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Aim: To investigate the new risk factors for keloid recurrence after postoperative electron beam radiother-
apy (RT) and evaluate the effectiveness of tranilast in combination with electron beam RT by comparing
the local control rate.

Background: Identifying patients at high risk of recurrence after postoperative RT for keloids remains a
challenge. Besides, no study examined the effectiveness of tranilast in combination with RT after surgery
for the prevention of keloids recurrence.

Ilfgggrds" Materials and Methods: This study included 75 lesions in 59 consecutive patients who had undergone
hypertrophic scar postoperative RT at our institute. The follow-up period and prescription of tranilast were examined
radiation beside several potential risk factors, such as multiple lesions, size, and shape.

tranilast Results: The median follow-up was 72 months (range, 6-147 months). Twenty-one lesions in 17 patients

recurred in a median of 12 months after treatment (range, 1-60 months). Local control rates of all 75
lesions were estimated as 93%, 78%, 70%, and 68% at 1, 2, 5, and 10 years. Multiple lesions constituted a
significant risk of recurrence (P=0.03). A larger long axis was significantly related to the recurrence (P
< 0.01). Irregular shape was associated with a significantly worse local control rate (P=0.02). There was
no significant difference in the local control rate between patients receiving tranilast and those who did
not (P=0.52).
Conclusions: Multiple lesions and irregular shape were risk factors of keloid recurrence after postoperative
electron beam RT. The effectiveness of tranilast was not demonstrated in the study.

© 2020 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights reserved.

1. Introduction

The efficacy and safety of radiation therapy (RT) following surgi-
cal excision for keloids are well documented in literature.'~1® More
recent studies have reported that the recurrence rate is approx-
imately 10-20% or less after RT following surgical excision.!>~18
Despite several reports about risk factors of recurrence,!-#:9-10.19
identifying patients at high risk of recurrence after postoperative
RT with surgery for keloids remains a challenge.

The studies so far have revealed that the risk factors of recur-
rence include large lesion,’* lesions that developed in site with
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high stretch tensions,!:> history of previous treatment for the
lesions,>** family history of keloids,> and lesions resulting from
burns® or complicated by infection.”? In contrast, ethnicity?*
and individual keloid history?> may not be risk factors. Age,'~3
gender,'>* and interval time from surgery to RT':>* have
remained to be controversial risk factors. There is a report that
revealed that surgery methods may be associated with local control
after RT following surgical excision.'

Meanwhile, no report was found that referred to the relationship
between preoperative pain or pruritus and keloid recurrence after
RT with surgery. Keloid has been described as a result of chronic
inflammation.2? Pain and pruritus are symptoms of local inflam-
mation, and the presence or absence of pain or pruritus before
treatment may be related to keloid recurrence. Moreover, there is
no study that investigated the relationship between hypertension
and keloid recurrence after surgery followed by RT, although high
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blood pressure has been suggested to be involved in the local keloid
severity.?!

Regarding prevention of keloid recurrence, tranilast (Rizaben®)
is approved in some countries including Japan and Korea.?? Trani-
last suppresses collagen synthesis in fibroblast by downregulating
transforming growth factor beta 1.2 Tranilast has been reported
to show a significantly better symptom improvement than hepari-
noid in a double-blind comparative study.?* However, there is no
study that investigated the efficacy of the combined use of RT and
tranilast after surgery for the prevention of keloid recurrence.

This study aimed to examine the local control rate of keloid after
electron beam RT following surgery and investigate new risk factors
for keloid recurrence after the therapy, and to assess the effective-
ness of tranilast in combined treatment with electron beam RT for
the prevention of keloid recurrence.

2. Materials and Methods
2.1. Patients

A total of 85 lesions of clinically diagnosed keloid or hyper-
trophic scar in 67 patients were treated with electron beam RT
following surgical excision at our institute between 2006 and 2017.
The indication for postoperative RT was determined for each case
by plastic surgeons. Medical records were reviewed, and patients
were asked to answer questions about recurrence or late adverse
events by phone call. A follow-up period shorter than 6 months
was considered as the exclusion criterion. According to this crite-
rion, 10 lesions in 9 patients were excluded from the study. There
was one patient with 2 lesions, with one lesion being followed up
for more than 6 months and the other being followed up for less
than 6 months. Consequently, this study included 75 lesions in 59
patients. The sites of the 75 lesions were as follows: earlobe (n=35),
chest wall (n=11), shoulder (n=10), abdomen (midline, n=3; oth-
ers, n=7), face (n=>5), suprapubic region (n=2), upper arm (n=1),
and back (n=1).

