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Background: Ingenol mebutate (IngMeb) is approved for treatment of actinic keratoses (AK) and may
cause unpredictable local skin responses (LSR).
Objectives: We sought to investigate whether IngMeb-induced LSR, pain, and pruritus could be alleviated
with a topical glucocorticoid and, further, to assess efficacy, cosmetic outcome, and patient satisfaction in
patients with severe photodamage.
Methods: In this blinded, randomized controlled clinical trial, patients with multiple AK and field
cancerization of the face or scalp were treated in 2 areas with IngMeb (0.015%) daily for 3 days. After
finalized IngMeb treatment, 1 area was randomized to receive topical clobetasol propionate (0.05%) twice
daily for 4 days. Assessments included LSR (0-24; days 1, 4, 8, 15, 57), pain (0-10) and pruritus (0-3; days
1-15), AK clearance (days 15, 57), and cosmetic outcome (0-3; day 57).
Results: Clobetasol propionate application had no influence on LSR (P = .939), pain (P = .500), pruritus
(P = .312), or AK cure rate (P = .991). Overall, IngMeb cleared 86% of all AK lesions, exerting a therapeutic
effect on all AK severity grades; cure rates were 88%, 70%, and 60% for grade I, II, and III AK, respectively.
Skin texture improved significantly in remedied areas (2.0 vs 1.0; P \ .001); no hypopigmentation,
hyperpigmentation, or scarring were observed.
Limitations: These results do not provide safety and efficacy beyond 2 months of follow-up.
Conclusion: Application of clobetasol propionate does not alleviate IngMeb-induced LSR after 3 days of
IngMeb treatment. ( J Am Acad Dermatol 2016;74:709-15.)

Key words: actinic keratoses; actinic keratosis; blinded; clearance; clobetasol; corticosteroid; cosmesis;
cosmetic outcome; cure rate; glucocorticoid; hyperkeratotic; inflammation; ingenol mebutate; local skin
responses; pain; patient satisfaction; photodamage; pruritus; rejuvenation; skin texture.
Abbreviations used:

AK: actinic keratoses
IngMeb: ingenol mebutate
LSR: local skin responses
A
ctinic keratoses (AK) represent focal areas of
abnormally proliferating and differentiating
keratinocytes.1 Subclinical lesions are

commonly present in surrounding field-cancerized
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skin, and contemporary treatments are thus
advancing toward field-directed therapies.2,3

Ingenol mebutate (IngMeb) gel was introduced as
a field treatment for AK in 2012 and is available in
2 concentrations.4 AK on the face and scalp are
treated with IngMeb 0.015% once daily for 3 days,
whereas AK on the trunk and extremities are treated
CAPSULE SUMMARY

d Ingenol mebutate is approved for the
treatment of actinic keratosis and may
cause unpredictable local skin responses.

d This study investigates the influence of a
topical glucocorticoid on local skin
responses, pain, and pruritus.

d Application of a topical glucocorticoid
after 3 days of ingenol mebutate
treatments does not alleviate local skin
responses, pain, or pruritus.
with 0.05% once daily for
2 days.5,6 With a dual mecha-
nism of action, IngMeb
initially induces cell death by
necrosis and apoptosis, fol-
lowed by a strong inflamma-
tory response generated by
stimulation of immune
regulatory pathways.7-10 The
inflammation clinically mani-
fests as local skin responses
(LSR) with initial erythema
and edema, followed by
pustules, epidermal flaking,
and crusting.6,11 The LSR
appear within hours of

application and subside in less than 2 weeks, during
which the most frequently reported side effects are
pain and pruritus.6

To date, clinical studies have been conducted only
in patients with nonhyperkeratotic AK, and safety
and efficacy remains tobeestablished inpatientswith
severe photodamage.6,12 The severity of the LSR
varies between patients and some individuals may
develop insufferable inflammation with swelling
and pain where alleviating therapy is desired.
Clobetasol propionate is a potent glucocorticoid
with immunosuppressive, anti-inflammatory, and
vasoconstrictive properties. It is believed to coun-
teract the immune response induced by IngMeb.13

However, whether the inflammatory response is
essential for achieving optimal treatment response
or simply an adverse reaction is not fully understood;
accordingly, it is unknown whether glucocorticoids
attenuate the therapeutic effect of IngMeb.14,15

In this blinded, intraindividual, randomized,
controlled clinical trial, the primary objective was
to evaluate clobetasol propionate’s influence on
IngMeb-induced LSR, pain, and pruritus in patients
with severe photodamage. The secondary objectives
were to assess clobetasol propionate’s influence on
treatment efficacy, along with overall cosmetic
outcome and patient satisfaction.

