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Abstract
Acne‐like skin reactions frequently occur in patients undergoing treatment with drugs 
inhibiting the epidermal growth factor receptor. Recently, the effects of vitamin K1 
containing cream (Reconval K1) as prophylactic skin treatment in addition to doxy-
cycline were explored in a double‐blind randomized phase II trial (EVITA) in pa-
tients with metastatic colorectal cancer receiving cetuximab. EVITA demonstrated a 
trend towards less severe skin rash in Reconval K1‐treated patients using the tripartite 
WoMo skin reaction grading score as a thorough tool for quantification of drug 
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1 |  INTRODUCTION

Treatment with drugs inhibiting the epidermal growth factor 
receptor (EGFR) often causes skin toxicities within the first 
weeks of treatment.1 These skin reactions can lead to physical 
and psychosocial discomfort affecting treatment adherence 
and clinical outcome.2 Special skin care and tetracyclines are 
used as prophylactic treatment,3 but still a high percentage 
(20%‐30%) of patients treated with drugs targeting EGFR 
suffer from NCI‐CTC ≥ grade 2 skin toxicities.2,4

Recently, Reconval K1, a vitamin K1 containing cream 
as an adjunct to doxycycline was therefore compared to the 
vehicle (Reconval) in an investigator‐initiated double‐blind, 
randomized phase II trial (EVITA, clinical trial number 
NCT01345526) as prophylactic treatment for skin rash in pa-
tients receiving first line cetuximab‐based treatment for met-
astatic (K)RAS wild type colorectal cancer.5 Stratification in 
this trial was done by gender and participating center. The 
primary endpoint of the EVITA trial, improvement of acnei-
form skin rash ≥grade 2 according to NCI CTC criteria, was 
not met, but a significantly reduced risk of rash in women 
versus men was noticed (Odds ratio 0.15; 95% CI, 0.06‐0.36). 
Moreover, by exploring skin rash with the more thorough 
tripartite skin grading score for the evaluation of acneiform 
skin eruptions induced by EGFR inhibition that has been de-
veloped by Wollenberg and Moosmann (WoMo score)6 (the 
main secondary endpoint in the EVITA trial), less severe skin 
toxicity (measured with part C of this score) was found in pa-
tients treated with Reconval K1 cream. This effect increased 
over time during the 8 weeks of skin treatment and was still 
present in patients followed‐up until week 12.

In this posthoc analysis of the EVITA trial we sought to 
explore the effects of Reconval K1 cream according to gen-
der by using the WoMo score. Preliminary data of one seg-
regated part of the statistical analysis (the so‐called WoMo 
final score) were recently reported indicating that women de-
rived a benefit from the use of Reconval K1 cream in terms 
of the overall WoMo score while men did not.7 Herein, we 
report the full comprehensive dataset, including the in‐depth 
analysis of all parts of the WoMo score along with confirma-
tory statistical modeling and data on treatment adherence ac-
cording to gender. Moreover, we provide WoMo values over 
time as basis for planning future trials and assess the potential 
of any of the 3 parts of the WoMo score for the purpose of a 
simplification of the WoMo score.

2 |  PATIENTS AND METHODS

An exploratory analysis of data from the EVITA study was 
conducted. EVITA was a randomized, double‐blind, vehicle‐
controlled phase II investigator‐initiated clinical trial (clini-
cal trials number NCT01345526) in patients with metastatic 
(K)RAS wild type colorectal cancer treated with FOLFIRI 
plus cetuximab as first line treatment.5 All patients received 
doxycycline as a prophylaxis at a dose of 100mg bid for a 
total of 8 weeks. Local skin treatment comprised vitamin K1 
containing cream (Reconval K1) 0.1% or the respective vehi-
cle (Reconval) bid for 8 weeks, as well. Skin toxicities were 
evaluated on a weekly basis over the 8 weeks of treatment 
followed by an observation period of 4 weeks using NCI 
CTC criteria and WoMo grading (Supplementary Table S1).6 
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WoMo includes 3 parts. Part A reflects on the affected body 
surface, part B describes the facial involvement, and part C 
involves the severity of rash. Moreover, it allows for deter-
mination of an overall score and a categorization according to 
the points achieved with the skin rash grading.6 The primary 
endpoint of the study was the incidence of grade ≥2 skin rash 
(NCI CTC version 4.02) during 8 weeks of skin treatment. A 
key secondary end point comprised skin rash grading accord-
ing to WoMo score. WoMo part A corresponds to the NCI 
CTC criteria for grading skin rash which reflects the percent-
age of the affected body surface. WoMo part B describes the 
percentage of the face affected by skin rash, while WoMo 
part C describes the severity of the rash (Supplementary 
Table S1).