Gender, age, whether having single or multiple (> 2) keloid
lesions, family history of keloids or hypertrophic scar, and presence
or absence of hypertension were examined as the characteristics of
the patients. Patients were considered to have hypertension when
they were prescribed with antihypertensive drugs. The number
of patients with the abovementioned characteristics is shown in
Table 1, with the local control rates presented in the Results section.

The definition of recurrence was as follows: (1) when the patient
answered that the keloid or hypertrophic scar had relapsed or (2)
when the plastic surgeon examined the lesion and found out that
the lesion became larger than before the surgical excision.

This retrospective study was approved by the ethics board of
our institute (approval number, 2018-30 and 2018-40). The need
for informed consent was waived, and opt-out was implemented.
The study procedures were performed in accordance with the Dec-
laration of Helsinki.

2.2. Keloid lesions

The following were investigated as features of the lesions;
length of the longest axis, site, etiology, age of onset, regular or
irregular in shape, presence of pain or pruritus, history of previ-
ous surgery for the keloid or hypertrophic scar, and the presence
or absence of tranilast prescription and the length of time that
tranilast was prescribed after postoperative RT. Table 2 shows the
number of lesions classified based on the characteristics, with the
local control rates presented in the Results section.

The median length of the longest axis was 2.4cm (range,
0.8-18 cm). The recurred lesions had significantly longer diameter

(mean, 4.24 cm; 95% CI, 3.3-5.2) than nonrecurred lesions (mean,
2.67 cm; 95% (I, 2.0-3.3) (P< 0.01). The lesions were divided into
two groups based on the length of the longest axis of 4.3 cm, the
approximate mean diameter of the long axis of recurred lesions.

The chest wall, shoulder, and abdominal midline were classified
as sites with high stretch tension, while other sites were classi-
fied as sites with low stretch tension. The shape of the lesion was
evaluated in accordance with the Japan Scar Workshop Scar Scale
2011 (please see http://www.scar-keloid.com/pdf/JSW_scar_scale_
2011_EN.pdf?>) or 2015.26 The etiology consisted of either a large
or small scar.

2.3. Radiotherapy and tranilast prescription

Electron beam RT was performed using Monaco version 5.11
(Elekta AB, Stockholm), Eclipse version 7.3.10 (Varian Medical Sys-
tems, California), or Pinnacle3 version 9.10 (Philips, Amsterdam).
Energy and depth of dose prescription were adjusted for each case
to achieve optimal dose distribution. The 4 MeV electron beam was
administered to 15 lesions, 6 MeV was administered to 42 lesions,
and 9 MeV was administered to 18 lesions. RT was performed using
Versa HD (Elekta AB) or Clinac 21EX (Varian Medical Systems). To
improve the surface dose, 0.5 cm bolus was used in 54 lesions, while
the bolus was not used in 21 lesions without enough space.

RT was usually started on the day of surgery or the next day. RT
regimens of a total of 15 or 20 Gy in 5 Gy per fraction were used
in most cases. Irradiation was delivered daily. A total regimen of
20 Gy was administered in lesions that seemed likely to recur on
the consensus made by the treating radiation oncologist and plastic
surgeon. A regimen of 10 Gy in 1 fraction was administered to one
lesion according to the patient’s request.

As prophylactic treatment after RT following surgical excision,
tranilast was orally administered 100 mg three times a day, every
day. The prescription period varied from case to case depending
on the plastic surgeon’s discretion. Tape fixation, local injection,
and ointment use after postoperative RT were not evaluated in this
study because their accurate survey was difficult.

