of connective tissue after skin trauma. Thus, the 
suppression of an overwhelming and uncontrolled fibroblast 
activity in keloid may be critical for the treatment of such 
abnormal wound responses (3). Keloid is also characterized by 
increased vascularity (4,5).

Keloids have been treated using various therapies with 
varying efficacy (6-8). There is no universally acknowledged 
approach to keloid scar ablation. Intra-lesional injection 
of steroids is one of the gold standards for keloid therapy. 
Corticosteroid therapy aids in inhibiting and breaking down 
lesions by inhibiting fibroblast growth and accelerating collagen 
degradation (7). Betamethasone preparation (diprospan; 
Schering-Plough, Kenilworth, NJ, USA) is a novel drug formu-
lation that has been introduced to treat various types of skin 
disease, including keloids (9). A 1-ml ampoule of diprospan 
contains 2 mg betamethasone disodium phosphate and 5 mg 
betamethasone dipropionate. It is a formulation containing 
short- and long-term acting components. 5-Fluorouracil (5-FU) 
is a pyrimidine analog with anti-metabolite activity, which 
inhibits fibroblast proliferation (10,11). 5-FU also inhibits 
the expression of type‑I collagen gene in human keloid fibro-
blasts (12). The effect of long-pulsed 1,064-nm neodymium-ytt
rium-aluminum-garnet (Nd:YAG) laser is based on suppression 
of the neovascularization process in these pathological scars (4).

The present study compared the clinical responses of 
keloids to treatment by intralesional injection of diprospan 
alone, diprospan combined with 5-FU, or diprospan combined 
with 5-FU and long-pulsed 1,064-nm Nd:YAG laser, in order 
to identify an optimal treatment strategy for keloids.
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Materials and methods

Study design. The present study was approved by the Ethics 
Committee of the First Affiliated Hospital of Nanjing 
Medical University (Nanjing, China). All participants are 
informed according to the Declaration of Helsinki. The 
keloid was diagnosed according to the criteria described in 
the literature (13). A total of 69 keloid patients who presented 
at the First Affiliated Hospital of Nanjing Medical University 
(Nanjing, China) from May 2014 to May 2015 were included 
in the present study. Patients who were treated for keloids 
within the last 6 months, pregnant women or women consid-
ering pregnancies in the near future, lactating women, patients 
with chronic renal failure or those showing any abnormal 
liver function or blood cell counts were excluded from the 
study. Furthermore, the lesions were required to be at least 
10 mm in length and only one lesion (preferably on the trunk 
or proximal extremities) per patient was treated.

The keloids were injected using a syringe needle (diam-
eter, 0.45 mm) until slight blanching was visible and the 
maximum volume of injection per square centimeter did 
not exceed 0.5 ml. The dosage was modified according to 
the degree of lesions but the final dosage did not exceed 
2 ml per session. The tough portion of the keloids can be 
injected several times, separated by approximately 1 cm. 
The patients were randomly divided into three study groups: 
Patients in group 1 (diprospan) were treated once a month by 
intralesional injection of diprospan (1 ml/ampoule contains 
2 mg betamethasone disodium phosphate and 5 mg beta-
methasone dipropionate) for three months. Patients in group 2 
(diprospan + 5-FU) received a combination of 0.5 ml 5-FU 
(25 mg/ml; Jinyao Pharmaceutical Group, Tianjin, China) and 
1 ml diprospan was injected monthly for three times. Patients 
in group 3 (diprospan + 5-FU + Nd:YAG) were treated by 
a 1,064-nm Nd:YAG (Lumenis One; Lumenis, Santa Clara, 
CA, USA) with a single 12-msec pulse at an energy density 
of 90-100 J/cm2 with a 6-mm spot and a single pass of spots 
overlapping 5-10% without cooling for three sessions at a 
one-month interval. Each session consisted of three passes 
unless the patient felt intolerable pain at the second pass, 
and under this condition, the session was ceased. The session 
would be terminated even if the patients did not feel any 
pain. Local anesthesia was not applied to any of the patients. 
Intralesional injection of diprospan + 5-FU was similar to that 
in group 2 and was given immediately after each Nd:YAG 
treatment for a total of three sessions.

The efficacies of treatments were evaluated according to 
patients' satisfaction, observations and measurements of a 
blinded observer (an in-house dermatologist) as well as the 
initial and final photographic records. During the experiment, 
the observer compared the images, measured the erythema, 
toughness and pruritus of the lesions, as well as any adverse 
events encountered during the treatments.

Evaluation procedures
Patient self‑assessment. Representative images of keloid 
scars at baseline and after 3 months of treatment are shown 
in Fig. 1. One month after each session (at the first, second, 
and third months of the study), the overall improvement was 
subjectively evaluated by the patients on a 5-point scale (14), 

i.e., no improvement, poor improvement (<25%), fair improve-
ment (26-50%), good improvement (51-75%) and excellent 
improvement (76-100%).

