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Research

The pathogenesis of keloids remains controversial.
Although there is a lack of consensus about an
ideal standard therapy, there is a significant need

for an effective treatment protocol because keloids are
common and tend to recur.1-12 The incidence of keloids
is reported to be 4.5% to 16% in darker-skinned individ-
uals.3,4 Traditionally, intralesional triamcinolone has
been the mainstay of keloid treatment, in conjunction
with reexcision and adjuvant therapies such as radiation
and compression. Here, we study the efficacy of intrale-
sional injection of 5-fluorouracil (5-FU) combined with
triamcinolone in treating keloids.

Conventional therapy for keloids may yield a frustrat-
ing number of recurrences. Intralesional steroid injection
combined with excision has resulted in efficacy rates
ranging from 58% to 93% in several studies.2,5,6,8

Despite the vast array of keloid therapies, there are still a
significant number of treatment failures and a substan-
tial inconsistency in the reproducibility of results. In
addition, the side effects of steroid injections are com-
mon and significant. Telangiectasias, hypopigmentation,
and skin atrophy had a reported incidence of 37% in
one study.11 Alternative therapies, such as laser or radia-

tion therapy, require significant hardware. The ideal
treatment would have a low side effect profile and be
cost effective and easy to administer without the need of
elaborate hardware.

The interest in antineoplastic agents as a therapeutic
modality is logical, because keloids have been shown to
exist in a hypermetabolic state.9,12 Both in vitro and in
vivo studies have confirmed that 5-FU inhibits collagen
synthesis.13-17 There are a number of clinical reports in
the literature regarding the efficacy of various antineo-
plastic drugs on modification of scarring.16,18-20 However,
many of these studies have either limited follow-up or
small treatment numbers.11,16,21-35

In an effort to find an alternative to intralesional tri-
amcinolone, which caused significant skin atrophy, we
investigated a 5-FU/steroid mixture. Our hypothesis was
that the combination 5-FU/steroid mixture is superior for
the treatment of keloids and reduces side effects. To our
knowledge, there have been no quantitative long-term
studies comparing 5-FU to triamcinolone.

METHODS
This study was conducted after institutional review
board approval. Charts were reviewed for patients who
received either a combination of 5-FU and triamcinolone
or steroids alone from 1999 to 2006. All treatments were
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performed by the senior author (SPD). The follow-up
period ranged from 6 months to 6 years (Table). Patients
were stratified into 3 groups: (1) combination 5-FU/
triamcinolone without excision; (2) combination 5-FU/
triamcinolone with excision; and (3) triamcinolone injec-
tion with excision. Patients who received triamcinolone
excision were randomized as a group of consecutive
patients during the study period. Patients who received
5-FU/triamcinolone without excision were not random-
ized in this study because they were deemed as inappro-
priate candidates for surgical excision (by SPD). Because
there were only a small number of patients who received
triamcinolone injections alone, this group was excluded
from the study.

For patients undergoing keloid excision, injections
were performed intraoperatively and repeated at 2, 4, and
6 weeks postoperatively. Nonsurgical patients received
injections at an average of 4-week intervals. Because the
treatment of keloids is multifactorially determined, the
antineoplastic agent was varied and other modalities
were used equally among the groups. A mixture of 75%
5-FU and 25% triamcinolone was used; 0.1 mL of solu-
tion per centimeter of lesion was injected. However, if
steroid-related side effects were noted, the steroid con-
centration was reduced from 40 mg/mL to 10 mg/mL.

Charts were reviewed for percentage change in lesion
size and evolution of symptoms, including pain and pru-
ritus. Adverse effects such as thinning and telangiec-
tasias were documented. Results were evaluated by an
independent biostatistician applying analysis of variance
(ANOVA) and �2 analysis with S-Plus software (version
4.5; MathSoft, Inc., Needham, MA).

RESULTS
A total of 94 patients with 102 keloids were identified.
Fifty-two keloids were treated with an intralesional injec-
tion of combination 5-FU/triamcinolone without exci-
sion. Twenty-four keloids were treated with combination
5-FU/triamcinolone with excision. Twenty-six keloids
were treated with triamcinolone with excision.

Patients who underwent the 5-FU/steroid combination
with excision had a 92% average reduction in lesion size
compared with 73% in those patients who did not receive
5-FU. Patients who received intralesional 5-FU/steroid
without excision had an average size reduction of 81%

(Table). These comparison values were statistically signifi-
cant (P = .05) based on ANOVA.

