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IMPORTANCE Keratinocyte carcinoma (ie, cutaneous basal and squamous cell carcinoma) is
the most common cancer in the United States.

OBJECTIVE To determine whether topical fluorouracil could prevent surgically treated
keratinocyte carcinoma.

DESIGN, SETTING, AND PARTICIPANTS The Veterans Affairs Keratinocyte Carcinoma
Chemoprevention Trial was a randomized, double-blind, placebo-controlled trial of topical
fluorouracil for chemoprevention of keratinocyte carcinoma. Participants were recruited from
May 2009 to September 2011 from 12 Veterans Affairs medical centers and followed until
June 30, 2013. Participants were veterans (n = 932) with a history of at least 2 keratinocyte
carcinomas in the past 5 years; almost all were white males and the median age was 70 years.

INTERVENTIONS Application of fluorouracil, 5%, (n = 468) or vehicle control cream (n = 464)
to the face and ears twice daily for 2 to 4 weeks upon randomization.

MAIN OUTCOMES AND MEASURES Surgically treated keratinocyte, basal cell, and squamous
cell carcinoma risk on the face and ears in the first year after enrollment; and time to first
surgically treated keratinocyte, basal cell, and squamous cell carcinoma. The a priori
hypothesis was that fluorouracil would be effective in preventing these cancers.

RESULTS Of 932 participants (916 men [98%]; 926 white [99%]; median age, 70 years), 299
developed a basal cell carcinoma end point (95 in year 1) and 108 developed a squamous cell
carcinoma end point (25 in year 1) over 4 years (median follow-up, 2.8 years). Over the entire
study, there was no difference between treatment groups in time to first keratinocyte, basal
cell, or squamous cell carcinoma. During the first year, however, 5 participants (1%) in the
fluorouracil group developed a squamous cell carcinoma vs 20 (4%) in the control group, a
75% (95% CI, 35%-91%) risk reduction (P = .002). The 11% reduction in basal cell carcinoma
risk during year 1 (45 [10%] in the fluorouracil group vs 50 [11%] in the control group) was not
statistically significant (95% CI, 39% reduction to 31% increase), nor was there a significant
effect on keratinocyte carcinoma risk. However, a reduction in keratinocyte carcinomas
treated with Mohs surgery was observed.

CONCLUSIONS AND RELEVANCE A conventional course of fluorouracil to the face and ears
substantially reduces surgery for squamous cell carcinoma for 1 year without significantly
affecting the corresponding risk for basal cell carcinoma.
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K eratinocyte carcinoma (KC), often ambiguously termed
nonmelanoma skin cancer (ie, cutaneous basal cell car-
cinoma [BCC] and squamous cell carcinoma [SCC]), ac-

counts for about three-quarters of all cancers in the United
States.1,2 Over 5 million KCs were diagnosed in 2012, and in-
cidence is rising.3

The standard treatment for KCs is excision, frequently
(when on the face or ears) by resource-intensive and expen-
sive Mohs surgery that is associated with tissue conservation
and a high cure rate compared with conventional surgery. In
the United States, KC treatment cost $4.8 billion annually from
2007 to 2011.4 In the Veterans Health Administration alone,
more than 75 000 veterans were diagnosed with KC in 2012,
with costs estimated at almost $200 million.5

Additionally, considerable morbidity is associated with KC
treatment, as well as destruction and disfigurement that KCs
can cause before and after they are treated. Oral isotretinoin
and acitretin have been shown to prevent KCs (and are some-
times used in groups at very high risk despite systemic ad-
verse effects), but they are ineffective when treatment ends.6

Similarly, nicotinamide may decrease risk during treatment.7

Consistent daily sunscreen use reduces SCC incidence, but the
effect after stopping use is unknown.8 No treatment has been
demonstrated to prevent KCs after treatment ends. An effec-
tive secondary prevention strategy could dramatically change
the way patients at high risk are managed and has the poten-
tial to substantially reduce the morbidity and costs associ-
ated with surgery (removal and repair) and subsequent care.