The current exploratory analysis focused on the evolu-
tion of WoMo values (parts A, B, C) over time according 
to gender with a special focus on WoMo part C (ie on the 
severity of skin rash). To exclude gender‐specific compliance 
differences, we analyzed the adherence to study treatment by 
gender (ie Reconval K1 cream or vehicle and doxycyline) as 
well as the use of anti‐cancer drugs (especially cetuximab).

Statistical methods for the current analysis were not pre-
defined in the study protocol. Several parametric and non‐
parametric approaches were used in the sense of an exploratory 
data analysis. To take repeated measures and missing data (es-
pecially in the second part of the observation period, ie after 
week 5) into account, mixed effect longitudinal multiple linear 
regression was applied to model square root (Sqrt) (WoMo C) 
by gender as a function of week, drug, and week*drug interac-
tion including patient as a random effect. Week as main effect 
was included as a continuous variable where a 4‐knot spline 
was found most appropriate to ensure sufficient flexibility for 
fitting the time course of WoMo C. Because of the skewness 
of the distribution of WoMo C and its truncation at 0, the Sqrt 
transformation was applied for statistical modeling. Mean 
time course of WoMo variables (not transformed) is presented 
by gender and treatment. In addition to these parametric analy-
ses, simple non‐parametric analyses were conducted using the 
Wilcoxon Rank‐Sum test to compare the WoMo levels over 
the course of the observation period at each visit. The pattern 
of resulting P‐values is discussed in the sense of exploratory 
data analysis. Moreover, an analysis of the application of the 
WoMo skin toxicity grading categories (ie no rash, mild, mod-
erate, or severe rash; for details see Supplementary Table S1) 
over time and according to gender was done.

Statistical analyses were performed using SAS JMP 
V13.2.1 (SAS Institute, Cary, NC, USA).

3 |  RESULTS

A total of n = 126 patients were included in the primary 
analysis of the EVITA trial. Four of these patients could not 

be included in the current analysis due to missing post‐base-
line WoMo values leaving a total of n = 122 patients for the 
analysis (n = 85 men and n = 37 women). The main charac-
teristics are depicted in Table 1.

3.1 | Compliance with study treatment and 
anti‐cancer treatment
Gender‐specific analyses including treatment duration and 
cumulative doses of anti‐cancer drugs administered as well 
as adherence to the prophylactic skin treatment (ie doxycy-
cline and Reconval K1/vehicle cream) during the 8‐week 
skin treatment period are provided in Supplementary Table 
S2a and Sb for female and male patients, respectively. No 
relevant differences in treatment duration and administered 
doses of anti‐cancer drugs were observed between treatment 
arms in men and women.

Comparably, for both, men and women, the median and 
cumulative numbers of daily administrations of doxycycline 
and Reconval K1/vehicle creams were virtually identical.

3.2 | Evolution of WoMo C values over time 
according to gender
Figure 1 depicts the observed mean values of WoMo C ac-
cording to gender (left part of the plot women), treatment 
arm (dark gray bars: Vitamin K (Reconval K1) cream; light 
gray: vehicle), and week of treatment. The figure illustrates 
the typical time course of skin rash including deterioration 
(corresponding to higher values) during the first week and 
an improvement of rash starting about 6‐8 weeks after the 

T A B L E  1  Patient characteristics

Patients Vitamin K Vehicle

All (N = 122) 60 62

Median age (range) 63 (44‐83) 63 (24‐84)

WHO performance status   

0 (N = 72) 34 38

1 (N = 50) 26 24

Female (N = 37) 18 19

Median age (range) 61 (45‐80) 67 (43‐77)

WHO performance status   

0 12 12

1 6 7

Male (N = 85) 42 43

Median age (range) 64 (44‐83) 62 (24‐84)

WHO performance status   

0 22 26

1 20 17
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start of treatment. WoMo C values for women in the exper-
imental arm are clearly lower compared to the vehicle. This 
effect is observed repeatedly on a weekly basis; it starts at 
week 2 and increases over time. Contrarily, for men, no 
effect of Reconval K1 cream was seen at any time point 
(right side of the plot). The Wilcoxon tests by visit show 
superiority of Reconval K1 cream for female patients over 
vehicle from week 5 to week 12 (P < 0.05) while no statis-
tically significant difference between arms was found for 
the male patients on any time point (Supplementary Table 
S3).

