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Objectives: To evaluate a sustained release chemotherapy for treating condylomata acuminata
with an injectable gel containing fluorouracil and adrenaline (5-FU/adrenaline gel). Study 1
To assess contributions of the components of 5-FU/adrenaline gel to efficacy. Study 2-To
assess therapeutic contribution of adrenaline and safety and efficacy of the formulations.
Design: Randomised, double blind, placebo controlled studies.
Setting: Private practices and university clinics in the United States.
Patients: Men and women with new, recurrent, or refractory external condylomata acuminata.
Intervention: Six injections over 8 weeks; follow up visits at weeks 1, 4, 8, and 12.
Main outcome measures: Efficacy: patient/wart response, times to complete response, recur-
rence rates. Safety: injection reactions, tissue conditions, other adverse events, laboratory studies.
Results: Study 1: 132 evaluable patients. Complete response (CR) rate was highest for the
5-FU/adrenaline gel group, followed by the 5-FU/adrenaline solution group, then the 5-FU gel
group. 5-FU, adrenaline, and the collagen gel vehicle (in the presence of 5-FU) significantly
affected CR and strongly influenced time to CR. The effects of 5-FU and adrenaline were statis-
tically significant. Cutaneous reactions were mild to moderate. Study 2: 187 evaluable patients.
Patients treated with 5-FU/adrenaline gel had a significantly higher CR rate and lower cumulative
90 day recurrence rate than those treated with 5-FU gel without adrenaline. Treatments were
generally well tolerated, with only three treatment related, serious adverse events.
Conclusion: 5-FU/adrenaline gel is safe and efficacious for treatment of condylomata acumi-
nata, and when compared with individual or various combinations of components, this formula-
tion provided the greatest therapeutic advantage.
(Genitourin Med 1997;73:481-487)
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Introduction
Condylomata acuminata, highly contagious
warts in the genital and perianal region, are
difficult to treat, have high recurrence rates,
and are increasing in incidence.' The disease
remains a therapeutic challenge because cur-
rent ablative and topical treatments yield low
response rates and may lead to adverse events.
The causative agent, human papillomavirus
(HPV) infection, is usually not eradicated by
treatment. While genital condylomata are gen-
erally benign growths, patients are concerned
about the cosmetic appearance of warts, psy-
chosocial issues of having a sexually transmit-
ted disease, the risk of transmission to a sexual
partner, and fears about the association of
HPV infection with cervical cancer.2 There is
no known cure for condylomata acuminata,
and treatment goals are limited to reducing the
visible manifestations of the warts, thereby
leaving the patient susceptible to possible self
reinfection by latent infection as well as serv-

ing as an unwitting transmitter of infection to
sexual partners.3

These are strong motivation factors to seek
improved therapies for condylomata acumi-
nata. We investigated a new method of deliv-
ering chemotherapy (fluorouracil (5-FU))
directly to genital HPV warts as an alternative
to the typical chemotherapeutic modality of
applying topical 5-FU cream,4A which has lim-
ited cutaneous absorption. This novel delivery
system combines 5-FU and adrenaline in an

aqueous gel system (5-FU/adrenaline gel),
using purified bovine collagen as a biodegrad-
able carrier matrix and gellant. Because this
system provides sustained drug availability,
the diseased tissue is exposed to high drug
concentrations for extended periods.9
Intralesional therapy with 5-FU/adrenaline gel
provides an improved therapeutic index, is
under evaluation for treatment of basal cell
carcinoma'001 and squamous cell carcinoma of
the skin,'2 13 and has been explored for treat-
ment of limited plaque psoriasis. 14

This paper describes two phase II studies.
Study 1, a randomised, double blind, con-
trolled trial with 132 patients, had eight treat-
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ment groups consisting of the components or
various combinations of components of the
5-FU/adrenaline gel formulation and was
designed principally to assess the component
contribution to therapy. Study 2 was a ran-
domised, double blind, placebo controlled
trial with 187 patients and three treatment
groups consisting of 5-FU/adrenaline gel,
5-FU gel, and placebo gel. It focused in
greater depth on the therapeutic contribution
of adrenaline to therapy and investigated the
safety and efficacy of the formulations used for
the three treatment groups. Response rates,
times to complete response, and recurrence
rates were evaluated for each treatment formu-
lation.