Topical fluorouracil reduces the multiplicity of precur-
sors of SCC known as actinic keratoses9 and can cure superfi-
cial BCC (and, in off-label use, SCC in situ).10 However, no stud-
ies have demonstrated efficacy of fluorouracil in preventing
BCC and SCC or in preventing lesions requiring surgical treat-
ment. Indeed, it was suggested that fluorouracil might have
the opposite effect.11,12

We chose to study veterans because this population in-
cludes many individuals who are male, elderly, and have had
substantial sun exposure (both during military service and sub-
sequently) and are therefore likely to have a history of mul-
tiple KCs and be at high risk for new KCs. We hypothesized that
topical fluorouracil would prevent surgically treated skin can-
cers in this population. To test this hypothesis, we launched
the Veterans Affairs Keratinocyte Carcinoma Chemopreven-
tion (VAKCC) Trial, a randomized trial of topical fluorouracil,
5%, vs vehicle control cream applied to the face and ears.

Methods
Ethics
The VA Central Institutional Review Board approved this trial;
all participants gave written informed consent; and Declara-
tion of Helsinki Principles were followed. The trial protocol is
available in Supplement 1.

Study Design and Interventions
The VAKCC Trial (Cooperative Studies Program 562) was a
double-blind, vehicle-controlled trial for chemoprevention

of KCs in veterans at high risk for these cancers. Detailed meth-
ods, including sample size calculations, are described
elsewhere5,9,13-20 and in eAppendix 2 in Supplement 2. Par-
ticipants with a history of at least 2 KCs in the 5 years prior to
enrollment, at least 1 of which was on the face or ears, were
recruited from 12 Veterans Affairs (VA) medical centers.
Veterans who had received solid organ transplants or who had
genetic disorders associated with a particularly high skin can-
cer risk were excluded. Participants were randomized to ap-
ply topical fluorouracil, 5%, or vehicle control cream twice daily
to the face and ears for 4 weeks—a total of 56 doses. If this dose
was intolerable, the medication was stopped and triamcino-
lone cream, 0.1%, was applied twice daily to the face and ears
for 5 days. If this occurred prior to completion of 28 doses,
study medication was resumed 3 weeks after stopping and ap-
plied once daily to complete 56 doses. If still intolerable, study
medication was discontinued. We considered 28 doses the
minimum treatment dose for this study. All participants com-
pleted treatment within 11 weeks.

After the active treatment phase, participants were evalu-
ated face-to-face semiannually starting with the first 6-month
visit until June 30, 2013. In-person visits, telephone inter-
views, medical record reviews, and full-body skin examina-
tions were conducted to collect information on demographic
characteristics, medical history, medication use, adverse
events, and study end points.

The primary outcome for this study was patient cen-
tered, involving the first occurrence of a primary KC on the
face or ears that was surgically removed (ie, primary BCC,
primary invasive SCC, and primary SCC in situ). Other key a
priori outcomes were risk of BCC, SCC, and KC in the first
year after enrollment. Histopathologic specimens were read
by local pathologists and later underwent central pathology
review by a board-certified dermatopathologist, blind to
study group assignment, for final diagnosis. High interrater
reliability was documented with 2 other central board-
certified dermatopathologists.

Participants received SPF 30 sunscreen and were edu-
cated about skin cancer, sun safety, and sunscreen use. Par-
ticipants were shown photographs of moderate to severe re-
actions to topical fluorouracil, interviewed about medication
reactions, and photographed to document reactions.13

Key Points
Question Can a single course of topical fluorouracil, 5%, prevent
keratinocyte carcinoma?

Findings In this randomized clinical trial of 932 veterans at high
risk for keratinocyte carcinoma, a 2- to 4-week course of topical
fluorouracil, 5%, applied twice daily to the face and ears reduced
the risk for 1 year of squamous cell carcinoma (SCC) requiring
surgery at those sites. No effect was seen on basal cell carcinoma
(BCC) in year 1 or on SCC or BCC over 4 years.

Meaning Effective chemoprevention of cutaneous SCC for a year
is achievable with a single 2- to 4-week course of topical
fluorouracil, suggesting a possible role for annual use in groups at
very high risk.
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Blinding
Participants were blinded to treatment assignment and
blinding success was evaluated at 6 months and at the final
study visit. Investigators who performed assessments were
also blinded to treatment assignment. During the active
treatment period, adverse effects were monitored by a desig-
nated unblinded investigator at each study site. Blinded
investigators assessed participants before they initiated
study medication and again starting at 6 months after enroll-
ment, months after the expected resolution of fluorouracil
adverse effects.

