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Risk of Invasive Cutaneous Squamous Cell Carcinoma
After Different Treatments for Actinic Keratosis
A Secondary Analysis of a Randomized Clinical Trial
Shima Ahmady, MD; Maud H. E. Jansen, MD, PhD; Patty J. Nelemans, MD, PhD; Janneke P. H. M. Kessels, MD, PhD;
Aimee H. M. M. Arits, MD, PhD; Michette J. M. de Rooij, MD, PhD; Brigitte A. B. Essers, MD, PhD;
Patricia J. F. Quaedvlieg, MD, PhD; Nicole W. J. Kelleners-Smeets, MD, PhD; Klara Mosterd, MD, PhD

IMPORTANCE Treatment of actinic keratosis (AK) aims to prevent cutaneous squamous cell
carcinoma (cSCC). However, whether AK can progress into invasive cSCC is a matter of
debate, and little is known about the effect of treatment on preventing cSCC.

OBJECTIVES To evaluate the risk of invasive cSCC and factors that may contribute to increased
risk in patients with multiple AKs.

DESIGN, SETTING, AND PARTICIPANTS In this secondary analysis of a multicenter randomized
clinical trial, 624 patients with a minimum of 5 AKs within an area of 25 to 100 cm2 on the
head were recruited from the Department of Dermatology of 4 hospitals in the Netherlands.
Long-term follow-up was performed from July 1, 2019, to December 31, 2020.

INTERVENTIONS Patients were randomized to treatment with 5% fluorouracil, 5% imiquimod
cream, methylaminolevulinate photodynamic therapy, or 0.015% ingenol mebutate gel.

MAIN OUTCOMES AND MEASURES The primary outcome was the proportion of patients with
invasive cSCC in the target area during follow-up. Secondary outcomes were the associations
between risk of invasive cSCC and a priori defined potential prognostic factors, including type
of treatment, severity of AK (Olsen grade), history of nonmelanoma skin cancer, and
additional treatment.

RESULTS Of the 624 patients (558 [89.4%] male; median age, 73 years [range, 48-94 years])
in the study, 26 were diagnosed with a histologically proven invasive cSCC in the target area
during follow-up. The total 4-year risk of developing cSCC in a previously treated area of AK
was 3.7% (95% CI, 2.4%-5.7%), varying from 2.2% (95% CI, 0.7%-6.6%) in patients treated
with fluorouracil to 5.8% (95% CI, 2.9%-11.3%) in patients treated with imiquimod. In
patients with severe AK (Olsen grade III), the risk was 20.9% (95% CI, 10.8%-38.1%), and the
risk was especially high (33.5%; 95% CI, 18.2%-56.3%) in patients with severe AK who
needed additional treatment.

CONCLUSIONS AND RELEVANCE In this secondary analysis of a randomized clinical trial, risk of
invasive cSCC was highest in patients with Olsen grade III AK and was substantially increased
in patients who received additional treatment. These patients should be closely followed up
after treatment.
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A ctinic keratosis (AK) has an estimated prevalence world-
wide that ranges from 11% to 60% and is a disease fre-
quently diagnosed and treated by dermatologists and

general practitioners.1-6 Several field-directed therapies for AK
are available.7-9 The most important reason for treatment is the
supposed reduction of the risk of developing invasive cuta-
neous squamous cell carcinoma (cSCC). However, whether AK
can really progress to invasive cSCC is a matter of debate, and
evidence about good indicators for the lesions at risk is scarce.10

Furthermore, there is limited evidence that treatment of AK
decreases the risk of invasive cSCC development. In a re-
cently published randomized clinical trial,11 patients who were
supposed to have a high risk of SCC because of substantial sun
exposure and a history of at least 2 keratinocyte carcinomas
were empirically treated with fluorouracil as a chemopreven-
tion strategy. Topical fluorouracil treatment significantly re-
duced the risk of cSCC when compared with placebo the first
year after treatment: 1% of patients treated with fluorouracil
cream developed cSCC on the face or ears compared with 4%
in the placebo group.11 However, after 4 years of follow-up, this
significant difference disappeared, and the incidence of cSCC
was 11% in the fluorouracil group vs 12% in the placebo group.
In that trial, only veterans with substantial sun exposure and
a history of at least 2 keratinocyte carcinomas were included.
In other patients with AK, such as those with no history of non-
melanoma skin cancer (NMSC), the risk of developing cSCC is
likely lower.12-15

