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Abstract: Lesion-directed and field-directed therapies are used to treat actinic keratosis (AK). 

Therapeutic approaches that combine both types of therapies may improve the successful 

elimination of AKs. A randomized, double-blind, vehicle-controlled study evaluated the safety, 

tolerability, and efficacy of topical field treatment with ingenol mebutate gel, 0.015%, after 

cryosurgery to AKs on the face and scalp. Patients with 4–8 visible discrete AKs in a 25-cm2 

contiguous area received cryosurgery of all AKs at baseline. After a 3-week healing period, 

patients applied ingenol mebutate gel, 0.015%, or vehicle gel once daily for 3 consecutive days 

to the treatment area. The incidence, severity, and time course of the development and resolution 

of local skin reactions were measured from baseline to week 11. Local skin reactions peaked 

shortly after completion of ingenol mebutate treatment and generally resolved within 2 weeks. 

The mean (95% confidence interval) composite score (maximum range, 0–24) for these reactions 

was higher in patients with treatment of AKs on the face, 9.3 (8.5–10.1), as compared with the 

scalp, 5.8 (4.3–7.4). Erythema and flaking/scaling were the major contributors to the composite 

local skin reaction score. These results show that local skin reactions associated with ingenol 

mebutate treatment of the face or scalp are well tolerated after recent cryosurgery.
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Introduction
Actinic keratosis (AK) is a common skin disease in older, fair-skinned people and is 

the consequence of cumulative exposure to ultraviolet light. The presence of AK is 

associated with an increase in the risk of invasive squamous cell carcinoma (SCC), 

although which specific AKs will progress to SCC cannot be predicted. The fact 

that the majority of clinically diagnosed SCCs originate from concomitant or con-

tiguous AKs1–4 supports the importance of evaluation and treatment of these lesions. 

 Cryosurgery is the most commonly used treatment for AK.5,6 Cryosurgery fails to treat 

the field cancerization of perilesional skin, however, and thus AK recurrence rates 

are  significant.7 The utilization of field-directed treatment after cryosurgery improves 

clearance rates for AK compared with cryosurgery alone.8–10 Unfortunately, many 

topical field therapies require application for several weeks, and patients with AK 

may not adhere completely to regimens of long duration.11 Ingenol mebutate gel is a 

topical treatment for AK that has demonstrated significant clinical efficacy in achiev-

ing sustained clearance of AKs.12,13 Treatment with ingenol mebutate is well tolerated, 

and adherence to the 2-day or 3-day regimen is high.
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A recent study compared the safety and efficacy of 

ingenol mebutate gel, 0.015%, with vehicle gel treatment 

started at 3 weeks after cryosurgery.14 The study involved 

329 patients who had 4–8 AKs in a 25-cm2 area of the face 

or scalp. At 11 weeks after cryosurgery (8 weeks after topical 

treatment), the rate of complete clearance (no AKs present) 

was significantly higher in the ingenol mebutate group than 

in the vehicle group (60.5% versus 49.4%, respectively; 

P=0.04); the partial clearance rate ($75% of baseline lesions) 

was also significantly higher with ingenol mebutate than 

with vehicle (77.8% versus 67.3%, respectively; P=0.05).14 

Adverse events related to ingenol mebutate were predomi-

nantly application-site conditions that were transient and 

generally mild to moderate in severity, with no evidence of 

added irritation resulting from recent cryosurgery.14

We conducted a subanalysis from this primary study to 

characterize the frequency, severity, and time course of local 

skin reactions (LSRs) separately for the face and the scalp to 

evaluate any differences in the reactions to ingenol mebutate 

at these separate anatomic sites.

Materials and methods
The methods for this randomized, double-blind, vehicle-

controlled Phase III study have been previously described 

in detail14 and are briefly summarized here. All patients 

were $18 years of age and had 4–8 clinically typical, visible, 

discrete AKs within a contiguous 25-cm2 area of the face or 

scalp. Enrollment was controlled so that approximately 80% 

and 20% of patients had face and scalp AK, respectively. 

At baseline (visit 1), all patients were randomized to one 

of two treatment groups in a blinded fashion; all patients 

received cryosurgery to all baseline AKs in the treatment 

area, in accordance with each investigator’s normal practice. 

