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Objective: To identify the concentration of the fragrance compound hydroxyisohexyl 3-cyclohexene
carboxaldehyde (INCI) (HICC) that is sufficiently low not to cause an allergic reaction in patients with
proven sensitization.

Methods: Repeated open application testing (ROAT) in 64 subjects with 2 preparations (perfume and
cream) in different concentration (0.005-2.5%). Confirmatory patch testing with four preparations in
two different concentrations (2.5% and 5%).

Results: The concentrations of HICC being tolerated by 90% of those sensitized to HICC are estimated
as <88.2 ppm (cream) and <270 ppm (perfume) equivalent to 1.2 ug/cm? (perfume) and 4.9 pg/cm?
(cream). Patch test preparations differed with regard to sensitivity (88.5-98.1%) and specificity
(37.5-87.5%) against the ROAT result as external criterion. ROAT concentrations and the reaction
strength in patch testing were inversely correlated (Kendall’s tau-b: 0.69), both indicating the existence
of different degrees of susceptibility.

Conclusion: To protect 90% (50%) of people sensitized, the use concentration should be in the range
of 0.009-0.027% (0.18-0.34%), depending on the product type. Taking into account these results,
excessive concentrations should be avoided, as this would continue to sensitize people. Close monitoring
is indispensable to prove the efficacy of any recommendations aiming to prevent induction.
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Certain fragrance compounds must be considered  the last decade, further fragrances were identi-
important contact allergens, particularly those con-  fied as important sensitizers (3). In particular, the
tained in the fragrance mixes (FM) (1, 2). Over  synthetic fragrance hydroxyisohexyl 3-cyclohexene
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carboxaldehyde (HICC) had been noted to be an
allergen of interest in the past (4—11). Routine patch
testing in Europe has shown that 1.5-3% of eczema
patients have positive reactions to HICC (6, 8, 9,
12—14), whereas frequencies of sensitization appear
to be lower in North America (15). The obvious
importance of this fragrance compound as a contact
allergen prompted the German Contact Dermatitis
Research Group (DKG) and later the European Soci-
ety of Contact Dermatitis (ESCD) to include HICC
in the patch test baseline series (8, 16), as well as
in the newly developed FM 1I (17-20). Patch tested
in the baseline series since 2005, the Information
Network of Departments of Dermatology (IVDK)
reported 4.7% positive reactions to the FM 11, HICC
itself contributing about 40% to this frequency (20).

In addition to the evident impact of HICC derived
from clinical epidemiology, quantitative aspects of
exposure were addressed. A use test (repeated open
application test, ROAT) with two different concen-
trations (0.5% and 3% with ethanol as vehicle) was
conducted in 18 patients allergic to HICC as diag-
nosed by prior patch testing (10). In 16 of 18 cases
(89%) a positive use test developed, 11 reacting to
the low and 5 to the high concentration. In an experi-
mental elicitation study, a deodorant containing 200,
600 and 1200 ppm HICC was applied in the axillae.
9/14 reacted in this ROAT very early, after less than
2 weeks of exposure, to a deodorant preparation con-
taining 200 ppm HICC (11). Finally the Scientific
Committee on Consumer Products (SCCP) of the
European Commission (Health & Consumer Pro-
tection Directorate-General) reviewed the available
data on (human and animal) skin sensitization and
elicitation studies and exposure data, and concluded
that the provided experimental data did not (yet)
demonstrate the highest level for the safe use of
HICC in cosmetics (21).

From this background, the present study addresses
the objective to find a maximum non-eliciting con-
centration used in two applications (perfume and
leave-on cosmetic) in HICC sensitized patients.
‘Non-eliciting’ in this context means that not more
than 10% of those sensitized will be elicited under
use conditions. We therefore conceived two use-
related tests (ROAT), each with five concentrations
of HICC (0.005%, 0.01%, 0.1%, 0.5%, and 2.5%).
The concentration of 0.005% (50 ppm) HICC was
chosen as the lowest concentration, because we are
unaware of cases elicited by such a low concentra-
tion in a ROAT. The highest concentration was cho-
sen as it is very probable that almost all sensitized
patients will react to such a concentration, according
to a former ROAT with HICC (10). Two different
vehicles were chosen as both application forms are

mainly used for HICC. Furthermore, possible vehi-
cle effects on the ROAT-outcome, if present, could
be detected and quantified.