Statistical Analysis
For each of the key end points (KC, BCC, and SCC) we ana-
lyzed time to event (diagnosis) for the entire 4-year trial and
risk of event in the first year after randomization as the key pre-
specified outcomes. We also considered 2 alternative meth-
ods of analyzing our data: first, by ignoring the results of our
quality control measure; and second, by imputing values for
potential end points that were not included in the results oth-
erwise presented because the slides were lost or unreadable.

Results

Study Population
Enrollment occurred from May 2009 through September
2011, and participants were followed through June 2013, the
planned study end date. Of 954 enrolled and randomized, 22
were excluded due to Health Insurance Portability and
Accountability Act revocations, consent withdrawals, or eli-
gibility violations, so 932 participants were included in the
primary analysis: 468 in the fluorouracil group and 464 in
the control group (Figure 1).

There were 45 deaths during the study: 18 in the fluoro-
uracil group and 23 in the control group (P = .16). An addi-
tional 31 participants withdrew before the study ended: 18 in
the fluorouracil group and 15 in the control group. Alto-
gether, 36 participants (7.7%) in the fluorouracil group and 38
participants (8.2%) in the control group died or withdrew prior
to study completion. Almost all participants were male (916
of 932 [98%]) and the median age was 70 years (mean [SD],
71.1 [9.3] years). In the 5 years prior to enrollment, 870

Figure 1. Randomization, Stratification, and Follow-up of Study Participants

954 Patients initially enrolled

190 Remained at 3-year 
follow-up (41%)

184 Remained at 3-year 
follow-up (40%)

403 Remained at 2-year 
follow-up (86%)

396 Remained at 2-year 
follow-up (85%)

453 Remained at 1-year 
follow-up (97%)

452 Remained at 1-year 
follow-up (97%)

468 Were included in the analysis 464 Were included in the analysis

477 Were assigned to receive topical 
fluorouracil cream, 5%

477 Were assigned to receive vehicle
control cream

Loss to follow-up in year 1
4 Deaths

11 Withdrawals

Loss to follow-up in year 1
5 Deaths
8 Withdrawals

Loss to follow-up in year 3
8 Deaths
3 Withdrawals

203 Due to end of study

Loss to follow-up in year 3
8 Deaths
2 Withdrawals

202 Due to end of study

Loss to follow-up in year 2
6 Deaths
4 Withdrawals

Loss to follow-up in year 2
10 Deaths
5 Withdrawals

3 Withdrew consent prior to 
starting fluorouracil, 5%

6 Were withdrawn due to violation 
of inclusion/exclusion criteria

5 Withdrew consent prior to 
starting vehicle control cream

7 Were withdrawn due to violation 
of inclusion/exclusion criteria

1 Was withdrawn for HIPAA 
revocation

954 Patients underwent randomization

Participants were recruited from May
2009 to September 2011 and
included veterans with a history of at
least 2 keratinocyte carcinomas in the
past 5 years. Of 954 patients enrolled
and randomized, 932 were included
in the primary analysis: 468 in the
fluorouracil group and 464 in the
control group. HIPAA indicates Health
Insurance Portability and
Accountability Act.
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participants (93%) had a history of at least 1 BCC, 409 (44%)
at least 3 BCCs, 361 (39%) at least 1 invasive SCC, and 170 (18%)
at least 1 SCC in situ (Table 1). The control and treatment groups
were similar, with no statistically significant differences in
demographic characteristics, military service periods, sun-
burn, Fitzpatrick skin type, sun protection use during the study,
and medical histories. The median follow-up duration was 2.8
years (mean, 2.7 years) for both groups, and 97% of each group
was followed for at least 1 year after randomization.