After approximately 3 weeks to allow for healing, patients 

applied topical ingenol mebutate gel, 0.015%, or vehicle 

gel to the treatment area once daily for 3 consecutive days 

(beginning at visit 2). Short-term follow-up began at 1 day 

after the last application of the study medicine (visit 3), with 

a +3-day window for the visit; follow-up visits occurred at 

week 5, 7, and 11 (visits 4–6) after cryosurgery. LSRs were 

assessed at all visits through week 11, and lesion counts 

were assessed at baseline, week 3, and week 11 (Figure 1). 

Patients were followed for 12 months. The LSRs were evalu-

ated for six parameters (erythema, flaking/scaling, crusting, 

swelling, vesiculation/pustulation, and erosion/ulceration) 

and graded on a scale from 0 to 4 (higher  numbers indicate 

greater severity), as previously described.12 The composite 

LSR score was the sum of the six individual scores and 

could range from 0 to 24. All diagnoses and evaluations were 

made by a board-certified or board-eligible  dermatologist. 

LSR assessment
Treatment

phase
Follow-up

phase
AK lesion count

Arm A

Arm B

Visit

Cryosurgery Vehicle gel

Ingenol
mebutate gel,

0.015%Cryosurgery

1

0 3 weeks 11 weeks7 weeks5 weeks

Time from initial cryosurgery

3 weeks +
3 days

2 3 4 5 6

Cryosurgery and ingenol
mebutate gel, 0.015%

Cryosurgery and
vehicle gel

Figure 1 study design.
Abbreviations: aK, actinic keratosis; lsr, local skin reaction.
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The same  dermatologist generally performed all  examinations 

for individual patients.

Results
Patient disposition and demographics
Of the 329 patients enrolled in the study, 167 were randomized 

to ingenol mebutate gel, 0.015%, and 162 to vehicle gel.14 

The median age of the patients was 67 (range 34–89) years, 

and most patients (82.4%) were male; median duration of AK 

history was 10.3 (range 0–55) years, and 89.1% of patients 

had undergone previous cryosurgery for AK (data on file, 

LEO Pharma A/S, 2013).14 The baseline characteristics of the 

two treatment groups were similar (Table 1). Nine patients 

randomized to ingenol mebutate and 12 patients randomized 

to vehicle withdrew from the study following cryosurgery 

without having applied any topical treatment.14 Nearly all 

of the patients who continued in the study applied all three 

doses of topical treatment.14 Of the 158 patients who entered 

the topical treatment phase of the study and were assigned to 

ingenol mebutate at randomization, 155 completed the study 

through visit 6 (week 11).14

local skin reactions
At baseline, the mean composite LSR score was similar 

between the ingenol mebutate and vehicle groups. After 

cryosurgery, the mean composite LSR scores decreased 

slightly in all groups over the 3-week period prior to topical 

field treatment. Shortly after ingenol mebutate treatment, at 

visit 3, the mean (95% confidence interval) composite LSR 

score in patients who treated the face, 9.3 (8.5–10.1; n=120), 

was higher than the composite score in patients who treated 

the scalp, 5.8 (4.3–7.4; n=36; Figure 2A and B). The median 

and upper limits of the range of composite LSR scores at 

visit 3 were also higher for the face than the scalp (Table 2). 

In the subset of patients treated with ingenol mebutate in 

which visit 3 occurred exactly 1 day after the last applica-

tion, the composite score was 10.1 (8.9–11.3) after treatment 

of the face (n=57) and 5.2 (3.4–7.0) after treatment of the 

scalp (n=18). The time course of each component reaction 

was similar to the time course of the composite LSR score 

(Figure 3A and B). At visit 4, the values for the mean, stan-

dard deviation, and median for each of the six component 

reactions were all less than 1. Erythema and flaking/scaling 

were the major contributors to the composite LSR score for 

patients treating the face or the scalp (Figures 3A, B, 4A, 

and B). Erythema was 30% (2.8/9.3) and 33% (1.92/5.8) of 

the mean composite score for the face and scalp, respectively. 