Methods
PATIENTS
Patients included those who had new, recur-
rent, or refractory external condylomata for at
least 3 months (study 1) or 1 month (study 2)
before the screening visit. No patients who
had received treatment to target sites within 2
weeks of enrolment were admitted to the
study. Also excluded were patients with large
plaques of warts (study 2) or total wart areas
that required more than 3 or 5 ml of
5-FU/adrenaline gel in studies 1 or 2, respec-
tively, and patients with a known sensitivity to
any of the study drugs or components.
Patients received no other condyloma treat-
ment during the trial, but ablative treatment of
internal warts was allowed. They were
required to be in good general health, with
negative human immunodeficiency virus sta-
tus. All patients agreed to use specified meth-
ods of birth control during the study. Women
with high grade cervical dysplasia and those
who were pregnant or lactating were excluded.

Before the first treatment, patients signed
an informed consent approved by the ethics
review board of each study centre. The initial
screening visit involved a complete physical
examination, medical history, a complete skin
examination to assess condylomata, and base-
line laboratory tests (complete blood count,
serum chemistry, urinalysis, HIV antibody
titre, and serum pregnancy test for women).

INVESTIGATIONAL AGENTS
The investigational agent, fluorouracil (5-FU)/
adrenaline (epinephrine) injectable gel
(AccuSite Injectable Gel, Matrix Pharma-
ceutical, Inc, Fremont, CA, USA) is a viscous,
aqueous gel composed of the chemotherapeutic
drug fluorouracil (30 mg/ml), the vasocon-
strictor adrenaline (01 mg/ml), purified
bovine collagen as a carrier matrix, and other
inactive excipients, such as buffering and
osmotic agents. The constituents were mixed
by syringe to syringe transfer just before use.
Study materials were prepared, mixed, and
administered identically for all treatment
groups. In study 1, a saline solution was sub-
stituted for the component(s) not included in
the formulation used in a particular treatment
group, and in study 2, saline was substituted
for the active drug in the placebo formulation.

STUDY DESIGN
The studies were performed in 14 study sites
by clinicians specialising in dermatology,
gynaecology, infectious disease, and urology in
clinics based in teaching hospitals and private
practices in the United States. Studies were
conducted under good clinical practice proce-
dures. All study sites received training for drug
preparation, injection technique, wart mea-
surements, and use of case report forms in
order to ensure standardised experimental
procedures. Study 1 was a randomised, double
blind, controlled trial designed to evaluate the
contribution of each component and consisted
of eight treatment groups. According to a ran-
domisation schedule, patients were assigned to
receive 5-FU/adrenaline gel, 5-FU gel (with-
out adrenaline), adrenaline gel (without
5-FU), gel vehicle alone (placebo gel),
5-FU/adrenaline solution, 5-FU solution,
adrenaline solution, or saline solution. Study 2
was a randomised, double blind, placebo con-
trolled study with three treatment groups.
Patients were randomised to receive 5-FU/
adrenaline gel, 5-FU gel, or placebo gel.
Because the appearances of the test formula-
tions in study 1 were visibly different, one
investigator prepared and administered the
test agent, and another evaluated clinical
response and documented safety and efficacy.
This separation of roles was not necessary for
study 2, in which the formulations were not
visibly different.

In both studies, all condylomata present at
baseline were treated. The dose per wart was
determined at baseline in accordance with a
predetermined dosing schedule based on wart
area. In study 1, the minimum dose of test
agent for warts up to 30 mm2 was 0-2 ml (6
mg of 5-FU, 0-02 mg of adrenaline), and the
maximum weekly dose was 3 ml (90 mg of
5-FU, 0.3 mg of adrenaline), with a maximum
cumulative dose for 5-FU of 540 mg. In study
2, the minimum dose of test agent for warts up
to 30 mm2 was 0.25 ml (7.5 mg of 5-FU,
0.025 mg of adrenaline), and the maximum
weekly dose of test agent was 5 ml (150 mg of
5-FU, 0.5 mg of adrenaline), with a maximum
cumulative dose for 5-FU of 900 mg for up to
a maximum of six treatments. For analysis,
patients in study 2 were stratified into three
groups based on total baseline wart area:
. 55 mm2, 56-100 mm2, and > 100 mm2.
Patients received up to six treatments to be

completed by week 8. At the week 1 follow up
visit, the baseline laboratory tests were
repeated. Follow up visits took place at 1, 4, 8,
and 12 weeks after the last treatment or until
recurrence of disease (> 50% increase in wart
area or wart count from baseline), whichever
occurred first.
The physician injected the investigational

agent intradermally directly under the condy-
loma and surrounding 5 mm of tissue using
a Luer-Lok syringe fitted with a 30 gauge
needle. The needle was inserted approxi-
mately 5 mm from the base of the wart at
about a 45 degree angle, and the agent was
slowly injected underneath the wart. Smaller
warts in close proximity were typically injected
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Table 1 Definition of responses