2.4. Statistical analyses

The Student’s t-test was used for the analysis of continuous
variables. The chi-squared test and Fisher’s exact test for discrete
variables were used to compare proportions. The Kaplan-Meier
method was used to estimate local control rates. The log-rank test
was used to compare local control rates between groups. P-values
of < 0.05 were considered statistically significant. All statistical
analyses were performed using JMP version 12.0.1 software (SAS
Institute, North Carolina).

In order to reduce the influence of bias, analyses were per-
formed with the lesion first treated in the patients (59 lesions in 59
patients) in the categories of gender, family history, keloid lesions,
and hypertension. In the remaining categories, analyses were per-
formed with all the lesions (75 lesions in 59 patients).

3. Results
3.1. Patients’ characteristics and local control rate

Fifty-nine patients with a median age of 28 years (ranging from
11 to 90 years) were included in this study. The age at initial
RT course was adopted for patients who underwent more than
2 courses of RT. The median follow-up period was 72 months
(range, 6-147 months). Twenty-one lesions in 17 patients recurred
in a median of 12 months after electron beam RT following sur-
gical excision (range, 1-60 months). No patient suffered from late
adverse events including cancer development.
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Table 1
Patient characteristics and local control rate.
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Local control rate

Category (n) 1year (%) 2 years (%) 5 years (%) 10 years(%) P-value

First treated lesion in the patient (59) 91 78 69 66

Gender
Male (24) 88 62 62 56 0.11
Female (35) 94 88 73 73

Family history
Yes (11) 82 70 47 47 0.19
No (44) 93 88 73 69

Keloid lesions
Single (26) 92 88 83 83 0.03
Multiple (30) 90 68 54 50

Hypertension
Yes (8) 100 86 86 64 0.72
No (51) 90 76 66 66

Family history in 4 patients and whether having single or multiple lesions in 3 patients were not assessed because the patients could not be contacted by phone call and the

records were inadequate.

Table 2
Lesion characteristics and local control rate.

Local control rate

Category (n) 1year (%) 2 years (%) 5 years (%) 10 years (%) P-value

All lesions (75) 93 78 70 68

Longest axis?, cm
<4.3(54) 94 84 75 75 0.03
>4.3(19) 89 61 52 42

Site
High stretch tension (24) 92 78 72 66 0.91
Low stretch tension (51) 94 79 68 68

Earlobe keloid
Yes (35) 100 86 76 76 0.13
No (40) 87 71 64 60

Etiology®
Large scar (30) 93 87 78 73 0.30
Small scar (45) 93 72 63 63

Age of onset, years
<29(48) 92 77 66 66 0.29
>30(25) 96 88 83 76

Shape
Regular (36) 97 94 80 80 0.02
Irregular (37) 89 63 59 54

Pain or pruritus before treatment
Yes (44) 98 79 66 63 0.83
No (15) 80 66 66 66

History of previous surgery for the lesion
Yes (34) 100 94 83 83 0.03
No (36) 86 67 64 59

Total radiation dose
15Gy (61)or 10Gy (1) 94 77 69 66 0.64
20Gy (13) 92 85 74 74

Interval day from surgery to RT, day
0(35) 90 78 69 63 0.64
> 1€ (40) 95 79 70 70

Tranilast prescription
Yes (62) 92 78 68 65 0.52
No (10) 100 78 78 78

RT =radiotherapy.
The total number of lesions in some categories may not be 75 due to lack of data.

3 The cutoff value was determined as 4.3 cm, which was an approximation of the mean of the recurred lesions.
b Large scar includes surgical wound, while small scar includes piecing, insect bite, or acne. No lesion was derived from burns.
¢ Among the 40 lesions in this group, 38 lesions were treated with RT the next day of the surgical excision. One of the remaining two lesions received RT 6 days later and

the other 10 days after surgery considering the patient’s circumstances.

Table 1 shows patient characteristics and local control rates, and
Fig. 1 presents a part of the results in Table 1. Of the lesions first
treated in the patients (59 lesions in 59 patients), 1-year, 2-year, 5-
year, and 10-year local control rates were 91%, 78%, 69%, and 66%,
respectively.