The current study aims to evaluate the risk of invasive cSCC
and factors that may contribute to increased risk in patients
with multiple AKs. Data on the incidence of invasive cSCC dur-
ing a 4-year follow-up period were collected in patients who
had participated in a randomized clinical trial16 that com-
pared 4 field-directed treatments of AK. The results of that
trial16 indicated that 1 year after treatment with 5% fluoroura-
cil, the probability of partial (at least 75%) clearance of AK was
higher than after treatment with 5% imiquimod cream, me-
thylaminolevulinate photodynamic therapy (PDT), or 0.015%
ingenol mebutate gel. The meticulous registration and grad-
ing (Olsen grades I-III) of every AK lesion at baseline makes it
possible to evaluate the risk of invasive cSCC according to the
severity of AK. Moreover, the effect on the risk of other fac-
tors, such as allocated treatment, a positive history of NMSC,
and need for retreatment, can also be studied.

Methods
Study Design and Study Population
The long-term risk of invasive cSCC was evaluated as a sec-
ondary analysis in patients with AK who participated in a
single-blinded, multicenter randomized clinical trial with in-
tention to treat that compared the efficacy of 5% fluorouracil
cream, 5% imiquimod cream, methylaminolevulinate PDT, and
0.015% ingenol mebutate gel. Patients were recruited from the
Department of Dermatology of 4 hospitals in the Netherlands
between November 1, 2014, and March 31, 2017. Details on the
design and the results from this trial have previously been
published,16 and the trial protocol is available in Supple-

ment 1. The study was performed according to the Declara-
tion of Helsinki17 principles with approval of the local medi-
cal ethics committee and was reviewed and approved by
Maastricht University Medical Center and Ethics Committee.
The initial protocol did not include a long-term follow visit.
After the study was completed (12-month visit), we obtained
approval of the local ethics committee to prolong the study and
perform long-term follow-up visits. All participants gave writ-
ten informed consent. This study followed the Consolidated
Standards of Reporting Trials (CONSORT) reporting guideline.

Patients 18 years or older, with Fitzpatrick skin types I to
IV, and with a minimum of 5 AK lesions within a treatment area
of 25 to 100 cm2 in the head and neck region were eligible for
the study. Patients who had skin cancer in the target area at
the time of enrollment, used immunosuppressant drugs or reti-
noids, or received treatment for AK in the target area within 3
months before enrollment were excluded.

Baseline characteristics included age, sex, and prior his-
tory of NMSC and severity of AK lesions according to the Olsen
classification scheme.16 Olsen grade I reflects slightly palpable
AK, more easily felt than seen; grade II reflects moderately thick
AK, easy to see and feel; and grade III reflects very thick AK.18

The severity of the target area was determined by the AK lesion
with the highest Olsen grade.

Treatment Protocol, Randomization, and Outcomes
Patients were randomly assigned to 1 of 4 different treat-
ments in a 1:1:1:1 ratio. Stratifying factors were participating
center and severity of AK. Patients were not blinded to the as-
signed treatment.

A 5% fluorouracil cream was applied by the patient twice
daily for 4 weeks. A 5% imiquimod cream was applied by the pa-
tient once daily 3 days a week for 4 weeks. Ingenol mebutate
0.015%gelwasappliedbypatientsoncedailyfor3days.Fortreat-
ment with methylaminolevulinate PDT, the methylaminolevu-
linate cream was applied to the treatment area by a trained nurse
and covered with light-blocking foil and occlusive dressing for
3 hours. The area was then illuminated with a light-emitting di-
ode for 7.23 minutes. After the PDT session, the treatment site
was covered with an occlusive dressing for 24 hours. In case of
insufficient response (<75% lesion response) at the first fol-
low-up visit, the treatment strategy allowed for a subsequent
treatment with the same allocated treatment.