Pair wise t tests were performed afterward, yielding
the following point estimates for group differences: (1)
triamcinolone + excision versus 5-FU + triamcinolone 
(t = -1.0756; degree of freedom [df] 5 76; P = .2855;
confidence interval [CI], -0.23–0.07); (2) 5-FU + triam-
cinolone versus 5-FU + triamcinolone + excision 
(t = -2.5011; df = 74; P = .0146 ; CI, -0.20–0.02); and
(3) triamcinolone + excision versus 5-FU + triamci-
nolone 1 excision (t = -2.0181; df = 48; P = .0492; 
CI, -0.38–0.0007).

When comparing patients who underwent surgical
excision, there was a statistically significant reduction in
keloid size if 5-FU was added to the triamcinolone injec-
tion (P = .0492).

Of the 76 keloids treated with 5-FU (either with or
without excision), 26 were painful (34%) and 27 present-
ed with pruritus (36%). Pain resolved in 92% of these
cases, with 2 patients reporting mildly increased pain
after treatment. Pruritus resolved in 93% of patients,
with 1 patient reporting no change and 1 patient report-
ing increased pruritus. There were not enough patients
with these pretreatment symptoms in the steroid only
group to present a significant comparison group.

The incidence of adverse effects in all patients who
received 5-FU treatment was 23% as compared with
15% in the steroid only group. However, this difference
was not statistically significant (P = .37) based on �2

testing. The most common adverse effect in both groups
was the development of telangiectasias. Representative
cases of the more intractable keloids in this study group
are presented in Figures 1 through 6, comprised of
patients that failed previous triamcinolone, excision, and
radiation therapy and patients manifesting adverse
effects with the treatment regimen.

DISCUSSION
Keloids are a common and difficult problem to treat. A
wide variety of modalities have been used to treat
keloids, reflecting a lack of consensus on an ideal regi-
men. Previous attempts to modulate wound healing with
interferon had failed with greater efficacy of steroid
alone.36 However, triamcinolone has several shortcom-
ings. Keloid recurrence is significant, and a review of the

Table. Scar reduction by amount of follow-up time

Follow-up
6 mos–2 yrs 2–4 yrs 4–6 yrs Overall

Percent scar reduction with 5-FU/triamcinolone  84% (n = 18) 82% (n = 19) 78% (n = 15) 81% (n = 52)
without excision

Percent scar reduction with 5-FU/triamcinolone 95% (n = 9) 92% (n = 9) 90% (n = 6) 92% (n = 24)
with excision

Percent scar reduction with triamcinolone with excision 78% (n = 8) 74% (n = 13) 67% (n = 5) 73% (n = 2)

5-FU = 5-fluorouracil.
Overall comparison values were statistically significant (P = .05) based on analysis of variance.
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A B

C D

Figure 1. A, C, Preoperative views of a 43-year-old man with recurrent keloids on both sides of the jaw line. B, D, Postoperative views 20 months
after successful treatment with surgical excision, injection of combination 5-fluorouracil and triamcinolone, and single-dose 800 cGy radiation. A
total of 5 injections were administered. 

A B

Figure 2. A, Preoperative view of a 35-year-old man presenting with recurrent keloids after failed excision, triamcinolone, and radiation treat-
ments. B, Postoperative view 6 months after excision, 5-fluorouracil and triamcinolone injection, and single-dose 800 cGy radiation. A widened
scar resulted from postoperative wound dehiscence, but there is no evidence of keloid recurrence at 6 months.
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literature yields an inconsistent range of success rates.
The senior author (SPD) began using 5-FU in 1999 in
patients that failed traditional intralesional triamci-
nolone, excision, and radiation therapy. The results of
this study appear to support anecdotal observations of
improved efficacy using 5-FU.