Figure 2A,B show the model estimated time course 
of WoMo C by treatment over the observation period of 
12 weeks for females and males, respectively. In the female 
subgroup Reconval K1 demonstrates a clear treatment bene-
fit. The fixed effect tests depict a statistically significant in-
teraction term Week*Drug (P = 0.005). The treatment effect 
of Reconval K1 cream is visible at an early time point but 
clearly emerges over time (Figure 2A). A maximum is ap-
proached at week 6 and reached at week 7. These findings 
are consistent with the statistical test result for the drug main 
effect for women which showed a P value of P = 0.1126 in-
dicating a statistical trend mainly supported by the later phase 
of the observation period.

For the subgroup of male patients no treatment effect 
is seen during the 12‐week observation period (Figure 2B; 

P = 0.3392 for week*drug interaction term and P = 0.6190 
for the drug main effect).

3.3 | Evolution of WoMo B and C scores 
over time according to gender
Supplementary Figures S1‐S2 show the results of mean val-
ues for WoMo A and B according to gender, allocated treat-
ment arm and week of treatment. All of these analyses paint 
the same picture: The plots for WoMo A and B compare very 
well with what is observed in the WoMo C analysis (Figure 
1), namely a clear treatment effect for female patients who 
are statistically significant from week 5 onwards. None of 
these 3 analyses indicates an effect of Reconval K1 cream in 
male patients at any time point during the 12‐week observa-
tion period.

The benefit of using Reconval K1 is also demonstrated in 
terms of the evolution of categories of WoMo score according 
to treatment arm and gender. The original WoMo score cate-
gorizes skin rash as mild, moderate, and severe according to 
the number of points (mild rash 0‐20, moderate 21‐40, and se-
vere rash > 40 points). The results according to categories and 
gender are depicted in Figure 3A,B, respectively. In the cur-
rent data analysis, patients without rash in a week are shown 
as a separate category colored in white (“no rash”, ie 0 points). 
For female patients there are statistically significant treatment 

F I G U R E  1  Observed mean values 
for WoMo C score according to gender 
(women: left part; men: right part), allocated 
treatment arm (Vitamin K: dark grey bars, 
vehicle: light grey bars), and treatment week
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effects of Reconval K1 from week 5 to week 12. For male pa-
tients no differences and not even trends were found. The cor-
responding effect size estimates for female patients between 
weeks 5 and 12 are in the range of 1.65‐2.46 (data not shown).

4 |  DISCUSSION

The current exploratory gender‐specific analysis of the 
EVITA trial was done in order to evaluate the applica-
tion of the tripartite WoMo score on the development of 
skin rash in patients receiving cetuximab‐based therapy as 
first line treatment for metastatic colorectal cancer. In the 
original EVITA trial the primary endpoint – incidence of 
grade ≥2 skin rash according to NCI CTC criteria – was 
not reached.5 Instead of the NCI CTC criteria, mostly re-
flecting on the percentage of the affected body surface, 
in the EVITA trial the more thorough WoMo skin rash 
grading score had been used as main secondary endpoint. 
The use of the WoMo score in the EVITA trial demon-
strated that patients treated with Reconval K1 cream had 
less severe rash starting in week 2, reaching a statistically 

significant effect at week 5, further increasing over time. 
Moreover, female patients were found to have a lower risk 
for developing rash compared to men and derived a clini-
cally significant benefit from the treatment with Reconval 
K1 in terms of the WoMo final score.5,7

The major results of the in‐depth gender‐specific evalua-
tion of the WoMo score presented herein are the consistently 
decreased mean values for all WoMo parts (A, B, and C) in 
women treated with Reconval K1 compared to the vehicle. 
The consistent impact of Reconval K1 cream on ameliorating 
the values of all 3 WoMo parts is striking, particularly be-
cause for men an effect of Reconval K1 cream was not seen 
on any of the 3 WoMo parts at any time point. The observed 
effect was verified by modeling these data for WoMo part 
C using mixed effect longitudinal multiple linear regression 
analysis. Thus, an overall treatment effect as reported for 
the WoMo final score7 is reflected by all parts of the WoMo 
scoring. Thus, it might be discussed if the use of part C only 
is adequate for future studies.