Key Points

Question What is the risk of cutaneous squamous cell carcinoma
(cSCC) in patients with multiple actinic keratoses (AKs), and which
factors contribute to an increased risk?

Findings In this secondary analysis of a randomized clinical trial of
624 participants that compared 4 field-directed treatments, the
4-year risk of developing cSCC in a previously treated area of AK
was 3.7%. In patients with severe AK (Olsen grade III), the risk was
20.9%, and the risk was especially high (33.5%) in patients with
severe AK who needed additional treatment.

Meaning Olsen grade III AK was identified as a marker for an
increased risk of cSCC, as was the need for additional treatment.
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In patients who were assigned to 1 of the 3 creams, adher-
ence to the treatment regimen was evaluated using diaries that
were completed by patients during treatment. The patients
were asked to record the number of times they had applied the
cream, the duration of treatment, and reasons for ending the
treatment. Moreover, 2 weeks after treatment, patients were
contacted by telephone by an investigator (J.P.H.M.K.) who
checked how often they had applied the cream.

The primary outcome in this secondary analysis was the
4-year cumulative probability of a histologically proven in-
vasive cSCC in the target area. Secondary outcomes were the
associations between risk of developing invasive cSCC and a
priori defined potential prognostic factors: type of treat-
ment, the severity of AK lesions, history of NMSC, and addi-
tional treatment.

For each patient who had participated in the trial, a study
visit was planned for follow-up within a period of 2 to 5 years
after the end of treatment. An investigator (S.A.), who was
blinded to treatment assignment, evaluated whether a lesion
suggestive of cSCC was visible in the treated area using a trans-
parent sheet on which all AK lesions at baseline were drawn.
Clinical photographs that were taken at baseline were used as
a reference to check the localization of the lesions that were
already present at baseline. In case of doubt regarding whether
a diagnosed cSCC had arisen at the site of a former AK lesion,
an experienced oncodermatologist (K.M., N.W.J.K.-S., A.H-
.M.M.A., J.P.H.M.K., or M.J.M.d.R.) was consulted as a sec-
ond observer. If there was any suspicion of malignancy, a punch
biopsy was performed. If a patient had been diagnosed with
invasive cSCC before the follow-up visit, the exact location and
date of diagnosis were retrieved from the electronic patient da-
tabase of all participating centers. Whether and when pa-
tients had received any retreatments for AK until the date of
the study visit was also registered.

Statistical Analysis
Categorical variables are presented as numbers (percentages)
and continuous variables as means (SDs) or medians (ranges).
Time-to-event analysis was used to estimate the cumulative

probability of invasive cSCC. Follow-up started at the end of
treatment. In patients who developed an invasive cSCC, fol-
low-up ended at the date of diagnosis of cSCC. Observations
of patients who did not develop a cSCC were censored at the
date of the last follow-up visit. Both intention-to-treat and per
protocol analyses were performed.

Univariate and multivariate Cox regression models were
used to calculate hazard ratios (HRs) with 95% CIs and P val-
ues for each a priori defined potential prognostic factor. Ad-
ditional treatment that occurred later during follow-up was
entered as a time-dependent covariate. Fluorouracil was used
as the reference group because it was the treatment with the
highest effectiveness in terms of AK lesion reduction.

A 2-sided P < .05 was considered statistically significant.
All statistical analyses were performed with SPSS Statistics soft-
ware, version 23 (IBM Corp), and Stata software, version 14.0
(StataCorp LLC).

Results
Patients
A total of 624 patients (558 [89.4%] male and 66 [10.6%]
female; median age, 73 years [range, 48-94 years]) were ran-
domized to treatment with fluorouracil (155 patients), imiqui-
mod (156 patients), methylaminolevulinate PDT (156 pa-
tients), or ingenol mebutate (157 patients). Relevant baseline
characteristics are given in Table 1.