Flaking/scaling was 25% (2.36/9.3) and 22% (1.28/5.8) of 

the composite score for the face and scalp, respectively. At 

week 5, 2 weeks after topical treatment, the mean composite 

LSR score in the ingenol mebutate group for both the face 

and the scalp returned to a score similar to that of visit 2 

(Figure 2A and B). Although the component and composite 

LSR scores of visit 3 were higher for the face than the scalp, 

the time course of LSR resolution was similar.

At the time of peak LSR development (visit 3), grade 4 

component LSRs were infrequent. Of patients who treated 

the face, 27.5%, 13.3%, and 11.7% had grade 4 reactions of 

erythema, flaking/scaling, and crusting reactions, respectively 

(Figure 5A); among patients treating the scalp, the correspond-

ing frequencies were 5.6%, 2.8%, and 2.8%. For the parameters 

Table 1 Patient characteristics at baseline

Characteristic All  
patients  
(N=329)

Ingenol  
mebutate  
(n=167)

Vehicle 
(n=162)

Male patients (%) 82.4 82.6 82.1
Mean age (years) 67.0 66.7 67.4
race (%)
 Caucasian 100 100 100
ethnicity (%)
 not hispanic or latino 98.8 98.2 99.4
 hispanic or latino 1.2 1.8 0.6
skin type
 I 15.2 15.0 15.4
 II 48.0 46.7 49.4
 III 27.7 28.7 26.5
 IV 8.2 8.4 8.0
 V 0.9 1.2 0.6
aK characteristics
 Mean aK lesion count - 5.74 5.82
 location of aK lesions
  Face 80.5 78.4 82.7
  scalp 19.5 21.6 17.3
Positive skin cancer history (%) 47.1 49.7 44.4
aK treatment history
 Mean duration of aK (years) 11.9 12.9 11.0
 Previous treatment (%)
   Cryosurgery/liquid  

 nitrogen
89.1 88.6 89.5

  excision/curettage 15.5 13.2 17.9
  5-Fluorouracil 18.5 16.8 20.4
  Imiquimod 17.3 15.0 19.8
  Diclofenac 8.8 9.6 8.0
  Photodynamic therapy 14.6 15.0 14.2
  retinoids 1.5 1.2 1.9
   Ingenol mebutate (trunk  

 and extremities)
3.3 3.0 3.7

  Other 6.7 7.2 6.2

Note: Modified with permission from Berman B, Goldenberg G, Hanke CW, et al.  
Efficacy and safety of ingenol mebutate 0.015% gel 3 weeks after cryosurgery of 
actinic keratosis: 11-week results. J Drugs Dermatol. 2014;13(2):154–160.14  Copyright 
© 2014.
Abbreviation: aK, actinic keratosis. 
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of swelling, vesiculation/pustulation, and erosion/ulceration, 

grade 4 reactions occurred in ,9% and ,3% of patients treat-

ing the face and scalp, respectively (Figure 5A and B).

Photographs of two patients taken at each of the study 

visits show the treatment site, development of LSRs, and 

resolution of LSRs at the time of visit 4, 2 weeks after the 

application of ingenol mebutate. Patient 1 treated a portion 

of the cheek (Figure 6) and patient 2 treated a portion of the 

forehead (Figure 7).

Discussion
Ingenol mebutate gel, 0.015%, is a short-duration field treat-

ment for AK involving once-daily application for 3 consecutive 

days to treat the face and scalp. In this study, ingenol mebutate 

was applied to a 25-cm2 area in which recent cryosurgery 

had been used to treat 4–8 clinically diagnosed AKs. LSRs 

developed rapidly after application of ingenol mebutate gel, 

peaked in severity shortly after completion of treatment, and 

returned to near baseline levels 2 weeks later. This was similar 

to the time course of the development and resolution of LSRs 

in Phase III studies of ingenol mebutate gel monotherapy.12

The severity of LSRs in this study was also similar to the 

severity in the ingenol mebutate gel monotherapy studies.12 
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Figure 2 Mean composite lsr score (95% CI) by visit, for the lsr analysis set. (A) Data shown for all patients who applied topical gel to the face and had lsr assessments: ingenol 
mebutate (n=121, visits 1 and 2; n=120, visits 3, 5, and 6; n=119, visit 4) and vehicle (n=122, visits 1 and 2; n=120, visit 3; n=119, visit 4; n=118, visit 5; n=121, visit 6). (B) Data 
shown for all patients who applied topical gel to the scalp and had lsr assessments: ingenol mebutate (n=36, all visits) and vehicle (n=28, visits 1, 2, 3, 4, and 5; n=27, visit 6). 
Abbreviations: CI, confidence interval; LSR, local skin reaction.