Patients and Methods

Study patients were recruited at dermatological cen-
tres that cooperate with the IVDK (www.ivdk.org).
The IVDK is a multicentre project collecting clinical
and patch test data from 49 departments of dermatol-
ogy in Germany, Austria and Switzerland. Methods
of the IVDK have been described (2, 22). Fourteen
departments participated in this study. Additionally
one department from Barcelona/Spain (Hospital del
Mar, Universitat Autonoma) joined the study.

Inclusion criteria for the participation were at
least a 4 reaction to HICC at reading D3 on routine
patch testing, registered within the last 2 years; 2
weeks should have been elapsed after the last patch
test before starting the ROAT; age >18 years, and
signed informed consent.

Exclusion criteria were: age <18 years, systemic
or local immuno-suppressant treatment, known cor-
ticosteroid allergy, immuno-compromising disease,
current eczema or recent UV light exposure in the
test area, and pregnancy.

The study had been approved by the ethics
committee of the University of Gottingen (No.
21/3/05, dated 4th April 2005).

Materials

Hydroxyisohexyl 3-cyclohexene carboxaldehyde
(HICC), CAS 31906-04-4, was used for patch and
use testing.

Two types of products containing HICC were
tested in two ROATS in parallel:

e A solution in 96% ethanol to mimic alcoholic
perfume products. The solutions were prepared
with five different concentrations of HICC
(0.005%, 0.01%, 0.1%, 0.5% and 2.5%).

e A cream containing 15% glyceryl stearate in
water as vehicle containing the test substance.
The creams were prepared with the same five
concentrations (0.005%, 0.01%, 0.1%, 0.5%
and 2.5%).

The vehicles without HICC (ethanol 96% and
15% glyceryl stearate in water, respectively) served
as negative controls. The products had been pre-
pared and delivered by International Flavor & Fra-
grances Inc, Hilversum, NL (IFF), in polypropylene
droplet bottles and 10 ml syringes. The concentra-
tion was checked in one total set of preparations
by an independent laboratory (Hermal/Reinbeck).
The concentrations of HICC in the ethanol prepa-
rations were slightly higher (<5%), the concentra-
tions in the cream were as indicated, or, in one
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preparation (0.5% cream) lower by 12%. During the
study period the material was not replaced by new
preparations. At the end of the study (17 months
after delivery of materials), the concentration of a
total set was again determined by Hermal/Reinbeck.
The values found in the ethanol preparation were
all slightly higher than the nominal values (excess
<4.8%). In the cream preparations, the value found
in the two lower concentrations was slightly higher,
but in the higher concentrations (0.1%, 0.5% and
2.5%), the concentration were lower by 30-50%.
These preparations were taken from a batch stored
in Gottingen, the ethanol preparations stored in the
refrigerator, the cream under room conditions with
large temperature deviations.

Use test

The ROAT with HICC in ethanol (‘perfume’) and
with HICC in a cream (‘cream’) were performed on
3 x 3 cm? areas on the volar side of the left (per-
fume) and the right (cream) forearm. Each test area
had been assigned to one of the test preparations
(marked in red) or the control preparation (blue).
Test and control areas were allocated randomly to
the proximal or distal skin areas. The participants
were given four preparations (two with and two
without HICC) and strictly instructed to apply two
drops of the perfume (equivalent to 0.04 ml) and
a suitable dose (~0.5 ml) of the cream as well as
the respective control preparations 2 x daily (morn-
ing and evening) always on the same area by gently

spreading the material on the areas with a finger. The
test sites were allowed to dry for 15 min before cov-
ered with clothing. Patients were advised to avoid
contact with water for the following 2 h. If a reac-
tion occurred in a test area, further exposure was
stopped.

The application of the same preparations was con-
tinued for 2 weeks or until an erythematous reaction
occurred (see below). If there was no reaction after
2 weeks, the participants were given the prepara-
tions at the next higher concentration to be used
for another 2 weeks. Hence, the theoretical maxi-
mum period of application was 10 weeks (Fig. 1).
Patients were instructed to stop further applications
if symptoms (redness) in the test area occurred, and
to consult the physician on the same day (or, if not
possible, to document the day of the occurrence of
the symptoms). In case that one ROAT turned pos-
itive and the other remained negative, the former
was stopped and the latter was to be continued.
Both ROATs were evaluated at least weekly (see
Fig. 1), or earlier at the request of the patient, with
assessment of the following morphological features:
erythema, papules/infiltration, vesicles and extent of
area involved. The readings were classified accord-
ing to the recommendations of Johansen et al. (23,
24). The ROAT was considered as positive in cases
of (spotty) erythema of at least 25% of the test
area along with homogeneous infiltration or papules
regardless of the number.