Outcomes
Study end points were surgically treated BCC or SCC on the face
or ears. During the study, 359 participants developed at least
1 KC end point (ie, a KC on the face or ears that was treated sur-
gically). Of these, 299 developed at least 1 BCC and 108 devel-
oped at least 1 SCC (48 participants developed both). Within
the first year, 111 developed at least 1 KC; 95 developed at least
1 BCC; and 25 developed at least 1 SCC.

There was no difference between the fluorouracil and con-
trol groups in time to first KC, time to first BCC, or time to first
SCC for the overall 4-year study period (Table 2). In year 1 there
was a 75% reduction in SCC risk in the fluorouracil group com-
pared with the control group (risk ratio [RR], 0.25; 95% CI, 0.09-
0.65; P = .002) (Table 2 and Figure 2). The year 1 BCC risk was
reduced by 11%, which was not statistically significant (RR,
0.89; 95% CI, 0.61-1.31; P = .56). There was no difference in year
1 KC risk (Table 2).

During the study, 95 of 299 participants (32%) who
developed BCC, and 25 of 108 participants (23%) who devel-
oped SCC, did so during the first year. We examined the BCC
and SCC RRs between groups within each year of follow-up.
The only difference in BCC risk was in year 2 of the study, in
which the risk was higher in the fluorouracil group (87 vs 59
tumors; P = .01), but there were no differences in years 1, 3,
or 4. The only difference in SCC risk was the year 1 difference
noted above.

Sensitivity analyses were conducted to (1) include non-
surgically treated KCs in analyses (18 participants [38
lesions, 9 in year 1] had a nonsurgically treated KC);
(2) include only participants who had completed the mini-
mum dose of study medication per protocol analyses (28
applications); and (3) ignore the results of our quality control
review of all outcomes. Results were not substantially
changed in any of these analyses.

We examined risk of BCC and SCC treated with Mohs sur-
gery, the most resource-intensive and expensive of the com-
mon treatments for KC, and the most common treatment used
in the study participants. The decision to use Mohs surgery was
determined by local treating dermatologists. In year 1, 36 BCCs
were treated by Mohs among 27 participants in the control
group and 17 BCCs among 14 participants in the fluorouracil
group (RR, 0.51; 95% CI, 0.27-0.97; P = .045). The number of
SCCs treated with Mohs surgery (5 in the control group and 3
in the fluorouracil group) was too small to further analyze. For
KCs in year 1, the RR was 0.51 (95% CI, 0.28-0.92; P = .02) af-
ter accounting for clustering within individuals. There were
no differences between groups for the overall study period
(Table 3).

Table 1. Demographic Information

Characteristic

No. (%)
Fluorouracil
Group
(n = 468)

Control
Group
(n = 464)

Demographics

Age, mean (SD) [range] 70.7 (9.2)
[43-91]

71.5 (9.4)
[43-91]

Men 457 (98) 459 (99)

Racea

White 465 (99) 461 (99)

American Indian 11 (2) 4 (<1)

Native Hawaii/Pacific Islander 0 1 (<1)

Other 1 (<1) 1 (<1)

Self-reported Fitzpatrick skin type

Type 1 123 (26) 107 (23)

Type 2 54 (12) 57 (12)

Type 3 185 (40) 200 (43)

Type 4 103 (22) 94 (20)

Education

Up to high school 149 (32) 131 (28)

Some college/technical/trade school 251 (54) 262 (57)

Graduate school 68 (15) 71 (15)

Marital status

Married 269 (58) 266 (57)

Divorced/separated 94 (20) 93 (20)

Widowed/single 105 (22) 105 (23)

Residency

Northeast 60 (13) 54 (12)

Midwest 85 (18) 96 (21)

South 195 (42) 188 (41)

West 127 (27) 126 (27)

Enrolled in Medicare 306 (65) 315 (68)

Weight, mean (SD) [range] 195.6 (37.1)
[81-356]

201.2 (40.5)
[106-416]

Height, mean (SD) [range] 69.6 (3)
[57-82]

69.7 (3)
[59-83]

History of fluorouracil use 92 (20) 74 (16)

Median No. of baseline AKs on face/ears 6 6

Keratinocyte Carcinoma History in 5 Years Prior to Enrollment

Prior BCCs, No.