All patients were invited for a follow-up visit between July
1, 2019, and December 31, 2020. The median follow-up was 46
months (IQR, 39-51 months). A total of 74 patients did not at-
tend the follow-up visit mainly because of death from causes
unrelated to our study, refusal to attend follow-up visits, in-
ability to visit the hospital, and limited clinical research ac-
tivities during the COVID-19 pandemic (Figure 1). For these 74
patients, only data for the first 2 years after the end of treat-
ment were available.

During follow-up, 227 patients needed additional treat-
ment with field-directed therapy in the target area if they had

Table 1. Distribution of Baseline Characteristicsa

Characteristic Total (n = 624)
Fluorouracil
(n = 155)

Imiquimod
(n = 156)

Methylami-
nolevulinate
PDT (n = 156)

Ingenol mebutate
(n = 157)

Sex

Male 558 (89.4) 136 (87.7) 143 (91.7) 140 (89.7) 139 (88.5)

Female 66 (10.6) 19 (12.3) 13 (8.3) 16 (10.3) 18 (11.5)

Age, median (range), y 73 (48-94) 74 (48-90) 73 (59-89) 73 (55-90) 72 (51-94)

History of NMSC 353 (56.6) 90 (58.1) 82 (52.6) 86 (55.1) 95 (60.5)

Target area, median
(range), cm2

81 (25-100) 80 (27-100) 86.5 (25-100) 81 (25-100) 78 (25-100)

No. of AK lesions,
median (range)

16 (5-48) 16 (5-48) 16.5 (5-37) 16 (5-38) 15 (5-40)

Severity of AK

Olsen grade I 25 (4.0) 7 (4.5) 7 (4.5) 7 (4.5) 4 (2.5)

≥1 Lesion of Olsen
grade II

550 (88.1) 137 (88.4) 136 (87.2) 137 (87.8) 140 (89.2)

≥1 Lesion of Olsen
grade III

49 (7.9) 11 (7.1) 13 (8.3) 12 (7.7) 13 (8.3)

Abbreviations: AK, actinic keratosis;
NMSC, nonmelanoma skin cancer;
PDT, photodynamic therapy.
a Unless otherwise noted, data are

reported as number (percentage) of
patients.
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multiple AK lesions. The decision that there was an indica-
tion for additional treatment was at the discretion of the treat-
ing dermatologist. The probability of an indication for addi-
tional treatment within 4 years after the end of the first
treatment was lowest after treatment with fluorouracil (23.3%)
and significantly increased to 34.5% in the imiquimod group
(P = .04), 42.7% in the methylaminolevulinate PDT group
(P < .001), and 53.1% in the ingenol mebutate group (P < .001).

Of the 227 patients with an indication for additional treat-
ment, 218 (96.0%) actually received additional treatment.
The most frequently prescribed retreatment was fluoroura-
cil; 30 of 33 patients (90.9%) in the fluorouracil group, 36 of
49 patients (73.5%) in the imiquimod group, 61 of 63 patients
(96.8%) in the PDT group, and 61 of 73 patients (83.6%) in the
ingenol mebutate group received additional treatment with
fluorouracil.

Probability of Invasive cSCC During 4-Year Follow-up
A histologically proven invasive cSCC in the target area was
diagnosed in 26 patients. Of these 26 patients, 4 were in the
fluorouracil group, 10 in the imiquimod group, 6 in the me-
thylaminolevulinate PDT group, and 6 in the ingenol mebutate
group. All of the invasive cSCCs were observed in patients with
Olsen grades II and III AK. Four were located in a preexistent
grade III AK lesion, 14 in a preexistent grade II AK lesion, and 3
not in a preexistent AK lesion. For 5 cSCCs, whether they were
located in a preexistent AK lesion was uncertain. Seven pa-
tients had developed cSCC within 12 months after the end of
treatment. In the total study population, the 4-year risk of cSCC
after treatment was 3.7% (95% CI, 2.4%-5.7%).