METHODS
Study conduction

The study was conducted at the Department
of Dermatology, Bispebjerg University Hospital,
Copenhagen, Denmark, during September 2013
through January 2014. Approvals were obtained from
the Danish Health and Medicines Authority (EudraCT:
2013-0022583-80) and the Regional Committee on
Health Research Ethics (H-4-2013-073). The trial was
monitored by CopenhagenUniversity Hospital’s Good
Clinical Practice Unit (2013-584).
Patients
Patients aged 18 years or

older with multiple grade I to
-III AK16 and field canceriza-
tion on the face or scalp were
recruited for participation.
Inclusion required 2 similar
treatment areas of 25 cm2

containing a minimum of 7
AK on field-cancerized skin.
Exclusion criteria included:
(1) clinical suspicion of non-
melanoma skin cancer in the
treatment area; (2) previous
treatment with IngMeb; (3)
active dermatologic condition in the treatment area;
(4) intake of systemic immunosuppressive, cyto-
toxic, immune-modulating, or retinoid agents within
3 months of study start; (5) pregnancy or lactation;
and (6) patients considered unable to comply with
the trial protocol. Verbal and written consent were
obtained from all study patients before inclusion.

Randomization, treatment procedures, and
outcome assessments

Randomization was done using consecutively
numbered, closed, nontransparent envelopes con-
taining a computer-generated allocation indicating
the area assigned to clobetasol propionate treatment.

Three applications of IngMeb (Picato 0.015%, Leo
Pharma A/S, Ballerup, Denmark) were applied to the
face or scalp. The first application was administered
by the treating physician and the second and third
application were patient administered.

On day 4, after finalized IngMeb treatment,
clobetasol propionate was applied on 1 of the
2 IngMeb-treated areas. The first clobetasol pro-
pionate application (Dermovate 0.05%, GlaxoSmith-
Kline, Brentford, United Kingdom) was administered
by the treating physician after which patients
were instructed to apply a thin layer of clobetasol
propionate twice daily for 4 days (days 4-7).

Two physicians (A. M. E. and C. S. H.) conducted
on-site assessments of LSR11 (days 1, 4, 8, 15, and 57)
and reflectance measurements17 (days 1, 4, 15, and
57). A blinded dermatologist (K. E. K.) evaluated AK
presence17 (days 1, 15, and 57) and cosmetic



Table I. Lesion count, lesion reduction, and complete clearance per treatment area

Baseline 2 wk Follow-up 2 mo Follow-up

No. of AK (IQR) No. of AK (IQR) Clearance

Complete

clearance No. of AK (IQR) Clearance

Complete

clearance

IngMeb 16 (14-20) 3 (1-4) 84% (76%-91%) 10% 2 (0-4) 86% (76%-100%) 29%
IngMeb 1 CP 16 (14-20) 3 (2-4) 85% (78%-86%) 5% 3 (1-3) 86% (78%-95%) 19%
P value - - .766 1.000 - .991 .625

Medians with corresponding (IQR). P values compare areas treated with IngMeb vs IngMeb 1 CP.

AK, Actinic keratoses; CP, clobetasol propionate; IngMeb, ingenol mebutate; IQR, interquartile range.
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outcome (day 57). Patients completed a diary on
days 1 to 15 evaluating pain (0-10: 0 = none,
10 = worst imaginable) and pruritus (0-3: 0 = none,
1 = light, 2 = moderate, 3 = severe). Cosmetic
outcome included evaluations of hyperpigmenta-
tion, hypopigmentation, and scarring (0-3: 0 = not
present, 1 = isolated, 2 = scattered, 3 = generalized)
and skin texture (0-3: 0 = rough/rugged, 1 = even
without ruggedness, 2 = smooth, 3 = silk smooth). At
study completion, patients were asked to rate their
overall satisfaction with the IngMeb treatment (0-10:
0 = could not be more unsatisfied, 10 = could not be
more satisfied), and state their preferred choice
of treatment, IngMeb or IngMeb 1 clobetasol
propionate.
Statistics
With a minimal relevant reduction in LSR score of

3.5, SD of 4.0,6 alpha set to 0.05, and power to 80%,
the sample size for paired difference was 20 patients.
A 5% dropout rate was taken into account and 21
patients were included. Kolmogorov-Smirnov test
indicated normal distribution for LSR, pain, and
pruritus and was compared using paired t test.
Wilcoxon signed rank test compared clearance rates
and cosmetic outcome, while McNemar test
compared paired ratios of complete clearance.
Clearance of grade I to III AK was pooled for all
patients and presented as clearance rates in the
population. P values were 2-sided and considered
statistically significant when less than .05. Statistical
analyses were performed using software (SPSS,
Version 20, IBM Corp, Armonk, NY).
RESULTS
Demographics

Twenty-one patients with severe photodamage
and a mean age of 71 years (range 55-88) completed
the study. A majority of patients had a history of skin
cancer (71% basal cell carcinoma, 33% squamous cell
carcinoma). Patients presented with multiple grade I
to III AK (699 AK total) and field cancerization with a
median lesion count of 16 (range 8-27) AK per
treatment area (Table I).