0 22 (5) 40 (9)

1 69 (15) 63 (14)

2 171 (37) 158 (34)

3 89 (19) 80 (17)

≥4 117 (25) 123 (26)

Prior invasive SCCs, No.

0 291 (62) 280 (60)

1 100 (21) 106 (23)

≥2 77 (16) 78 (17)

Prior SCCs in situ, No.

0 384 (82) 378 (81)

1 65 (14) 61 (13)

≥2 19 (4) 25 (5)

Incidence of sunburn and sun protection during study

Hat or sunscreen use on face or ears 374 (80) 373 (80)

Sunburn 94 (20) 86 (19)

Abbreviations: AK, actinic keratosis; BCC, basal cell carcinoma; KC, keratinocyte
carcinoma; SCC, squamous cell carcinoma.
a Some percentages may not equal 100% owing to participant’s refusal to

answer the question, or identification as multiracial.
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Tolerability and Toxic Effects of Fluorouracil
Adverse effects of fluorouracil represent a barrier to its gen-
eral use for KC risk reduction. To assess tolerability and toxic
effects, we evaluated participants’ completion of the study
medication course, occurrence of adverse effects, and the re-
sulting impact on participants’ willingness to use this inter-
vention in the future.

Cumulative dosing of study medication was calculated in
2 ways that yielded similar results. Overall, 85% of partici-
pants (397 of 468) in the fluorouracil group and 96% of par-
ticipants (445 of 464) in the control group completed at least
28 doses of the study medication; and 31% (144 of 468) of the
fluorouracil group and 81% (375 of 464) in the control group
completed 56 doses.

We analyzed 3 measures of study medication adverse ef-
fects: (1) a photograph-based toxic effect score at 2 weeks13;
(2) self-reported symptoms at 2 weeks; and (3) a retrospec-
tive self-report of adverse effect severity at the 6-month visit.
The first 2 measures were highly correlated (Pearson r = 0.8),
and the photograph-based score also correlated well with the
6-month recollection of adverse effect severity (Pearson
r = 0.6).

Two weeks into the intervention, 92% of participants (368
of 402) in the fluorouracil group reported erythema (82% [329
of 402] had erythema on photographs at that visit), and 61%
(245 of 402) demonstrated mild-to-moderate crusting on
photographs.13 Six months after starting the study medica-
tion, 21% (92 of 439) in the fluorouracil group retrospectively
rated treatment adverse effects as “severe,” 40% (176 of 439)
rated them as “moderate,” 25% (111 of 439) rated them as
“mild,” and 14% (60 of 439) said they had “none.” In contrast,
76% (329 of 432) in the control group retrospectively re-
ported no adverse effects at the 6-month visit (eTable in
Supplement 2). Detailed analysis of treatment adverse
effects is described elsewhere.13

At 6 months and at the end of the study we asked partici-
pants about perceived study group assignment and willing-
ness to repeat treatment if shown to be effective in reducing
future KC risk.

In the fluorouracil group, 91% of participants (397 of 435)
correctly guessed their study group at 6 months, and 87% (335

of 386) correctly guessed at the final visit. In the control group,
however, only 81% (344 of 424) and 75% (296 of 393) guessed
their study group correctly at the 6-month and final visits,
respectively.

In the fluorouracil group, 87% of participants were will-
ing to repeat treatment if shown to be effective in reducing fu-
ture skin cancers, when surveyed at both 6 months (378 of 436)
and the final visit (337 of 386). In the control group, 94% (406
of 433) were willing to repeat treatment when surveyed at 6
months, and 95% (376 of 397) when surveyed at the final visit.

Discussion
We have reported a randomized trial demonstrating that, in a
population at high risk, a single 2- to 4-week course of topical
fluorouracil, 5%, twice daily to the face and ears is effective
in reducing the risk of SCC requiring surgery by 75% (95% CI,
35%-91%) for the first year after use. However, fluorouracil did

Figure 2. Proportion of Participants With SCC by Treatment Group
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Participants who completed a 2- to 4-week course of topical fluorouracil, 5%,
applied twice daily to the face and ears reduced the risk of SCC requiring
surgery at those sites by 75% for 1 year. No effect was seen over 4 years.
SCC indicates squamous cell carcinoma.