Local control rate of lesions in patients with multiple lesions was
significantly worse than those in patients with single lesion (P=

0.03) (Fig. 1). The patients with multiple lesions had family history
at significantly higher rate than patients with a single lesion (10 of
29 vs. 1 of 25, P< 0.01).

The mean age of patients with hypertension (67 years, 95%
confidence interval [CI], 57.5-78.0) was significantly higher than
patients without hypertension (30 years, 95% CI, 26.8-35.0)
(P < 0.01). There was no significant difference in local
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Fig. 1. Kaplan-Meier curves of local control rate in patients with single or

control rates between patients with or without hyperten-
sion.

3.2. Lesions’ characteristics and local control rates

Table 2 shows the lesion characteristics and local control rates,
and Fig. 2 presents a part of the results in Table 2. The local control
rates of all 75 lesions were estimated as 93%, 78%, 70%, and 68% at
1year, 2 years, 5 years, and 10 years, respectively. Pathologically,
29 lesions were diagnosed with keloid (n=26) or hypertrophic scar
(n=3). The remaining lesions were clinically diagnosed. There was
no lesion that was clinically diagnosed as keloid or hypertrophic
scar but was pathologically denied.

Lesions with the longest axis < 4.3 cm had significantly better
local control rate than lesions with longest axis > 4.3 cm (P= 0.03).
There was no significant difference in local control rate between
the site with high and low stretch tension. The lesions at the high
stretch site were more likely to receive a total of 20 Gy (33%, 8/24)
irradiation dose than lesions at the low stretch site (10%, 5/51) (P =
0.01). When classified by earlobe (6%, 2/35) or non-earlobe keloids
(28%, 11/40), there was a significant difference in the proportion of
lesions that received a total of 20 Gy irradiation dose as well (P =
0.01).

Regarding shape, both regular and irregular occupied about a
half. Irregular shape was significantly related to keloid recurrence
(P = 0.02). Almost half of the lesions had received surgery before,
and the history of previous surgery for the lesions was significantly
related to good local control rate (P = 0.03). Patients with earlobe
keloid had a history of previous surgery for the lesion at a sig-
nificantly higher rate (78%, 25/32) than patients with non-earlobe
keloid (24%, 9/38) (P < 0.01).

Total radiation dose and interval day from surgery to RT (the
same day or the next day) were not significantly related to local
control rate after treatment. A patient with earlobe keloid who
underwent RT of 10Gy in 1 fraction did not have local recurrence
during the 6-month follow-up period. A patient who underwent RT
6 days after the surgery for earlobe keloid had no recurrence during
the 16-month follow-up period, while a patient who underwent RT
10 days after the surgery for a chest wall lesion had local recurrence
at 47 months after treatment.

The median duration of tranilast prescription was 4 months
(range, 1-12 months) for 62 patients who were prescribed tranilast.
There was no significant difference in the local control rate with or
without tranilast prescription.

Fig. 1 and Fig. 2 show the Kaplan-Meier curves of local control
rate from univariate analyses. Evaluation of hazard ratio with mul-
tivariate analysis was not performed in this study because there
were only 21 cases of recurrence, and spoiling reliability by over-
fitting was a concern.
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multiple keloid lesions and in patients with or without hypertension.

4. Discussion

This study investigated the risk factors for keloid recurrence
after electron beam RT following surgical excision and assessed
the effectiveness of tranilast in combined treatment with electron
beam RT after surgery. Multiple keloid lesions and irregular shape
were found to be significant risk factors of recurrence. The length of
the longest axis was confirmed to correlate with keloid recurrence.
The lack of previous surgery for keloid lesions was associated with
a significant worse local control rate contrary to past reports. Pain
or pruritus before treatment, complication of hypertension, and
tranilast prescription were newly evaluated in this study whether
these were risk factors for keloid recurrence; however, these were
not significant in predicting keloid recurrence after postoperative
electron beam RT.

Local control rate of all lesions gradually declined by unit of
year in this study as reported by other studies.!~3-9 Multiple lesions
were found to be related to a significantly worse local control rate
in the current study unlike in the past report.”? Meanwhile, family
history did not show a significant relationship between the local
control rate contrary to the past study.> However, the number of
patients with family history of keloid was only 11 in the current
study; moreover, local control rate from 2 to 10 years in patients
with family history of keloid was worse by as much as about 20%
than that in the patients without family history of keloids. Further-
more, family history was significantly related to multiple lesions.
Taken together, family history might have been a significant risk
factor if investigated with a large number of patients.