Local skin responses
LSR included erythema (100%), flaking (100%),

crusting (91%), swelling (91%), vesiculation (69%),
and erosion (29%) (Fig 1). Application of clobetasol
propionate was initiated on day 4 when LSR were
most severe (IngMeb 9.95, IngMeb 1 clobetasol
propionate 9.52, P = .285). No reduction in LSR was
observed in areas receiving clobetasol propionate
(day 8: IngMeb 6.81 and IngMeb 1 clobetasol
propionate 6.81; P = .939) (Fig 1). Two weeks after
treatment initiation, LSR returned to baseline in
areas treated with both IngMeb (0.67) and
IngMeb 1 clobetasol propionate (0.38; P = .250)
(Fig 1). Reflectance measurements supported
clinical findings; no difference in erythema was
found between areas treated with IngMeb and
IngMeb 1 clobetasol propionate (Fig 1).

Patient-reported pain and pruritus
Amajority of patients experienced pain (71%) and

pruritus (67%) during and after IngMeb treatment.
Pain scores were of mild to moderate intensities and
started on the day of first IngMeb application. Pain
intensity peaked on day 3 (IngMeb 2.6 vs
IngMeb 1 clobetasol propionate 2.9; P = .500) and
declined gradually thereafter. Pruritus had a delayed
onset starting on day 3 and reached peak intensity
on day 7 (IngMeb 1.0 vs IngMeb 1 clobetasol
propionate 1.2; P = .312). Clobetasol propionate
application had no impact on pain, but pruritus was
marginally increased in clobetasol propionatee
treated areas on days 9 to 10 (day 9: IngMeb 0.8 vs
IngMeb 1 clobetasol propionate 1.1; P = .042).

Clearance of AK
Lesion clearance was similar in areas treated

with IngMeb and IngMeb 1 clobetasol propionate
(Table I). At 2 weeks’ follow-up, overall, 84%
(IngMeb) and 85% (IngMeb 1 clobetasol propio-
nate) of AK were cleared (P = .585) and clearance



Fig 1. Development of local skin responses (LSR) in a patient treated with ingenol mebutate
(IngMeb) (A,C,E,G, and I) and IngMeb followedbyclobetasol propionate (CP) (B,D,F,H, and J).
IngMeb induced erythema, flaking, crusting, swelling, vesiculation, and erosion. Application of
clobetasol propionate started on day 4 when LSR peaked (D), but no alleviating effect on LSRwas
observed. Similar LSR were found on day 8 (E and F), and on day 15 responses were back to
baseline in both treatment areas (G and H). Two months after treatment (day 57) no LSR were
observed (I and J). Reflectance measurements confirmed clinical findings. Peak values were
observed on day 4 (IngMeb 57%, IngMeb 1 CP 57%; P = .976). On day 15, minimal subclinical
rednesswas present (IngMeb 50%, IngMeb1CP 54%; P = .543), returning to baseline at 2months’
follow-up (IngMeb 45%, IngMeb 1 clobetasol propionate 48%; P = .076).
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Fig 2. A and B, Clearance of actinic keratoses (AK ) after
ingenol mebutate (IngMeb) treatment. A, Patient with
severe photodamage presented with multiple grade I to III
AK, field cancerization, and a basal cell carcinoma
undergoing radiotherapy (arrow). White corners mark
intended treatment area, in which 16 AK (10 grade I, 4
grade II, 2 grade III) were identified at baseline. B, After
IngMeb treatment, 81% (13/16) of the AK were cleared
(9/10 grade I, 3/4 grade II, and 1/2 grade III). No clinical
hypopigmentation, hyperpigmentation, or scarring
were observed and skin texture was smoother in the
remedied area compared with adjacent untreated skin
(2.0 vs 1.0). C, Overall, IngMeb exerted a therapeutic effect
on all AK severity grades, clearing 88% (542/615) of
grade I, 70% (48/69) of grade II, and 60% (9/16) of grade
III AK.
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rates persisted until 2 months’ follow-up (IngMeb
86% vs IngMeb 1 clobetasol propionate 86%;
P = .991) (Table I).

IngMeb had a therapeutic effect on all AK severity
grades, including hyperkeratotic AK. Cure rates of
88%, 70%, and 60%were observed for grade I, II, and
III AK, respectively (Fig 2). When not cleared by
initial treatment, 86% of grade II AK (18/21) and
100% of grade III AK (6/6) were reduced in severity
grade. In addition, only 3 new AK lesions were
observed during the study (2 months: IngMeb n = 2,
IngMeb 1 clobetasol propionate n = 1).