Table 2. Risk of Keratinocyte Carcinoma in Year 1 and Time to Outcome During Overall Study Perioda

Type of
Lesion

Fluorouracil Group:
Participants With
≥1 Lesion, No. (%)

Control Group:
Participants With
≥1 Lesion, No. (%)

Hazard Ratio
(95% CI)

Risk Ratio
(95% CI)

P Value
of Risk
Ratio

Year 1

KC 48 of 468 (10) 63 of 464 (14) 0.74
(0.51-1.08)

0.76
(0.53-1.08)

.12

BCC 45 of 468 (10) 50 of 464 (11) 0.89
(0.59-1.33)

0.89
(0.61-1.31)

.56

SCC 5 of 468 (1) 20 of 464 (4) 0.24
(0.09-0.65)

0.25
(0.09-0.65)

.002

Overall Study Period

KC 182 of 468 (39) 177 of 464 (38) 1.01
(0.83-1.25)

1.02
(0.87-1.20)

.82

BCC 151 of 468 (32) 148 of 464 (32) 1.02
(0.81-1.28)

1.01
(0.84-1.22)

.85

SCC 52 of 468 (11) 56 of 464 (12) 0.90
(0.62-1.31)

0.92
(0.65-1.31)

.65

Abbreviations: BCC, basal cell
carcinoma; KC, keratinocyte
carcinoma (ie, BCC or SCC);
SCC, squamous cell carcinoma.
a The median follow-up was 2.8 years

(mean, 2.7 years) for both groups. In
the fluorouracil group, 317 KCs (246
BCCs and 71 SCCs) were treated
surgically during the overall study;
62 of these (57 BCCs and 5 SCCs) in
year 1. In the control group, 330 KCs
(251 BCCs and 79 SCCs) were
treated surgically during the overall
study; 91 of these (68 BCCs and 23
SCCs) in year 1.
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not have an effect on BCC in the first year and did not result in
a reduction of SCC or BCC risk over the 4-year duration of the
trial. We found no “rebound” effect of increased SCCs in the
fluorouracil group in year 2 or subsequently. Despite the ab-
sence of a statistically significant reduction in BCC risk in year
1 after the intervention (an 11% reduction in BCC vs a 75% re-
duction in SCC), we did note a large reduction in participants
who had Mohs surgery treatments of BCCs and KCs (both 49%)
in the fluorouracil group compared with the control group.

While we documented the expected adverse effects of fluo-
rouracil in these participants, the vast majority (87% [715 of
822]) indicated they would be willing to do this treatment again
if it were found to be effective, indicating that this is a viable
chemoprevention option.

The protective effect of fluorouracil on KCs in year 1 was
similar to the presumed protective effect on which the over-
all study was powered (0.767 vs 0.704, respectively). How-
ever, because most end points (surgically treated KCs)
occurred after the first year of follow-up, the primary end point
of the study did not achieve statistical significance. Hence,
researchers may wish to focus future trials on the first year
after intervention.

Limitations
Study limitations include the potential unblinding of partici-
pants due to the adverse effects of treatment with fluoroura-
cil (but not the blinded investigators). Additionally, because
916 participants (98%) were men and their mean age was 71
years, generalizability to women and younger individuals is
limited, although we do not expect major differences in
younger or female populations. Special populations at high
risk for KC due to rare genetic syndromes (eg, basal cell nevus
syndrome or xeroderma pigmentosum) were excluded, as
were patients who had received transplants and were taking
immunosuppressants, so generalizability to these groups is
also limited. Because we studied a high-risk population, the
effect on those at lower risk is unknown. The high-risk popu-

lation is also a strength of the study because they are the ones
who are at greatest risk of substantial morbidity, and inclu-
sion of this group allowed the trial to be completed with a
realistic sample size and duration of follow-up. This was a ran-
domized trial with 932 participants in the intention-to-treat
analysis and excellent compliance with the intervention and
follow-up. The intervention is one that has been used for de-
cades for the treatment of actinic keratosis. It is readily avail-
able, and many practitioners will be experienced in its use for
that purpose. This trial incorporated counseling and appro-
priate materials, including images of potential reactions,9 in
the pretreatment preparation so that compliance was en-
hanced. In our clinical experience, failure to use these mea-
sures may result in overuse or underuse of the medication or
misunderstandings that may frighten or confuse patients.