Responses

Patient Wart

Complete response (CR) 100% decrease of 100% decrease in
cumulative wart area individual wart area
(all warts had to clear)

Partial response (PR) 50 to < 100% decrease 50 to < 100% decrease
of cumulative wart area of individual wart area

None (NR) < 50% decrease of < 50% decrease of
cumulative wart area individual wart area

by tracking the agent under the wart from a
single puncture site. Larger warts were typi-
cally injected from multiple sites. The aim was
to infiltrate the entire space with the study for-
mulation and raise a weal encompassing the
wart and surrounding adjacent tissue.

EFFICACY AND SAFETY EVALUATIONS
Efficacy was defined by wart measurements
(length x width) and number and quality of
responses as outlined in table 1. Duration of
response was defined as the time between
complete response (CR) and observation of
recurrence.

Safety was assessed by documenting imme-
diate injection reactions, specific tissue condi-
tions, and other adverse events and by means
of laboratory studies. The tissue condition at
the treatment site and the adjacent clinically
uninvolved skin were evaluated for the pres-
ence and severity of any cutaneous reactions
from an elicited list of possible tissue con-
ditions, including erythema, swelling, desqua-
mation, hyperpigmentation, erosion, ulcera-
tion, eschar, or necrosis. Brief physical exami-
nations and laboratory evaluations were
repeated after the last treatment as was the
serum pregnancy test for female patients.

STATISTICAL ANALYSES
Study 1 (component contribution eight treatment
group study)
The primary efficacy variables evaluated were
patient response, time to complete response,
recurrence, and time to recurrence. The con-
tribution of 5-FU, adrenaline, and gel vehicle
to patient response was analysed by three
methods: analysis of covariance (ANCOVA)

Table 2 Study 1 and 2: characteristics ofpatient population

Patient characteristics Study 1 Study 2

No treated 132 187
Sex
Male 93 141
Female 39 46

Mean age (year) (range) 33 (17-61) 35 (18-82)
Ethnic origin

White 102 (77%) 164 (88%)
Black 18 (14%) 10 (5%)
Hispanic 9 (7%) 10 (5%)
Other 3 (2%) 3 (2%)

Total no of warts treated 686 858
Site of warts

Penis 51% 65%
Vulvar 21% 14%
Other areas* < 8% < 6%

No of warts per patient
median (range) 4 (1-21) 4 (1-18)

Median baseline total wart area (mM2)
(range) 72-5 (2-450) 56 (1-532)

Median disease duration (months)
(range) 24 (3-288) 24 (1-444)

*Anal, perianal, groin, scrotal, perineal.

on the percentage maximum decrease of total
wart area from baseline; logistic regression on
binary patient response (CR v not CR); and
Cox regression on time to complete response.
Response rates and cumulative recurrence
rates were estimated by the Kaplan-Meier
method.

Study 2 (three treatment group study)
Response rates per patient were calculated as
the percentage of patients in a treatment group
with complete response, partial response (PR),
and non-response (NR) and were compared
across treatment groups using the Mantel-
Haenszel X2 test with baseline total wart area
as a covariate. Complete response rates were
also estimated using the Kaplan-Meier meth-
ods. The Kaplan-Meier method was used to
estimate time to complete recurrence rate and
time to recurrence by treatment group.

Results
For both studies, efficacy was evaluated by per
protocol analyses which included any patients
who completed the clinical trial as designed
per protocol or who dropped out early for a
study related reason. Evaluation of safety was
by intent to treat analyses which included any
patients who were randomised into the study
and received at least one dose of study drug.

STUDY 1
Demographics
A total of 146 patients were enrolled and
treated and included in the safety analyses;
132 patients were evaluable for efficacy by per
protocol analysis. Characteristics of the patient
population are presented in table 2. Although
the required minimum age was 18, one 17
year old patient was enrolled with parental
consent. Fourteen patients were excluded
from efficacy evaluations for reasons that
included non-compliance (eight), patient deci-
sion to discontinue (four), and pregnancy
(two).