Observer assessment. One month after each session (at 
the first, second, and third month of the study), the overall 
improvement was assessed by the observer by comparing the 
standardized photographs taken at the 4-week intervals. The 
scales of improvement were similar to those of the patient 
self-assessment.

Erythema. Erythema was ranked by the observer on a 
5-point scale as follows: 0, 1, 2, 3 and 4 represents no, mild, 
severe and very severe erythema, respectively. The percentage 
of lesion improvement was defined as the percentage of 
erythema reduction compared to the erythema at baseline.

Toughness. Toughness was evaluated by the observer on a 
5-point scale as follows: 0, 1, 2, 3 and 4 represents no, mild, 
moderate, severe and very severe induration, respectively. The 
percentage of lesion malacia was defined as the percentage of 
reduction to the baseline pliability.

Pruritus. Severity of pruritus was ranked by the patients on 
a 5-point scale according to the following scale: 0, 1, 2, 3 and 4 
represent no, mild, moderate, severe and very severe pruritus, 
respectively. The percentage of itch reduction was defined as 
the percentage of pruritus reduction to the baseline pruritus.

Statistical analysis. The data were analyzed using the SPSS 
11.5 software package for Windows (SPSS Inc., Chicago, IL, 
USA). Standard two-tailed and paired Student's t-tests were 
used to compare the differences between values at time-points 
of assessment and at baseline. One-way analysis of variance 
followed by post hoc and χ2 tests were used to compare the 
difference between baseline and one, two and three months. 
All statistical tests were two-tailed. P<0.05 was considered to 
indicate a significant difference.

Results

Baseline characteristics. Sixty-two of the 69 patients who 
were enrolled completed the entire 12-week study. Fifty-eight 
percent of the patients enrolled in the study were female. The 
mean age of the patients was 26.7±7.5 years and the mean 
duration of the lesions was 32.9±27.6 months. A total of 4.7% 
of the lesions were on the face and neck, 67.8% on the trunk, 
22.5% on proximal extremities and 5% on distal extremities. 
No statistically significant differences were observed between 
the study groups regarding mean age, duration as well as 
erythema, pruritus and pliability at baseline (Table I).

Patient self‑assessment. Improvements were rated highest 
in the diprospan + 5-FU + Nd:YAG group and lowest in the 
diprospan group (Fig. 2). At the third month of the study, 
good to excellent improvements (by 50% or higher) were 
reported by a number of patients, i.e. 20% in the diprospan 
group, 58% in the diprospan + 5-FU group and 78% in the 
diprospan + 5-FU + Nd:YAG group.

Observer assessment. At the third month of the study, 
observer assessment results indicated that improvements 
also rated highest in the diprospan + 5-FU + Nd:YAG group 
and lowest in the diprospan group (Fig. 3). Good to excellent 
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responses were observed in 12% of the diprospan group, 
48% of the diprospan + 5-FU group and 69% of the dipro-
span + 5-FU + Nd:YAG group.

Erythema. The reduction in erythema score was statisti-
cally significant among all of the study groups during the 
entire study period (P<0.05). At the second month, the 
erythema score in the diprospan group was significantly 
higher than that in the diprospan + 5-FU group and the 
diprospan + 5-FU + Nd:YAG (P<0.05 for each). At the 
third month of the study, the erythema score in the dipro-
span + 5‑FU + Nd:YAG group was significantly lower than 
that in the diprospan and diprospan + 5-FU groups (P<0.05 
for each) (Fig. 4). Erythema score reduction percentages at 
the second and third month in the diprospan + 5-FU and the 

diprospan + 5‑FU + Nd:YAG groups were significantly higher 
than those in the diprospan group.

Toughness. A statistically significant malacia of lesions was 
observed in all three study groups at the second and third 
month when compared to the toughness at baseline (P<0.05 for 

Table I. Demographic features and baseline characteristics.

 Group 1 Group 2 Group 3 (diprospan+ 
Variable (diprospan) (diprospan+5-FU) 5-FU+Nd:YAG) P-value

Age (years) 27.2±6.4 26.5±7.5 26.5±9.5 0.872
Duration (months) 29.8±25.6 29.2±33.6 39.8±26.8 0.557
Erythema score 3.5±0.8 3.7±0.7 3.6±0.8 0.401
Pruritus score 3.4±0.6 3.3±0.5 3.5±0.7 0.628
Pliability score 3.0±1.1 2.9±1.0 2.9±0.9 0.664

Values are expressed as the mean ± standard deviation. No statistically significant differences were identified between groups (P>0.05). 5‑FU, 
5‑fluorouracil; Nd:YAG, neodymium‑yttrium‑aluminum‑garnet laser.