The breakdown of the WoMo categories demonstrated a 
comparable high number of women developing no rash at all 
when treated with both, doxycycline and Reconval K1 cream, 
while in contrast, only a minority of men presented without 
signs of skin rash from week 2 on.

The restriction of positive effects of Reconval K1 cream 
on female skin only could have several reasons. An import-
ant factor could be a better compliance of females in terms 
of a correct use of the topical applicable Reconval K1 cream. 
For instance, it has been reported that men are less likely to 
use sunscreen8 and that men generally have a worse treatment 
adherence than females.9,10 The same might apply for the use 
of other creams that have to be applied on a regular basis. We 
have performed a gender‐specific analysis of the dose inten-
sity of the study drugs administered as well as the dose‐inten-
sity of the chemotherapy. We found no difference for the use 
of Reconval K1 or vehicle cream application for both sexes. 
Likewise, the treatment duration and cumulative doses of 
cetuximab administered were almost identical between allo-
cated treatment arms for man and women. Thus, gender‐spe-
cific different adherences to study treatment or imbalances 
between arms in terms of the use of cetuximab are unlikely.

The positive effects of vitamin K containing cream on 
anti‐EGFR drug‐related acneiform skin rash are based on 
an EGFR (re)activation on keratinocytes counteracting the 
EGFR inhibitory effects caused by the systemic anti‐EGFR 
treatment.11 We previously demonstrated a comparable anti‐
tumor effect of anti‐cancer medication in both treatment 
arms. The response rates and the progression‐free survival 
results were not different indicating that no systemic vitamin 
K effect could be observed impacting on patients’ outcome5 
indicating that the effects of vitamin K are limited to the skin 
and do not interfere with the required anti‐EGRF related ef-
fects on cancer cells.

F I G U R E  2  (A) Model estimated time course of WoMo C by 
treatment (women). (B) Model estimated time course of WoMo C by 
treatment (men)

A

B
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Moreover, gender‐specific dimorphisms regarding the 
hormonal modulation of EGFR could cause the better effect 
of Reconval K1 on females. It has been demonstrated that 
sexual hormones like estrogen and testosteron can influence 
pro‐EGF and EGF receptor mRNA levels, thus modulating 
EGFR concentration and EGFR binding.12 Furthermore, men 
have a terminal character of facial hair and a higher density 

of sebaceous glands, both probably causing a higher density 
of EGFR expression. And last, due to the different skin mor-
phology the transdermal delivery of active components into 
male skin is likely to be attenuated compared to female skin.13 
It is therefore conceivable that dosage and/or frequency of 
administration of Reconval K1 cream were insufficient to ob-
serve an effect in men.

F I G U R E  3  Evolution of categories of 
WoMo score according to treatment arm in 
female patients (A) and male patients (B). 
Note: Each bar indicates the percentage of 
patients with values for the respective week. 
White bars represent patients without rash 
(zero points), light grey bars indicate mild 
rash (1‐20 points), dark gray bars indicate 
moderate rash (21‐40 points), and black 
bars indicate severe rash (>40 points). The 
width of bars is proportional to the number 
of patients evaluated for the corresponding 
week and treatment
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We acknowledge that a retrospective exploratory analysis has 
inherent shortcomings and the statistical methods for the current 
analysis were not pre‐specified in the study protocol. The sub-
group of female patients analyzed herein may be regarded as 
rather small to draw firm conclusions and confirmatory studies 
might be considered. However, the statistical significances of 
the observed benefit of the study drug in all analyses of the dif-
ferent parts of the WoMo score justify the recommendation of 
an application of the WoMo score in further studies.

5 |  CONCLUSION

The WoMo score represents a sensitive tool for studies ex-
ploiting treatments against EGFR mediated acne‐like skin 
rash. Part C of the WoMo score seems to be sufficient for a 
valuable evaluation of skin toxicities.
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