Efficacy
The complete and partial responses of all
patients are summarised in figure 1. In
patients treated with formulations containing
active agent, the per patient complete response
rate was highest for the 5-FU/adrenaline gel
group (55%, 11/20), followed by the group
treated with 5-FU/adrenaline solution (41%,
9/22), then the 5-FU gel group (36%, 8/22),
with the lowest complete response being for
the 5-FU solution group (13%, 3/24). Of the
11 patients in the 5-FU/adrenaline gel group
who had complete responses, six (55%)
retained their complete response status and
were free of recurrent warts at the 3 month fol-
low up visit.
The highest complete response rate among

groups treated with a formulation that did not
contain active agent was in the adrenaline
solution group (17%, 2/12). Only one patient
in the saline solution group (10%, 1/10) and
none of the patients in the adrenaline gel or
placebo gel groups had a complete response.
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M Complete response
W Partial response

=3%
14%

n=2
17/c

n;/

adrenaline gel adrenaline solution
gel (n=22) solution (n=24)

(n=20) (n=22)

n=6

25%

n=1 n=1
10% 8%

Adrenaline Placebo
gel gel

(n=10) (n=12)

Adrenaline
solution
(n=12)

Saline
solution
(n=10)

Figure 1 Study 1. Contribution ofcomponents of 5-FUladrenaline injectable gel
formulation to clinical efficacy.

Contribution of components
Contribution of components was evaluate
using three dependent variables: complei
response (CR v non-CR), time to complel
response, and percentage decrease in tot,
baseline wart area. The percentage of patien
with CRs and PRs in each of the eight trea
ment groups is shown in figure 1. Statistic
assessment of the effects of the three comp(
nents on CR showed that 5-FU and adren.
line each have a significant effect on complel
response (p = 0.009 and 0.01 1, respectivel3
and that the interaction of 5-FU and the collc
gen gel vehicle approaches statistical signif
cance (p = 0 069). In the evaluation (

component effects on time to complel
response, Cox regression analysis showed th;
presence of 5-FU strongly influences time 1

complete response as does the presence
adrenaline (p = 0.003 and 0.013, respe
tively). In assessing the percentage decrease i
total baseline wart area, an analysis of covar
ance (ANCOVA) was used to assess the effe(
of the presence or absence of each componer
on the change in total wart area, condition
on total wart area at baseline. The effects (
5-FU and adrenaline were statistically signif
cant (p = 0.001 and 0O010, respectively); i
addition, the effect of collagen in the presenc
of 5-FU was statistically significant (p
0 009).

In summary, as independent component
5-FU and adrenaline directly affect complei
response and time to complete response, an

the collagen gel vehicle (with 5-FU) signif
cantly improves complete response rates. A
three components strongly influence th
decrease in total wart area produced by trea
ment.

Safety
No serious, unexpected, and clinically signifi-
cant adverse events related to the test agents
occurred during the study. Local cutaneous
reactions at the treatment site were typically
mild to moderate and resolved within 1 month
after treatment. The frequency and severity of
tissue conditions was greater in the patients
treated with formulations containing fluo-
rouracil. Transient pain at the injection site
was the most common complaint, reported by
nearly all (98%) patients. No local anaesthet-
ics were used in this study.

STUDY 2
Demographics
Eight clinical centres participated in this
study, enrolling and treating 200 patients with
a clinical diagnosis of external condylomata
who were included in the safety analyses; 187
patients were evaluable for efficacy by per pro-
tocol analysis. Thirteen patients were excluded
from efficacy evaluations because nine patients
were non-compliant with protocol, three
patients were lost to follow up, and one patient
joined the military. The patient population
characteristics are summarised in table 2. The
study treated all condylomata present at
screening (one to 18 warts per patient, median
of four warts per patient), resulting in a total of
858 evaluable condylomata. The baseline total
wart area ranged from 1 to 532 mm2. Most

d patients (59%) had received prior therapy for
te genital warts and were either treatment fail-
te ures or had recurrent warts. The distributions
al of warts per patient and the baseline total
ts treated wart area per patient are shown in figure
Lt- 2. Sixty seven per cent of patients had five
al warts or fewer.
D- Baseline characteristics of the three treat-
a- ment groups were comparable except that the
te individual baseline wart area was slightly
v) higher in the placebo gel group than in the
a- other two groups (medians: 9.0 mm2, for the
i- 5-FU/adrenaline gel and 5-FU gel groups;
of 12.0 mm2, for the placebo gel group). A total
te of 132 (71%) patients completed all six treat-
at ments. Some of the premature early termina-
to tions were because of an early complete
of response to treatment: 18% (14/78) for 5-FU/
c- adrenaline gel and 11% (8/76) for 5-FU gel
in (0% for placebo).