Figure 1. Representative images of keloid scars at baseline and after three 
months of treatment. Keloid scar from a patient from the diprospan group 
(A) at baseline and (B) after treatment, a patient from the diprospan + 5-FU 
group (C) at baseline and (D) after treatment, and a patient from the 
diprospan + 5-FU + neodymium-yttrium-aluminum-garnet laser group (E) at 
baseline and (F) after treatment. 5‑FU, 5‑fluorouracil.

Figure 2. Response of keloid scars to the treatments at 3 months, as determined 
by patient self-assessment. 5-FU, 5-fluorouracil; Nd:YAG, neodymium- 
yttrium-aluminum-garnet laser.

Figure 3. Response of keloid scars to the treatments at 3 months, as 
determined by a blinded observer. 5‑FU, 5‑fluorouracil; Nd:YAG, neodymium‑ 
yttrium-aluminum-garnet laser.
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all) (Fig. 5). A progressive increase in lesion malacia was also 
observed. At the third month of the study, the pliability score 
in the diprospan + 5‑FU + Nd:YAG group was significantly 
lower than that in the diprospan and diprospan + 5-FU groups 
(P<0.05 for each) (Fig. 5).

Pruritus. The severity of pruritus was significantly reduced 
among all the study groups at all time-points when compared 
to that at baseline (P<0.05 for all) (Fig. 6). At the second and 
third month, there was a statistically significant reduction 
in pruritus score in the diprospan + 5-FU + Nd:YAG group 
when compared with that in the diprospan group (P<0.05). At 
the same visit, the percentage of itch reduction in the dipro-
span + 5‑FU + Nd:YAG group was significantly higher than 
that in the diprospan group (P<0.05).

Adverse events. Almost all injections were painful. In the dipro-
span group, 36% of patients experienced a certain degree of skin 
atrophy and telangiectasia. In the diprospan + 5-FU + Nd:YAG 
group, the site treated by Nd:YAG became purpuric, which 
lasted for 7-10 days. Neither adverse textural nor pigmentary 
alterations were observed in the diprospan + 5-FU or the dipro-
span + 5-FU + Nd:YAG group. Ulcers or erosions were also not 
observed.

Discussion

The efficiency of corticosteroid injection for keloid treatment 
has been well documented. Over the years, various potent 
glucocorticoids such as dexamethasone (15), triamcinolone (16) 
and betamethasone (17) have been used for intralesional injec-
tion as a treatment for keloids. An ideal preparation should 
rapidly take effect, while also having long-lasting effects. 
Therefore, a combination of long- and short-acting glucocorti-
coids is able to achieve improved effects. It has been reported 
that injection of a mixture of dexamethasone (short-acting) and 

triamcinolone (long-acting) is able to achieve ideal results in 
periorbital hemangioma (18). Diprospan used in the present 
study is a formulation containing the short-acting betametha-
sone disodium phosphate and the long-acting betamethasone 
dipropionate. Soluble betamethasone disodium phosphate acts 
shortly after injection, whereas betamethasone dipropionate 
is stored in the body and is absorbed slowly, thus providing 
a long-lasting (3-4 weeks) effect. Furthermore, diprospan is a 
convenient compound instant for use.

In the present study, treatment with intralesional dipro-
span alone achieved a statistically significant decrease in 
keloid-associated pruritus and erythema, and improved 
pliability, compared with baseline. In addition, subjective and 
objective improvements in keloid appearance were also noted 

Figure 4. Effect of the keloid scar treatments on erythema in the three groups. 
*P<0.05. 5-FU, 5-fluorouracil; Nd:YAG, neodymium-yttrium-aluminum- 
garnet laser.

Figure 5. Effect of the treatments on keloid scar toughness in the three groups. 
*P<0.05. 5-FU, 5-fluorouracil; Nd:YAG, neodymium-yttrium-aluminum- 
garnet laser.

Figure 6. Effect of the treatments on pliability of treated keloid scars in the 
three groups. *P<0.05. 5‑FU, 5‑fluorouracil; Nd:YAG, neodymium‑yttrium‑ 
aluminum-garnet laser.
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in patients treated with intralesional diprospan. In line with a 
previous study, the present study further confirmed that the 
intralesional corticosteroid injection is an effective method 
to treat keloid scars (19). Numerous mechanisms by which 
corticosteroids influence scar formation have been reported, 
including reduction of fibroblast proliferation, suppression of 
components involved in the inflammatory response, attenu-
ation of pro-collagen and ground substance synthesis, and 
decreased endothelial budding (6). Despite the benefits of 
intralesional corticosteroids, several adverse effects have 
been reported, including altered pigmentation, telangiec-
tasia, skin atrophy, injection pain, ulceration and cushingoid 
habitus (20). It has been suggested that the combined use of 
intralesional 5-FU and low-dose corticosteroid may lead to 
fewer intolerable side effects when compared to intralesional 
corticosteroid monotherapy (10).

