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Background: Ingenol mebutate (IM), a novel agent for field therapy of actinic keratosis (AK), 

has a drawback of inducing local skin reactions (LSRs), which may cause discomfort in patients. 

To reduce the LSRs, we tried the application of IM in low amounts.

Objective: The purpose of this study was to review Korean patients with AK being treated with 

IM and evaluate the LSRs and therapeutic outcomes of low amounts of IM.

Methods: We retrospectively reviewed 47 patients with AK on the face. A total of 20 and 27 

patients were treated by applying recommended amount of 18.8 mg/cm2 and the lower amount 

of 10 mg/cm2, respectively.

Results: The mean composite LSR score for the low amount group (LAG; 12.18±3.29) was 

significantly lower than that for the recommended amount group (RAG; 15.45±2.70) (P<0.01, 

independent sample t-test). The 2-month clearance rate calculated by the number of AKs before 

and after treatment in each patient was significantly higher for RAG (88.16%), compared with 

75.56% for LAG (P<0.001).

Conclusion: Low amount of IM for the treatment of facial AK significantly reduced LSRs in 

Korean patients. Minimizing LSRs may allow for a secondary targeting treatment of IM for the 

residual lesions, depending on initial treatment outcomes.
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Background
Ingenol mebutate (IM) is a new topical drug for field therapy of actinic keratosis (AK).1,2 

The distinctive advantage of IM is its short treatment period consisting of once-daily 

application for two or three consecutive days, which generally leads to better adherence 

to treatment and can improve patients’ quality of life, especially for patients who are 

easily deterred by long treatment periods.3–5 However, there are inevitable local skin 

reactions (LSRs), such as erythema, flaking/scaling, and crusting, associated with the 

application of IM, which can reduce patient compliance, particularly when these LSRs 

are accompanied by severe pain. Furthermore, the development of LSR and LSR-related 

pain cannot be predicted before the start of the treatment, though LSR is hypothesized 

to be different according to the degree of lesional cell differentiation and the dose of 

IM.6,7 Especially, among Asian patients with Fitzpatrick skin type III–IV, LSRs may 

be different from those of Caucasian patients, which may resolve within 2 weeks.8

The authors experienced several cases of patients with painful LSRs after apply-

ing the recommended amount of IM (one tube/25 cm2) in Korean patients with AK 

on the face. In an attempt to reduce LSRs and patients’ complaints associated with 
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pain, we tried to apply low amount of IM. In this research, 

we retrospectively reviewed these cases and evaluated the 

LSRs, pain score, and therapeutic outcomes of the low 

amount group (LAG) compared with the recommended 

amount group (RAG).

Methods
Patients and methods
We performed a retrospective review of 47 patients with a 

histopathological diagnosis of facial AK, who received IM 

treatment from December 2014 to December 2015 at the 

Dongsan Hospital in Keimyung University Health System, 

Daegu, Korea. All patients had not received previous treat-

ment for their AKs.

A review of each patient’s medical record, including 

age, sex, clinical stage,9 pathologic report, and mode of IM 

treatment, number of AKs before and after treatment, LSRs, 

and the degree of pain was performed. Photographs were 

taken before the initial treatment and on every visit during 

follow-up periods. LSR is categorized into erythema, flaking/

scaling, crusting, swelling (edema), vesiculation/pustulation, 

and erosion/ulceration and scored using the numeric grade 

of severity (0–4, with 4 being the highest grade of severity) 

on every visit.8 The composite LSR score was calculated by 

adding the scores of each six LSRs. Pain scores were recorded 

by using the 10 cm visual analog scale (VAS), with 0 being 

“no pain” and 10 being “extremely painful.”10

The application method of IM
Patients visited the outpatient department daily for three con-

secutive days to receive treatment using 0.015% IM (Picato®; 

Leo Pharma, Dublin, Ireland) by a single dermatologist. Twenty 

patients who were treated from December 2014 to April 2015 

were given the manufacturer’s recommended amount (one 

tube/25 cm2, 18.8 mg/cm2), whereas 27 patients who were 

treated from May 2015 to December 2015 were given a lower 

amount (10 mg/cm2). A precision balance (Analytical Bal-

ance: Sartorius Model “Entris224i-1S”) was used for accurate 

measurement of the IM amount for each patient (Figure 1).

Evaluation of the therapeutic outcomes
Therapeutic outcomes were clinically evaluated 2 months 

after the initial IM application by using photographs and 

medical records. The following variables were included in 

the analysis: completion of three consecutive applications; 

composite LSR score; pain score; clearance rate of AK 

lesions. Each patient’s clearance rate was calculated as: (the 

number of AK decreased after treatment/the number of AK 

before treatment) × 100 (%). Partial clearance was defined as 

>75% clearance rate. If the size of the lesion was >0.25 cm2, 

the number of AK was counted as one per 0.25 cm2 of area 

(ie, 3.7 cm2 – number of AK: 15).