ct Efficacy
nt For a patient to have a "complete response,"
al all treated warts for that patient had to clear
of completely. Table 3 summarises the patient
i- response rates by treatment group and by the
in three strata of initial wart area. Overall, com-
:e plete response rate per patient was 65% in the
= 5-FU/adrenaline gel group (median four treat-

ments), 54% in the 5-FU gel group (median
:s, five treatments), and 15% in the placebo gel
te group. Comparing patients who had a com-
id plete response with those who did not (that is,
i- CR v PR + NR) indicates that patients treated
11 with 5-FU/adrenaline gel had a significantly
le higher CR rate (p = 0-039) than those treated
t- with 5-FU gel without adrenaline. In both the

5-FU adrenaline/gel and 5-FU gel groups,

0)

a)

U)
c
0

CO,
01)

c
0)

CL

0-
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A Condylomata per patient
35
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425
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0

X 15

E
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Number of condylomata

B Pretreatment total condyloma area per patient

C

0
* 25
0.
o 20
0

E 15

Z-I 1^1U

I'll

61-80 101-150 201-250

Total condyloma area (mm2
Figure 2 Study 2. Baseline disease characteristics for patients. (A) In a total of a
patients with 858 condylomata from one to 18 warts per patient (median 4) were a
(B) Baseline total wart area per patient rangedfrom 1 to 532 mm2 (median 55 m

overall per patient response rates wer
rior (p < 0.01) to placebo gel alon
combined complete and partial respor
was 78% for those receiving 5-FU/adr
gel and 76% for those receiving 5-FU

Table 3 Study 2: patient response to treatment by total pretreatment wart area a

treatment group

Response (No ofpatients (%))
Total pretreatment
wart area

< 55 mm2
Complete
Partial
None
Total

56-100 mm2
Complete
Partial
None
Total

> 100 mm2
Complete
Partial
None
Total

Overall
Complete
Partial
None
Total

5-FUladrenaline gel

34 (87)
2 (5)
3 (8)

39

11 (61)
4 (22)
3 (17)

18

6 (29)
4 (19)

11 (52)
21

51 (65)
10 (13)
17 (22)
78

5-FU gel

29 (69)
4 (10)
9 (21)

42

9 (47)
6 (32)
4 (21)
19

3 (20)
7 (47)
5 (33)

15

41 (54)
17 (22)
18 (24)
76

Placebo gel

2 (17)
0 (0)

10 (83)
12

1 (10)
0 (0)
9 (90)
10

2 (18)
0 (0)
9 (82)

11

5 (15)
0 (0)

28 (85)
33

< 0.001 for both active formulations when
compared with placebo gel).

Baseline total wart area appeared to influ-
ence response rates: patients with lower total
baseline wart areas, reflecting fewer numbers
of warts or smaller warts, had the highest rates
of complete response. For example, for
patients treated with 5-FU adrenaline/gel,
those with a total wart area < 55 mm2 had an
87% CR rate, those with a total wart area of
56-100 mm2 had a 61% CR rate, whereas
those with a total wart area > 100 mm2 had a
29% CR rate. In this study population sample,
nearly twice as many patients had a total wart
area < 55 mm2 as those who had total wart
areas of either 56-100 mm2 or > 100 mm2.

19 20 Similarly, in terms of individual condyloma
responses, small warts responded better than
large ones, as shown in table 4. The CR rate
for individual warts < 4 mm2 treated with
5-FU adrenaline/gel (86%) was 14% higher
than for warts in the 4-12 mm2 range, and
complete response rate for warts 4-12 mm2
was 13% higher than for warts > 12 mm2.
Included in the size group > 12 mm2 were
warts of up to 200 mm2.

Erosion and ulceration were positively asso-
ciated with complete response and may be
part of the response process of wart elimina-
tion. In the 5-FU/adrenaline gel group,
patients with erosion or ulceration had a
higher response rate than patients without
these cutaneous reactions, and this difference
was statistically significant.

- Time to complete patient response
>350 depended on the investigational agent used.