When compared with the diprospan group, the dipro-
span + 5-FU combination was more effective and provided 
a more rapid response. The results of the present study are 
consistent with those of previous ones, one of which reported 
that the effectiveness rate of 5-FU injection alone was 62.5%, 
whereas the effectiveness of combined 5-FU and glucocor-
ticoids was significantly higher at 92% (21,22). Intralesional 
5-FU is generally well tolerated. The frequently encountered 
adverse effects include pain at the injection site, ulceration, 
burning and hyperpigmentation (23-25). Systemic injection of 
5-FU can cause anemia, leukopenia and thrombocytopenia. 
However, intralesional injection of up to 25 mg of 5-FU or 
even a high dosage do not lead to these systemic complica-
tions of 5-FU (10,23).

In 1984, Abergel et al (26) reported the first clinical trial 
and an in vitro study that showed a reduction of collagen 
production after Nd:YAG laser treatment. A clinical study 
from 1988 by Sherman and Roselfeld (27) also reported that 
Nd:YAG laser decreases redness and induration. Although the 
585-nm pulsed-dye laser (PDL) has been widely employed to 
treat scars by harnessing the effect of coagulation, the signifi-
cance of long-pulsed Nd:YAG laser in keliod treatment has 
been recognized. The limited penetration depth of the yellow 
light emitted by PDL may also induce a resistance to further 
PDL treatment due to optical absorption and scattering in the 
epidermis and dermis at a depth of 1-2 mm (28). Thus, deeper 
vessels can be selectively treated by the 1,064-nm Nd:YAG 
laser (29,30). Indeed, due to its deeper penetration and lower 
absorption by hemoglobin, the 1,064-nm Nd:YAG laser has 
proven to be a more useful light source for the treatment 
of deeper or thicker vascular lesions than the tradition-
ally used short-wavelength light sources. In a recent study, 
Koike et al (4) determined the efficiency of contact‑mode 
1,064-nm Nd:YAG laser for treating keloids and hypertrophic 
scars. They did not find any deterioration in the hypertrophic 
scars or keloids, and three of the 34 anterior chest keloids 
(8.8%) did not show any response. Six months after the 
cessation of laser treatment, 1 of the abdominal hypertrophic 
scars (4%), 18 of the anterior chest keloids (52.9%), 5 of the 
upper arm keloids (35.7%) and 4 of the scapula keloids (25%) 
occurred again. Therefore, the efficacy of long‑pulsed Nd:YAG 
laser should be improved when it is used to treat keloids. The 
results of the present study revealed that the combined dipro-
span + 5-FU + Nd:YAG treatment protocol showed higher 

efficacy over diprospan and diprospan + 5‑FU treatment. The 
results suggested that the combined application of 1,064-nm 
Nd:YAG laser and drug injection for keloid treatment can 
achieve better clinical outcomes than conventional ones. 
Another main benefit derived from the pre‑treatment with 
Nd:YAG laser was the product of an immediate oedematous 
reaction, which facilitated the placement of the intralesional 
drug injection, and consequently minimized extralesional 
osmosis and subsequent atrophy. It also reduced the pain 
associated with drug injection, probably due to the lower 
amount of pressure required for injection.

A main shortcoming of the present study was the short 
follow-up period, i.e. only three months. As Manuskiatti 
and Fitzpatrick reported that continuous improvement 
was maintained for 10-12 weeks in their study (31). It is 
likely that multiple successive laser treatments and a long 
follow-up time may be essential for achieving and identifying 
a better clinical response. In the present study, the dipro-
span + 5-FU + Nd:YAG combination was more effective than 
diprospan and diprospan + 5-FU, and the laser group also 
showed a more rapid response with less side effects. These 
findings thus suggested that laser treatment and combined 
drug injection may have a synergistic effect on keloid scars.

In conclusion, to the best of our knowledge, the present 
study was the first randomized clinical study to compare 
the effects of combined diprospan + 5-FU + Nd:YAG with 
diprospan alone or with diprospan + 5-FU in the treatment 
of keloid scars. Subjective as well as objective assessments 
showed marked improvements in all measures. The effects in 
the diprospan + 5‑FU + Nd:YAG group were more significant 
than those of any other treatment. The preferred approach 
was the diprospan + 5-FU + Nd:YAG combination, as it was 
proven to be the best therapy for the treatment of keloid scars.
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