The 1-year and 4-year cumulative risks of developing in-
vasive cSCC within randomized groups are given in the eTable

in Supplement 2. The results from the intention-to-treat analy-
sis indicate that the risk of cSCC was lowest in the patient group
that was initially treated with fluorouracil (2.2%; 95% CI, 0.7%-
6.6%) and was higher in patients treated with imiquimod (5.8%;
95% CI, 2.9%-11.3%), methylaminolevulinate PDT (3.6%; 95%
CI, 1.5%-8.6%), or ingenol mebutate (3.0%; 95% CI, 1.1%-
7.9%) (Figure 2).

Risk of Invasive cSCC Associated With Severity
of AK and Additional Treatment
Table 2 details the 4-year cumulative risk of developing inva-
sive cSCC according to severity of AK stratified by additional
treatment (no vs yes). The risk of invasive cSCC was higher
for patients who had received additional treatment (6.4%;
95% CI, 3.7%-10.7%) compared with patients who did not
receive additional treatment (2.1%; 95% CI, 1.0%-4.4%)
and was especially increased in patients with Olsen grade III
AK who received additional treatment (33.5%; 95% CI,
18.2%-56.3%).

Table 3 presents the results from multivariate Cox propor-
tional hazards regression analyses. The HRs represent the in-
dependent effect of a specific factor after adjustment for the
other factors in the model. The relative risk of developing
invasive cSCC in patients who received additional treatment
was 3.67 (95% CI, 1.52-8.81; P = .004). Olsen grade III AK (vs
Olsen grades I-II) was also associated with a significantly higher
risk of cSCC (HR, 6.72; 95% CI, 2.94-15.34; P < .001). The ad-
justed HRs for methylaminolevulinate PDT and ingenol mebu-
tate were close to 1, indicating that after adjustment for other
risk factors, the risk of invasive cSCC was comparable with that
after fluorouracil treatment. The adjusted HR for imiquimod
was 2.09 (95% CI, 0.65-6.74; P = .22).

Figure 1. Randomization and Follow-up of Study Participants

1174 Assessed for eligibility

550 Declined to participate

624 Randomized

155 Randomized to 
fluorouracil

156 Randomized to 
imiquimod

156 Randomized to 
MAL-PDT

157 Randomized to 
ingenol mebutate

4 Lost to follow-up
2
2

Died
Withdrew

3 Lost to follow-up
1
2

Died
Withdrew

3 Lost to follow-up
1
2

Died
Withdrew

3 Lost to follow-up
1
2

Died
Withdrew

151 At 1-y 
follow-up

153 At 1-y 
follow-up

153 At 1-y 
follow-up

154 At 1-y 
follow-up

16 Lost to follow-up
7
9

Died
Withdrew

13 Lost to follow-up
5
8

Died
Withdrew

12 Lost to follow-up
6
6

Died
Withdrew

20 Lost to follow-up
8

12
Died
Withdrew

135 At long-term
follow-up

140 At long-term
follow-up

141 At long-term
follow-up

134 At long-term
follow-up

MAL-PDT indicates
methylaminolevulinate
photodynamic therapy.
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Discussion

This secondary analysis of a randomized clinical trial evalu-
ated the incidence of invasive cSCC within the specific area that
was treated for multiple AK lesions with 1 of 4 field-directed
therapies. A histologically proven cSCC in the target area was
diagnosed in only 26 patients. The 4-year risk of developing
cSCC in a previously treated area of AK was 3.7% overall and
varied from 2.2% in patients treated with fluorouracil to 5.8%
in patients treated with imiquimod. In patients with severe AK
(Olsen grade III), the risk of cSCC was 20.9%, and the risk was
especially high (33.5%) in patients with severe AK who needed
additional treatment.