Ethical approval
This study protocol was approved by the Institutional Review 

Board of Keimyung University (IRB No. 2015-09-025), 

Dongsan Medical Center, and was conducted according to 

the principles of Declaration of Helsinki. All patients signed 

a consent form to participate in the study, and further consent 

was received from patients whose photographs have been 

used for publication.

Statistical analysis
Discrete variables were described with counts and percent-

ages. For continuous variables, the median (range) or mean 

± standard deviation was calculated, as appropriate for the 

distribution of the data. Between-group differences in age, 

clearance rate of AKs, maximum composite LSR score, 

and maximum pain score were evaluated using independent 

sample t-tests. Linear regression analysis was performed to 

evaluate the association between the incidence and severity of 

LSRs and pain score. All statistical analyses were performed 

with SPSS (version 19.0, IBM Corporation, Armonk, NY, 

USA), with the level of significance set at P<0.05. 

Results
The relevant characteristics of our study group are listed 

in Table 1. The group consisted of 31 women and 16 men, 

with a mean age of 75.93 years (range, 59–91 years). Seven 

and 21 patients had a concurrent diagnosis of diabetes and 

hypertension, respectively. Twenty patients received the man-

ufacturer’s recommended amount (18.8 mg/cm2),  forming 

Figure 1 An example of application: after measuring the area of application site, 
the amount of ingenol mebutate (IM) to be applied is measured using a precision 
balance (A). The amount of IM is then equally spread to the affected area with a 
gloved finger (B and C).

A C

B
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Figure 2 Local skin reactions (LSRs) after applying recommended amount (18.8 mg/cm2) of ingenol mebutate in patient no. 1: (A) before application; (B) on day 1 after the 
first application; (C) on day 1 after the second application; (D) on day 1 after the third application (maximum composite LSR score: 19); (E) after 2 weeks from the first 
application; and (F) after 1 month from the first application (composite LSR score: 3).

A B C

D E F

Figure 3 Local skin reactions (LSRs) after applying low amount (10 mg/cm2) of ingenol mebutate in patient no. 23: (A) before application; (B) on day 1 after the first 
application (the application was discontinued due to the occurrence of bulla, maximum composite LSR score: 9); (C) after 2 days; (D) after 3 days; (E) after 2 weeks; and 
(F) after 1 month (composite LSR score: 1).

A B C

D E F

the RAG, and 27 received the lower amount (10 mg/cm2), 

forming the LAG. The clinical stage was classified into 

three grades in RAG and LAG, respectively. There was no 

statistically significant difference in age and clinical stage 

distribution between the two groups.

The LSR score and clearance rate of our treatments are 

listed in Table 2. For the RAG, the maximum composite LSR 

score exceeded 10 points in all cases (mean score: 15.45±2.70) 

and remained above 3 points at 1 month posttreatment in eight 

cases (8/20, 40%) (Figure 2). In contrast, the mean maximum 
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composite LSR score for the LAG was 12.18±3.29, with no 

cases remaining above a score of 3 points at the 1 month post-

treatment (Figure 3). The difference in this score between the 

two groups was statistically significant (P<0.01, independent 

sample t-test) (Table 2). The groups also differed significantly 

in terms of maximum pain score, with a mean maximum pain 

score of 7.95±1.00 for the RAG and 6.55±1.42 for the LAG. 

In correlation analysis, there was a significant correlation 

between maximum pain score and maximum composite LSR 

score (maximum pain score = 0.241 × (maximum composite 

LSR score) + 4.342, linear regression analysis, P<0.001).

In terms of therapeutic outcomes, complete clearance was 

achieved in nine cases (9/20, 45%) in the RAG, whereas there 

was one case of complete clearance in the LAG (Table 2). 

In addition, there was a significant difference of mean clear-

ance rate (%) between the groups (RAG: 88.16±12.30, LAG: 

75.56±9.44, P<0.001). However, it is noteworthy that mean 

clearance rate was not significantly correlated with both 

maximum composite LSR score and pain score (P=0.509 

and 0.40, respectively, linear regression analysis).

Discussion
Although ~60% of squamous cell carcinomas (SCCs) origi-

nate from AK,11 the real progression rate from AK toward an 

invasive SCC has been reported to vary between 0.025% and 

20%.12,13 Nevertheless, the reason why AK should be treated 

is because we cannot predict which AK will transform into an 

invasive SCC. Various therapeutic approaches have been used 

for the treatment of AKs, including lesion-specific therapies, 

such as cryotherapy, laser therapy, and curettage, as well 

as field-directed therapies, such as imiquimod and topical 

photodynamic therapy.14–16 While deciding on the treatment 

method, a number of factors should be considered. First, as 

the risk of SCC increases with the number of AK lesions,17 

treatment modalities should differ according to the number 

of AKs.18 In particular, field treatment, which can treat both 

clinical and subclinical lesions, should be actively sought for 

multiple lesions. Second, patient preference and compliance 

should be taken into account because AK is a premalignant 

lesion, which requires continuous observation and treatment.