The specific pathogenesis of keloids remains contro-
versial. However, their hypermetabolic nature, which
yields abnormally high levels of collagen, makes anti-
neoplastic agents an appealing treatment option.9,10,12 A
study by Bulstrode et al.15 revealed that 5-FU selectively
inhibits collagen synthesis. 5-FU interrupts both DNA
and RNA synthesis at several levels, including the inhibi-

tion of thymidylate synthetase and the production of tox-
ic metabolites.15,37-39

There are a number of clinical studies on the efficacy
of 5-FU in keloid treatment that revealed promising
results.11,21,23,25-27,29,34 Fitzpatrick23 was the first to pub-
lish an anecdotal report of a vast experience with 5-FU,
although there are no quantitative data or control group
presented. Fitzpatrick’s regimen used a 9:1 ratio of 5-FU
to steroid. The small concentration of triamcinolone
does not have any additive therapeutic effect, but
Fitzpatrick stated that it reduces the side effect of erythe-
ma that may occur with pure 5-FU injection. One recent
prospective study revealed a statistically significant

A B

Figure 3. A, Preoperative view of a painful keloid located on the chest of a 48-year-old woman. B, Postoperative presentation 30 months after
excision, Integra, and staged full-thickness skin graft with intralesional 5-fluorouracil and triamcinolone and single-dose 800 cGy radiation. The
pain completely resolved and the scar is stable.

A B

Figure 4. A, Pretreatment view of a very painful and pruritic keloid, with intermittent excoriations and breakdown from scratching, on the chest of
a 79-year-old woman. B, Posttreatment view 7 months after intralesional 5-fluorouracil/triamcinolone was administered weekly for the first 3
weeks, then every 6 weeks for a total of 6 injections. The pain and severe pruritus have resolved with flattening of the keloid.

 by guest on April 5, 2011aes.sagepub.comDownloaded from 

http://aes.sagepub.com/


44 • Volume 29 • Number 1 • January/February 2009 Aesthetic Surgery Journal

improvement in efficacy of 5-FU over triamcinolone.11

However, patient follow-up in this study was limited to
12 weeks, which is grossly inadequate because keloids
can recur from months to years after treatment.

Several studies have shown 5-FU to be a safe treat-
ment although it should be avoided in pregnant
women.16,21,24-26,29,34,40 5-FU was used in 1 pediatric
patient in this study, without any adverse effects, with

A B

Figure 5. A, Preoperative view of a painful, recurrent keloid located in the left posterior auricular region in a 16-year-old male. B, Postoperative
results 5 months after surgical excision and combination 5-fluorouracil/triamcinolone. The pain has completely resolved, but there is an area of
early recurrence that will require additional injections.

A B

Figure 6. A, Pretreatment view of a recurrent keloid in the lower back of a 25-year-old woman who had undergone previous treatment with exci-
sion, radiation, and steroid injection. B, Posttreatment view 16 months after undergoing 4 serial injections of a mixture of 75% 5-fluorouracil/25%
triamcinolone. Although there is regression of the keloid, there are scattered areas of dermal atrophy and telangiectasia that are representative of
the most common type of adverse effect seen with this regimen.
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approval from the Lombardi Cancer Center Department
of Pediatric Oncology.

There is a broad range of reported dosing intervals,
from several injections per week to once a month.
Examining the basic science literature, a paper by
Occleston40 has shown that type I collagen, fibronectin,
and cell migration were inhibited by 5-FU for 48 days.
An in vivo study by Uppal et al.34 suggests that the effect
of 5-FU on fibroblasts is apparent at 4 weeks posttreat-
ment, although this finding was not statistically signifi-
cant because of the small test group of patients. These
findings suggest a standard dosing regimen spaced 4
weeks apart may be an appropriate starting point for
efficacy trials.

Regarding the incidence of adverse effects, there was
no statistically significant difference between the 5-FU
and steroid only groups. However, one could speculate
the telangiectasias in the 5-FU group were likely caused
by the steroid component. Nanda et al29 prospectively
studied the use of pure 5-FU on keloids and did not have
any occurrence of hypopigmentation or telangiectasias.
This reduced side effect profile warrants further evalua-
tion of 5-FU. Adverse affects may be decreased by reduc-
ing the steroid component and using a 9:1 mixture as
advocated by Fitzpatrick.23

CONCLUSIONS
The results of this study suggest that 5-FU in combina-
tion with triamcinolone may be superior to triamci-
nolone alone. Although this study is limited by its
retrospective nature, this review, the supporting basic
scientific data, and anecdotal observations warrant clos-
er investigation. The success of 5-FU in those cases that
failed steroid treatment is particularly significant. The
goal is to establish an ideal mixture of 5-FU and triamci-
nolone that maintains efficacy while minimizing side
effects likely related to the steroid component. We are
currently conducting a prospective, controlled random-
ized study using combination 5-FU/triamcinolone with
various dosing schedules to establish an optimal regi-
men. Long-term prospective randomized studies are
needed in the area of keloid treatment. ◗
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