Cosmetic outcome
Skin texture significantly improved in areas

treated with both IngMeb and IngMeb 1 clobetasol
propionate with a median skin texture score of 2.0
compared with 1.0 in nontreated skin (P \ .001).
Improvement was more prevalent in patients
treated on the face (80%) compared with the scalp
(36%). No clinical hypopigmentation, hyperpigmen-
tation, or scarring were found after IngMeb or
IngMeb 1 clobetasol propionate treatment (Fig 2).

Patient satisfaction
Patient satisfaction was high with an average

score of 9.52 (range 8-10). Moreover, 62% of patients
(13 of 21) reported the highest level of treatment
satisfaction (10) and when asked about treatment
preference (IngMeb vs IngMeb 1 clobetasol propi-
onate); 81% preferred treatment with IngMeb alone.

DISCUSSION
To our knowledge, this randomized controlled

clinical trial is the first to study alleviation of
IngMeb-induced LSR and to investigate efficacy and
cosmetic outcome in patients with severe
photodamage and hyperkeratotic AK. We found
that application of a potent glucocorticoid after
completed IngMeb treatment does not alleviate
LSR, pain, or pruritus. However, IngMeb exerts a
therapeutic effect on all AK severity grades,
including hyperkeratotic AK, and provides a good
cosmetic outcome with a significant improvement in
skin texture.

Topical glucocorticoids are widely used in
dermatology and provide effective treatments for
many inflammatory skin diseases. Despite a
theoretically conceivable effect, we found that
clobetasol propionate did not reduce IngMeb-
induced LSR, pain, or pruritus. The lack of effect
may have several explanations. IngMeb induces a
complex inflammatory process, initially causing cell
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death followed by protein kinase C-d activation and
rapid neutrophil recruitment to treated skin.13,14,18-20

Histologic analyses have revealed that during
IngMeb treatments, a majority of keratinocytes
undergo apoptosis or necrosis, which may leave
them unresponsive to glucocorticoid stimuli.21 In
addition, neutrophil invasion, which is prevented by
clobetasol propionate, is most pronounced in the
early phase of IngMeb-induced inflammation;
accordingly, initiating clobetasol propionate on day
4 may be too late to impact LSR.14 Previous
studies attempting to alleviate externally induced
inflammation, such as acute sunburn, have failed to
do so using subsequent topical glucocorticoids.22,23

In contrast, when applied prior to the inflammatory
stress, both acute sunburn and photodynamic
therapy-induced inflammation have been success-
fully reduced.22,24 Future studies investigating
earlier application of glucocorticoids or the explora-
tion of other remedies, such as nonsteroidal
anti-inflammatory drugs, for alleviation of IngMeb-
induced LSR are thus needed.

IngMeb is derived from the sap of Euphorbia
peplus and is approved for topical treatment of
nonhyperkeratotic AK. Previous studies have
demonstrated AK cure rates of around 83% to 92%
in patients with moderate photodamage (4-8 grade
I-II AK/25 cm2), while the evidence in patients with
severe photodamage and hyperkeratotic AK is
limited.6,12 To our knowledge, the current study
presents the first data on IngMeb efficacy in patients
with severe photodamage, demonstrating that
IngMeb exerts a therapeutic effect on all AK
severity grades, including hyperkeratotic AK (grade
II 70%, grade III 60%). Despite the high AK density
(16 AK/25 cm2), treatments were well tolerated and
patient satisfaction was excellent (9.52/10). No
hypopigmentation, hyperpigmentation, or scarring
were observed, and skin texture improved
significantly in remedied areas.

IngMeb has a brief application time of only 2 to
3 days and, as shown in the current and previous
studies, LSR peak around day 4 and subside within
2 weeks of application.6,25 This study adds to the
literature by demonstrating that treated AK are
cleared just 2 weeks after treatment initiation and
cure rates persist until 2 months’ posttreatment. In
contrast, application of other patient-administered
topical treatments, ie, imiquimod, diclofenac, and
5-fluorouracil, extends beyond 3 weeks, rendering
IngMeb the most fast-acting drug currently available
for AK.26-28 In addition, very few new AK (n = 3)
were observed in this study, supporting the notion of
IngMeb as a field treatment, targeting not only visible
AK, but also subclinical changes present in the
surrounding skin.24,29

In conclusion, application of a glucocorticoid
after finalized IngMeb treatment does not alleviate
IngMeb-induced LSR, pain, or pruritus. However,
IngMeb exerts a therapeutic effect on all AK severity
grades while significantly improving skin texture in
remedied areas.
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