Squamous cell carcinoma is more aggressive than basal cell
carcinoma, and patients with multiple SCCs tend to have more
over time.21 Until now the typical approach has been “wait and
cut”: after the SCC has been removed, simply wait until the next
occurs and then surgically remove it, and then wait for the next
to occur. This trial demonstrates a proactive approach that is
effective. Because the effect only lasts for the first year, an-
nual application may be required. Clinical experience has sug-
gested that the second and third application may have fewer
adverse effects owing to improvement in the keratinocytic dys-
plasia in the sun-damaged areas to which it is applied.

Other methods to reduce SCC risk have been evaluated.
Consistent use of sunscreen over several years was demon-
strated in a randomized trial in the general population to lower
SCC risk by 40%.8 It is clear that such use of sunscreen is dif-
ficult to maintain, and the effect of sunscreen after stopping
use is unknown. The advantage of sunscreen is the absence
or infrequency of adverse effects, but the disadvantage is the
need for consistent, sustained use as opposed to a single 2- to
4-week course, and the lesser reduction of SCC risk. How-
ever, the 2 approaches can be combined. Neither sunscreen nor
fluorouracil have been shown to be effective for reduction in

Table 3. Mohs Surgery Performed on Keratinocyte Carcinomas During the Triala

Time Period Fluorouracil Control Risk Ratio (95% CI) P Value
KCs Treated With Mohs Surgery

Year 1 20 41 0.72 (0.48-1.10) .11

Overall study period 153 149 1.07 (0.91-1.26) .43

Participants With ≥1 KC Treated With Mohs Surgery

Year 1 16 31 0.51 (0.28-0.92) .02

Overall study period 101 92 1.09 (0.85-1.40) .51

BCCs Treated With Mohs Surgery

Year 1 17 36 0.56 (0.36-0.89) .01

Overall study period 120 118 1.04 (0.86-1.25) .69

Participants With ≥1 BCC Treated With Mohs Surgery

Year 1 14 27 0.51 (0.27-0.97) .045

Overall study period 87 79 1.09 (0.84-1.44) .53

Abbreviations: BCC, basal cell carcinoma; KC, keratinocyte carcinoma;
SCC, squamous cell carcinoma.
a In the fluorouracil group, 149 KCs (120 BCCs and 29 SCCs) were treated with

Mohs surgery during the overall study; 20 of these (17 BCCs and 3 SCCs) in
year 1. In the control group, 149 KCs (118 BCCs and 31 SCCs) were treated with

Mohs surgery during the overall study; 41 of these (36 BCCs and 5 SCCs) in
year 1. The number of SCCs treated with Mohs in year 1 was too small to further
analyze. In the overall study, there was no difference in risk of SCC treated with
Mohs in the fluorouracil vs the control group (data not shown).
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BCC risk,8,22 and the combination has not been rigorously stud-
ied. Oral isotretinoin and acitretin have been shown to pre-
vent KCs during active treatment, but this effect is lost upon
stopping treatment.6 Topical fluorouracil is the first agent we
know of that demonstrates extended posttreatment effects
in SCC chemoprevention.

Daily ingestion of a large dose of nicotinamide has re-
cently been shown in a randomized trial to reduce the risk of
SCC and BCC by 23%, an effect that disappears promptly when
the nicotinamide dosing ceases.7 This also offers potential
promise, although that same trial suggested the possibility that
it may simultaneously increase the risk of the most aggres-
sive types of BCC and SCC.23

Conclusions

Further study is needed to better define the effect of fluoro-
uracil on BCC risk and risk of BCC that requires Mohs sur-
gery, as well as SCC risk in patients who have received trans-
plants and other special high-risk populations. It is
reasonable at this point to consider the use of a standard and
perhaps annual course of topical fluorouracil, 5%, to the face
and ears for the reduction of SCC risk in high-risk popula-
tions, and potentially for a reduction in need for Mohs sur-
gery; more detailed study could define precisely the groups
that would most benefit.
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