Male patients had a tendency for worse prognosis, congruent
with the findings of other studies,'-* though the difference was not
significant. The relationship between hypertension and keloid local
control after RT with surgery was newly investigated in this study.
In the general population, hypertension is not common among
young patients, and patients with keloids are often young. The
trend was the same for this study cohort. In this regard, the associa-
tion of hypertension and keloid recurrence may have not been fully
assessed in our study. Investigation with a large number of cases
including older patients, therefore, would be necessary to prove the
relationship between hypertension and keloid recurrence.

As in the past studies,'* the size of the recurred lesions after
treatment was larger than nonrecurred lesions. Additionally, irreg-
ular shape was significantly related to the worse local control rate
after treatment in the present study. The irregular shape may allow
clinicians to predict keloid recurrence more easily than keloid size,
because the setting of the cutoff value of the size proposed varied
depending on the studies.

Completely contrary to the past reports,2~ the history of the
previous surgery for the lesion was a good prognostic factor in the
present study. The indication for postoperative RT was assessed
for each case at our institute, and earlobe keloid tended to receive
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Fig. 2. Kaplan-Meier curves of local control rate by lesion characteristics.

only surgical excision at the first time as written in the result sec-
tion. Earlobe keloid showed a tendency for a better local control
than non-earlobe keloid, although the difference was not signifi-
cant. Accordingly, the involvement of selection bias was suspected
to be a result of the relationship between the local control rate and
the previous surgery.

Lesions site with high or low stretch tension was not correlated
with local control rate in the current study, in contrast to the past
reports.'-> The result of the current study may be affected by the
bias involving total radiation dose, because the lesions at the high
stretch site were more likely to receive a total of 20 Gy irradiation
dose than lesions at the low stretch site.

The relationship between interval time from surgery to RT and
keloid local control remains controversial.!->-# The intervals were
classified into the same day and after the next day in the present
study, and this classification may be easier to use in clinical practice
than classification by precise time as done in past reports, yet there
was no significant difference between the interval time and local
control rate in this study.

Tranilast did not show any improvement of local control rate in
the study. The prescription of tranilast was at the discretion of the
plastic surgeon, and tranilast may have possibly been prescribed
for patients with lesions that seemed to be more likely to recur.
Therefore, further investigation would be needed to reach the con-
clusion whether tranilast is effective or not in a combined use with
postoperative RT.

This study had several limitations. The study was conducted at
a single institute with a relatively small sample size. The majority
of lesions were not pathologically diagnosed and were only clini-
cally diagnosed, although this should not be a problem as keloids
can usually be easily diagnosed with only a medical history and
by appearance. Additionally, no differentiation was made between
keloids and hypertrophic scars in the study as it is considered

impossible to perfectly distinguish between them. As this was a
long-term retrospective study, treatment policies including RT reg-
imen were not unified. Furthermore, tape fixation, local injection,
and ointment use after postoperative RT were not evaluated. The
total number of lesions in a patient was not investigated in cases
with multiple lesions due to insufficient records. Regular or irregu-
lar shapes were usually determined subjectively and not based on
quantitative or detailed assessments; however, this may not be a
problem since judging a lesion’s shape is relatively straightforward.
The definition and the timing of recurrence included patient’s own
evaluation. There were two definitions of recurrence with patient
evaluation or plastic surgeon evaluation, and the two evaluations
may not be consistent. Surveys on adverse events also depended on
patient’s own assessment. However, allowing patient evaluations
may be unproblematic since a keloid is not a malignant condition
and is usually treated for patient satisfaction.

5. Conclusions

Multiple lesions and irregular shape were suggested to be the
risk factors for keloid recurrence after postoperative electron beam
RT. The effectiveness of tranilast in a combined treatment with
electron beam RT was not demonstrated in the study. Further inves-
tigation with large population is still needed for optimal treatment
of keloid.
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