50
>350 Patients treated with 5-FU/adrenaline gel

responded in a shorter time (median time to a

187 patient CR of 48 days) than patients treated
treated. with 5-FU gel (median time to CR of 65
in). days). This difference was significantly shorter

(p = 0.0098). Furthermore, the time to
achieve a complete response was significantly
shorter in patients with smaller total wart

e supe- areas: patients with baseline wart areas
le. The < 55 mm2 treated with 5-FU/adrenaline gel
nse rate cleared in a median of 40 days compared with
renaline 46 days for those treated with 5-FU gel (p =
J gel (p 0 03).

Recurrence was evaluated in two ways.
Patients with complete responses were evalu-

and ated at 3 months after response for wart recur-
rence, and the recurrence of one or more
treated warts was defined as a "patient recur-
rence". No statistically significant differences
between the two active treatment groups were
found. Ninety day cumulative recurrence rates
following complete response were 43% in the
5-FU/adrenaline gel group and 50% for the
5-FU gel group. We also evaluated recur-
rences of individual warts ("wart recurrence").
Cumulative 90 day recurrence rates were
lower for the 5-FU/adrenaline gel group
(31%) compared with the 5-FU gel group
(47%).

Safety
Most patients tolerated the treatments well.
The majority (97-100%) of patients experi-
enced mild to moderate burning, stinging, or

5

o
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Table 4 Study 2: individual wart response rates by pretreatment wart area and treatment
group

Response (No ofpatients (%))
Individual pretreatment
wart area S-FU/adrenaline gel S-PU gel Placebo gel
< 4 mm2

Complete 42 (86) 35 (51) 6 (50)
Partial 0 (0) 2 (3) 0 (0)
None 7 (14) 32 (46) 6 (50)
Total 49 69 12

4-12 mm2
Complete 127 (72) 95 (68) 13 (19)
Partial 17 (10) 11 (8) 8 (12)
None 33 (19) 34 (24) 48 (70)
Total 177 140 69

> 12mm2 (up to 200MM2)
Complete 77 (59) 85 (60) 12 (17)
Partial 14 (11) 22 (15) 5 (7)
None 39 (30) 35 (25) 53 (76)
Total 130 142 70

Overall
Complete 246 (69) 215 (61) 31 (21)
Partial 31 (9) 35 (10) 13 (9)
None 79 (22) 101 (29) 107 (71)
Total 356 351 151

transient pain (lasting 15 to 20 minutes) after
injection of any test agent. While no local
anaesthetics were permitted in the study pro-
tocol, we expect that in the general clinical use
of the product topical or injected anaesthetics
could be used to lessen the transient injection
discomfort. Mild to moderate tissue reactions
were common in the 5-FU/adrenaline gel and
5-FU gel groups and typically resolved by the
end of the follow up period. Tissue reactions
were limited to the treated site and included
erythema (94%, 88%), swelling/induration
(98%, 65%), desquamation (72%, 63%),
eschar (76%, 55%), and hyperpigmentation
(67%, 64%) for the two drug treatment
groups, respectively. Erosion (90%) and ulcer-
ation (63%) were more common in patients
treated with 5-FU/adrenaline gel, reached a

peak after either the third or fourth injection,
and usually resolved without complications by
the 90 day follow up visit. As stated before,
erosion and ulceration were positively associ-
ated with complete response to treatment and
appear to be part of the response process.

Adverse events other than injection site pain
and local cutaneous reactions were rare. Three
treatment related, serious adverse events were
reported in patients treated with 5-FU gel.
These were localised to the treatment site and
represented exacerbations of the commonly
observed tissue reaction. One patient had pro-
gressive ulceration on the penis shaft that was
treated surgically with no sequelae. Another
patient reported severe pain at the injection
site, moderate induration, and swelling; the
remaining patient had a persistent nodule
probably related to residual collagen.
Of 86 patients with ulceration who were fol-

lowed to resolution, seven patients were

reported to have a scar, all of which were

located on the penis. Five of these patients had
been treated with 5-FU/adrenaline gel and two
patients with 5-FU gel. Although investigators
classified ulceration as any tissue condition
they believed was likely to result in scarring,
even in the absence of a scar, no reclassifica-
tions were made. No scars were reported as
adverse events in this study.