The higher risk of cSCC development in patients who needed
additional treatment, specifically those with 1 or more AK grade
III lesions, confirms the findings of previous studies19,20 in which
rapid recurrence or persistence after therapy, hyperkeratosis,
and palpability were found as risk factors for cSCC in AK. This

finding could indicate that the need for additional treatment may
be an indicator of an underlying condition that did not re-
spond to treatment.

Whether AKs transform into invasive cSCC or whether sun-
damaged skin is the underlying reason why patients with AK also
have increased risk of invasive cSCC has long been debated.2 In
the current study, 18 of the 26 invasive cSCCs were located in pre-
existent lesions. This finding may indicate that AK lesions can
transform into invasive cSCC, but the possibility that these le-
sions were already invasive cSCC before treatment was started
cannot be excluded, although clinical assessment of AK was per-
formed by 2 physicians independently. An important question
that remains to be answered is whether treatment resulting in
reduction of AK lesions also results in preventing progression of
those AK lesions into invasive cSCC.

The effectiveness of fluorouracil as a chemoprevention
strategy was demonstrated by Weinstock et al,11 who per-
formed a randomized clinical trial that compared fluoroura-
cil with placebo in veterans with substantial sun exposure and

Figure 2. Cumulative Probability of Cutaneous Squamous Cell Carcinoma (cSCC)–Free
Survival According to Treatment
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Table 2. The 4-Year Cumulative Risk of Invasive cSCC According to the Severity of AK Stratified by Additional Treatment

Treatment
No. of
patients

Fluorouracil
(n = 155)

Imiquimod
(n = 156)

Methylaminolevu-
linate PDT
(n = 156)

Ingenol
mebutate
(n = 157) Total (n = 624)

4-Year risk of cSCC, %
(95% CI)

Retreatment

No 406 1 6 0 1 8 2.1 (1.0-4.4)

Olsen grade I-II
AK

383 1 5 0 1 7 2.2 (1.0-4.6)

Olsen grade III
AK

23 0 1 0 0 1 0a

Yes 218 3b 4b 6b 5b 18b 6.4 (3.7-10.7)

Olsen grade I-II
AK

192 1 2 2 5 10 2.7 (1.1-6.4)

Olsen grade III
AK

26 2 2 4 0 8 33.5 (18.2-56.3)

Total 624 4 10 6 6 26 NA

4-Year risk cSCC, %
(95% CI)

NA 2.2 (0.7-6.6) 5.8 (2.9-11.3) 3.6 (1.5-8.6) 3.0 (1.1-7.9) 3.7 (2.4-5.7) NA

Abbreviations: AK, actinic keratosis; cSCC, cutaneous squamous cell carcinoma;
NA, not applicable; PDT, photodynamic therapy.
a Cutaneous SCC occurred 4 years after treatment.

b Additional treatment was given with fluorouracil.
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a history of at least 2 keratinocyte carcinomas. After 1 year, the
risk of cSCC was significantly lower in the fluorouracil group
than in the placebo group (1% vs 4%). This difference dis-
appeared at 4 years of follow-up, when 11% of the patients in
the fluorouracil group had developed cSCC vs 12% in the pla-
cebo group. The authors concluded that a single 2- to 4-week
fluorouracil course is effective in reducing the risk of cSCC
for the first year after use, and yearly treatment with fluoro-
uracil is suggested. However, the high-risk population in this
study makes these findings less generalizable to other pa-
tients with AK.

The current randomized clinical trial allowed for compari-
son of long-term SCC risk after 4 different field-directed treat-
ments. The HRs using the fluorouracil group as the reference
category show a slightly increased risk of cSCC in patients who
initially had one of the other treatments. However, none of
these HRs were statistically significant, and approximately one-
third of patients received additional treatment, mostly with
fluorouracil. Therefore, the findings in this study do not per-
mit definite conclusions on whether fluorouracil is the most
effective treatment for preventing the development of inva-
sive cSCC.