IM, a recently developed, novel agent for AK treatment, 

has a drawback of inducing LSRs, which may cause signifi-

cant discomfort when self-administered by patients. Even 

though no case of scar formation after application of IM 

on AK lesions has been reported,3 excessive inflammatory 

reaction may eventually lead to scarring,19,20 and therefore 

an active prevention and intervention of severe LSRs may 

be required. The authors experienced severe LSRs in Korean 

patients with AK after applying the recommended amount 

of IM. The maximum composite LSR score was >10 in all 

patients of RAG, and contrary to previous literature,8 the 

LSR score remained >3 points for 8/20 patients (40%) at 

1 month after initial treatment. This could be related to the 

difference of race and skin thickness, and there is a need to 

reduce LSRs in Asian patients.

Interestingly, despite the high incidence of LSRs in our 

RAG, complete clearance of AK lesions in the treated area 

was achieved in only nine cases (45%). This low complete 

clearance rate could have resulted from inadequate absorp-

tion of the drug into the epidermis, due to hyperkeratosis, or 

due to subclinical AK lesions that might have emerged after 

partial removal of the epidermis. Therefore, a second cycle 

of IM treatment or application of a different treatment will 

eventually be necessary to treat residual lesions.

In fact, previous research has indicated that the develop-

ment of LSRs after IM application is not correlated with 

Table 1 Characteristics of patients in the RAG (18.8 mg/cm2) 
and the LAG (10 mg/cm2)

RAG LAG P-value

Patients, n 20 27 NA
Sex, n (%)

Male 3 (15.0) 13 (48.0) NA
Female 17 (85.0) 14 (52.0) NA

Age (range, years) 59–90 63–91
Mean ± SD 75.65 ± 7.02 76.14 ± 7.79 0.820

Clinical stage, n (%)
Stage I 8 (40.0) 9 (33.3) NA
Stage II 9 (45.0) 14 (51.8) NA
Stage III 3 (15.0) 4 (14.8) NA

Note:  P-value, independent samples t-test.
Abbreviations: RAG, recommended amount group; LAG, low amount group; NA, 
not applicable; SD, standard deviation

Table 2 LSR score and clearance rate of patients in the RAG 
(18.8 mg/cm2) and the LAG (10 mg/cm2)

RAG (n = 20) LAG (n = 27) P-value

Maximum composite LSR 
score, mean ± SD

15.45 ± 2.70 12.18 ± 3.29 <0.01

Maximum pain score (VAS), 
mean ± SD

7.95 ± 0.99 6.55 ± 1.42 <0.001

Clearance rate (%), range 66.67 – 100 63.64 - 100
Mean ± SD 88.16 ± 12.30 75.56 ± 9.44 <0.001

Cases of complete 
clearance (%)

9/20 (45.0) 1/27 (3.7)

Cases of partial clearance (%) 18/20 (90.0) 12/27 (44.4)
Reduction in total lesion 
count after 2 months (%)

134/157 (85.4) 283/373 (75.9)

Notes: Clearance rate = (the number of AK decreased after treatment/the number 
of AK before treatment) × 100 (%); partial clearance, >75% clearance rate. P-value, 
independent samples t-test.
Abbreviations: LSR, local skin reaction; RAG, recommended amount group; LAG, 
low amount group; VAS, visual analog scale; SD, standard deviation; AK, actinic 
keratosis.
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actual treatment efficacy,8 and therefore, it would be ideal 

to minimize LSRs as much as possible. To reduce LSRs, we 

reduced the applied amount of IM, achieving a 75.56% mean 

clearance rate with a significant reduction in pain and LSRs. 

Although this clearance rate was significantly lower than the 

88.16% for the RAG, it can be alleviated by a second cycle 

of treatment of IM. Since the risk for LSR has been shown 

to be lower with second cycles of IM treatment due to the 

reduced number of target cells,7 treatment for residual lesions 

may be administered safely. 

The present study is limited by its retrospective design. 

Therefore, follow-up cannot be performed until 6 months 

because the patient do not visit. Regardless, at 2 months, the 

treatment effect was positive and our results are clinically 

important, providing evidence of application of low amount 

of IM in reducing LSRs in Korean patients with facial AKs. 

Of course, it is necessary to estimate the treatment effect 

for >6 months in prospective study. Also, minimizing LSRs 

may allow for a secondary targeting treatment of IM for the 

residual lesions, depending on initial treatment outcomes.

Conclusion
We carefully suggest that a repeated targeting treatment in 

residual lesion after the application of low amount may be 

safe and cost-effective treatment option in Asian populations. 

Future randomized controlled trials may be needed to deter-

mine the optimal amount and proper number of treatment 

cycle for the management of AK lesions in Asian populations.
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