Discussion
The 5-FU/adrenaline injectable gel provides a
new therapeutic approach to treatment of
condylomata acuminata. Administration by
intradermal injection provides targeted deliv-
ery of active drugs to the diseased tissue. The
viscous gel protein carrier matrix significantly
enhances the retention of the drugs and main-
tains high local drug concentrations for longer
periods than is possible for fluorouracil admin-
istered as a simple aqueous solution. After
release of the drugs, the biodegradable protein
matrix is resorbed. The sustained release
intralesional delivery formulation increases the
therapeutic index by increasing drug exposure
in the wart area. This has been documented by
drug retention9 and drug distribution studies"
in preclinical mouse tumour model systems.

In study 1, our goal was to assess the com-
ponent contribution of 5-FU, adrenaline, and
the collagen gel vehicle to treatment. Each
component had a statistically significant effect
on reduction of total baseline wart area. 5-FU
and adrenaline had a significant effect on com-
plete response rate, whereas the combination
of 5-FU and the collagen gel vehicle
approached significance. The combination of
all three components resulted in the highest
complete response rate compared with any
individual component or combination. Thus,
the 5-FU/adrenaline gel delivery system does
indeed improve the therapeutic outcome and
provides a synergistic effect.

Study 2, with a larger number of patients
divided among fewer treatment groups, was
designed to assess in greater depth the effect of
adrenaline on treatment, as well as to assess
the effectiveness and safety of 5-FU/adrenaline
gel, 5-FU gel (without adrenaline), and
placebo gel. Both 5-FU/adrenaline gel and
5-FU gel had significantly greater effects on
overall patient complete response than placebo
gel. Furthermore, 5-FU/adrenaline gel was
significantly more effective than 5-FU gel. The
effect of adrenaline was more evident tempo-
rally; however, patients treated with 5-FU/
adrenaline gel achieved complete responses in
significantly shorter time than did patients
treated with 5-FU gel.
The therapeutic response to treatment with

5-FU/adrenaline gel was related to the extent
of the patients' disease. Patients with the
smallest total wart areas had the highest
response rates. In the population sample in
study 2 the median total wart area was
55 mm2. Patients with total wart areas of less
than 55 mm2 had a complete response rate of
87%, which suggests that 5-FU/adrenaline gel
is a highly effective treatment modality. With
increasing wart area, the complete response
rates decreased, although many patients had
notable reductions in total wart burden. This
pattern of response has been substantiated in a
larger trial.'6 In a separate small study, a sec-
ond cycle of a few additional treatments with
5-FU/adrenaline gel improved response rates,
especially in patients with numerous warts,
large total wart areas (> 100 mm2), or those
with partial responses.'7

Treatments with 5-FU/adrenaline gel were
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well tolerated. The reported local cutaneous
reactions, such as erythema, desquamation,
erosion, ulceration, and hyperpigmentation,
were anticipated and confined to the treat-
ment site. Patients with erosions and ulcera-
tion experienced higher response rates than
those that did not, and these cutaneous reac-
tions appear to be part of the response process.
External condylomata in all anatomic sites
were safely and effectively treated. While there
is a perception that adrenaline should be used
with caution on the penis, no local serious
adverse effects attributable to the vasoconstric-
tive properties of adrenaline were noted in the
penile condylomata treated with 5-FU/adrena-
line injectable gel.

In summary, in these clinical studies 5-FUJ/
adrenaline injectable gel was found to be more
efficacious in the treatment of condylomata
acuminata than any of its formulation compo-
nents. Study 1 demonstrated that the combi-
nation of 5-FU, adrenaline, and the collagen
gel vehicle had a synergistic effect on thera-
peutic outcome. Study 2 showed that the high-
est complete response rates were in the
5-FU/adrenaline gel group and that inclusion
of adrenaline in this formulation significantly
reduced the time to a complete response. In
both studies, the treatments with 5-FUJ/
adrenaline gel were safe and well tolerated.
The benefits of intralesional therapy noted
throughout these studies include high
response rates, low recurrence rates, simplicity
of outpatient treatment, and lack of clinically
significant systemic adverse reactions related
to treatment. Additional clinical trials are war-
ranted to further evaluate the safety and effi-
cacy of multiple treatment courses for patients
with recurrent or new genital warts, and as
well in immunosuppressed patients such as
those who have had a renal transplant or are
positive for human immunodeficiency virus.
The 5-FU/adrenaline injectable gel may serve
as an appropriate treatment option for male
and female patients with condylomata acumi-
nata.
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