The finding that imiquimod treatment was associated with
an increased risk of cSCC may be attributable to chance. Cur-
rently, no studies have found that imiquimod treatment of AK
leads to an increased risk of developing cSCC. An alternative
explanation may be that in the imiquimod group, only 25% of
patients received additional treatment with fluorouracil,
whereas in the methylaminolevulinate PDT and ingenol mebu-
tate groups, these percentages were much higher.

Ingenol mebutate has been reported to potentially be
linked to increased risk of developing skin cancer.21,22 Conse-
quently, the European Medicines Agency has recommended
that the use of ingenol mebutate be suspended until further
investigations demonstrate the safety of the product.21 We did

not find any evidence of a higher risk of cSCC after ingenol
mebutate gel treatment compared with the other treatments.

Limitations
This study has some limitations. The sample size was calcu-
lated to compare 4 field-directed treatments of AK with re-
spect to effectiveness on the reduction of AK lesions and not
for comparing long-term risk of invasive cSCC. Thus, a limita-
tion is the small number of cSCC events, resulting in low power
to detect small but relevant differences in long-term risk of cSCC
with significance. Furthermore, the decision to give addi-
tional treatment was at the discretion of the treating derma-
tologist, and there were no predefined criteria for the need for
additional treatment. However, misclassification of the need for
additional treatment by dermatologists can occur in 2 direc-
tions: no additional treatment in patients needing additional
treatment and additional treatment in patients not needing ad-
ditional treatment. Such so-called nondifferential misclassifi-
cation generally leads to bias of a true effect toward the null
value. Therefore, it is likely that the positive association that was
found in this study represents a real effect that has been un-
derestimated rather than overestimated.23

Finally, a placebo group was not available: all patients re-
ceived treatment with an active ingredient. Therefore, more
studies are necessary to conclude whether treatment could be
omitted in patients with low-risk AK.

Conclusions
In this secondary analysis of a randomized clinical trial, the
risk of invasive cSCC was highest in patients with Olsen grade
III AK lesions and was substantially increased in patients who
received additional treatment. We therefore recommend close
follow-up of these patients.

Table 3. The 4-Year Cumulative Risk of Invasive cSCC According to History of NMSC, Severity of AK,
Randomized Treatment, Additional Treatment, and Corresponding HRs

Characteristic
No. of
patients

Cumulative risk of cSCC, %
(95% CI) (n = 26)

Univariate analysis, HR (95%
CI) P value

Multivariate analysis, HR
(95% CI) P value

History of NMSC

Yes 353 4.8 (2.9-7.8) 1.21 (0.53-2.74)
.65 1.39 (0.60-3.19) .44

No 271 2.2 (0.9-5.2) 1 [Reference]

Severity of AK

Olsen grade IIIa 49 20.9 (10.8-38.1) 7.11 (3.16-15.99)
<.001 6.72 (2.94-15.34) <.001

Olsen grades I-II 575 2.4 (1.4-4.2)b 1 [Reference]

Randomized treatment

Imiquimod 156 5.8 (2.9-11.3) 2.58 (0.81-8.26) .11 2.09 (0.65-6.74) .22

Methylaminolevulinate
PDT

156 3.6 (1.5-8.6) 1.48 (0.42-5.26) .54 1.00 (0.27-3.62) >.99

Ingenol mebutate 157 3.0 (1.1-7.9) 1.35 (0.38-4.79) .65 0.86 (0.24-3.13) .82

Fluorouracil 155 2.2 (0.7-6.6) 1 [Reference] NA NA NA

Additional treatment after
end of study treatment

Yes 218 6.4 (3.7-10.7) 3.80 (1.61-8.97)
.002 3.67 (1.52-8.81) .004

No 406 2.1 (1.0-4.4) 1 [Reference]

Abbreviations: AK, actinic keratosis; cSCC, cutaneous squamous cell carcinoma;
HR, hazard ratio; NA, not applicable; NMSC, nonmelanoma skin cancer;
PDT, photodynamic therapy.

a One or more lesions of Olsen grade III.
b No cSCCs were found in patients with Olsen grade I.
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