Table 2 Composite lsr score by visit and anatomic location for 
patients treated with ingenol mebutate gel, 0.015%

Visit Time Facea Scalpb

Mean  
(SD)

Median  
(range)

Mean  
(SD)

Median 
(range)

1 Day 1 2.3 (2.0) 2.0 (0–7) 1.8 (1.7) 2.0 (0–6)
2 Week 3 1.2 (1.3) 1.0 (0–6) 1.2 (1.3) 1.0 (0–5)
3 Week 3 +  

3 days
9.3 (4.5) 9.0 (0–20) 5.8 (4.6) 5.0 (0–17)

4 Week 5 1.8 (1.9) 1.0 (0–11) 1.7 (1.6) 1.0 (0–5)
5 Week 7 0.8 (0.9) 0.5 (0–4) 0.8 (1.0) 0.0 (0–4)
6 Week 11 0.6 (0.9) 0.0 (0–3) 0.9 (1.2) 0.0 (0–5)

Notes: an=121, visits 1 and 2; n=120, visits 3, 5, and 6; n=119, visit 4. bn=36, all visits. 
Abbreviations: sD, standard deviation; lsr, local skin reaction.
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Abbreviation: lsr, local skin reaction.
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At 1 day after completion of sequential therapy on the face, 

the mean composite LSR score in the present study was 

10.1 (range 8.9–11.3; n=57) compared with 9.3 (range 

8.7–9.8; n=217) in the ingenol mebutate monotherapy study 

(data on file, LEO Pharma A/S, 2013). For the scalp, these 

values were 5.2 (range 3.4–7.0; n=18) and 6.7 (5.7–7.7; n=56) 

for sequential therapy and monotherapy, respectively (data 

on file, LEO Pharma A/S, 2013). In both studies, erythema 

and flaking/crusting were the major contributors to the com-

posite LSR score.

The finding of higher LSR scores on the face than the 

scalp may be the result of multiple factors. The skin of the 

face is thinner and has fewer hair follicles than the skin 

of the scalp. Also, AKs on the scalp are generally thicker 

than those seen on the face, which may restrict absorption 

of ingenol mebutate on the scalp. If the severity of LSRs is 

related to selective absorption by abnormal skin, the degree 

of absorption into the abnormal AKs may be another dif-

ferentiating factor.

Studies of ingenol mebutate in cancer cells suggest that 

transformed cells are more sensitive to its biological effects 

than are normal, differentiated keratinocytes.15 In the present 

study, the presence of a composite LSR score after sequential 

therapy that was similar to the composite score after ingenol 
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scaling

Crusting Swelling Vesiculation/
pustulation

Erosion/
ulceration

Erythema Flaking/
scaling
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Figure 5 Individual lsrs experienced at visit 3 by patients treated on the (A) face (n=120) or (B) scalp (n=36) with ingenol mebutate, graded on a scale of 0 to 4, with higher 
numbers indicating greater severity.
Abbreviation: lsrs, local skin reactions.
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Visit 1 (post-cryosurgery) Visit 2 Visit 3

Visit 5Visit 4 Visit 6

Figure 6 Patient 1.

Visit 1 (post-cryosurgery) Visit 2 Visit 3

Visit 5Visit 4 Visit 6

Figure 7 Patient 2.
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mebutate monotherapy suggests that subclinical lesions may 

be present in the perilesional, sun-damaged skin surrounding 

the visible lesions treated with cryosurgery. These subclinical 

lesions may also be targeted by the biological effects of 

ingenol mebutate.

In conclusion, these data indicate that the LSRs produced on 

the face and scalp with topical ingenol mebutate gel, 0.015%, 

following recent cryosurgery were well tolerated.
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