Studydesign of ROAT A (liquid) and ROAT B (cream) *

weeks
8 10
|

| Clinical evaluation of test areas (weekly) |

Confirmative patch testing with
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HICC 2.5 and 5% IFF, 5% (Hermal);
and FM Il (Hermal), in pet.
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*The preparations of ROAT A (verum
0.005% and control) are applied to one arm,
those of ROAT B (verum and
0.01%% control) on the contralateralarm
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. =
2.5%
S =
neg
. =

Fig. 1. ROAT A: ethanol with different concentrations; ROAT B: Cream with different concentrations. The concentrations in both
vehicles are identical, namely 0.005%, 0.01%, 0.1%, 0.5% and 2.5%. If the lower concentration is tolerated during a period of
2 weeks, the next higher concentration is applied for further 2 weeks. In case that 1 ROAT turns positive and the other remains
negative, the former will be stopped and the latter will be continued.
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Fig. 2. Relationship between cumulative response
and increasing amounts as pg/cm? of perfume and
cream, resp. The 10% and 50% thresholds for
no response are indicated. (1.2 and 4.9 ug/cm?;
15.2 and 99.5 pg/cm?) The different responses to
perfume and cream by a factor of 4.1-6.5 are
probably due to matrix effects. Note: Calculations
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Patch testing

After termination of the ROATSs, a confirmatory
patch test was done with HICC 2.5% and 5% in
petrolatum (both from IFF), FM II (containing HICC
2.5%) and HICC 5% (both from Hermal, Rein-
beck/D). Patch tests were performed in accordance
with the recommendations of the International Con-
tact Dermatitis Research Group (ICDRG) (25) and
the DKG (26).

Data analysis

In addition to descriptive analyses, Kendall’s tau-
b with accompanying 95% confidence interval (CI)
was calculated as measure of correlation of ordered
categorical data (ROAT and patch test result, each
aggregated to an ordinal variable with three levels).
A logistic function (curve) (Formula 1) was fitted
to the observed quantitative relationship between
ROAT dose as estimated from the two prototyp-
ically formulated products used in this study and
the probability of cumulative response for each of
the two ROATs (Fig. 2). The respective ROAT dose
yielding a 10% and a 50% cumulative response,
respectively, was derived from the fitted logistic
curve. All statistical analyses were performed with
the SAS software package (version 9.1, SAS Insti-
tute, Cary, NC).

1
f@ =1 (1)
Results

Determination of the no-observed or low-observed
effect level (NOEL/LOEL) for HICC

In 15 departments of dermatology joining the IVDK,
and in one department from the university of

10

are based on doses in the 2 products used in
this study, and not on doses found in standard
commercial products.

10

Barcelona a total of 67 patients were included in
the study and the ROAT was performed between
1/2006 and 3/2007. After exclusion of three cases,
two reacting to the control and one reacting aller-
gic to the marker, 64 subjects (median age: 46.5
(18—65), 68% women) were suitable for further
evaluation. The test results to the different concen-
trations are presented in Table 1. In total, 56 patients
reacted to the cream and 53 to the perfume. Con-
sidering the low concentrations (50 and 100 ppm),
8/64 = 12.5% (exact 95% CI: 5.6-23.2%) reacted
to the cream and 2/64 =3.1% (exact 95% CI:
0.38—10.8%) reacted to the perfume in low concen-
trations (50 or 100 ppm). Although the concentra-
tions in both vehicles were the same, the amount of
material (cream: 0.5 ml; perfume: 0.04 ml, assum-
ing that the subjects had followed the instruc-
tions), which was applied to the 9 cm? test area,
differed, thus yielding different doses per cm?,
see Table 1. For example: 0.5 ml (applied amount)
of a cream containing 100 ppm contain 50 pg,
which are applied to an area of 9 cm? (the appli-
cation area of 3 x 3 cm). This gives 5.6 ug/cm?.
The relationship between the cumulative response
and increasing amounts as pg/cm? of perfume and
cream is shown in a logistic curve fitted to the
observed cumulative response data (Fig. 2). The
10% thresholds for no response are 1.2 pg/cm?
and 4.9 pg/cm? for the perfume and the cream,
respectively; and the 50% thresholds are 15.2 and
99.5 pug/cm?. The concentrations being tolerated
by 90% (50%) of those sensitized to HICC are
thus estimated as <88.2 ppm (<1791 ppm) for the
cream and <270 ppm (<3420 ppm) for the perfume
(Fig. 2).

As it cannot be excluded that the concentration in
the preparations changed over time, for which the
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Table 1. Reactions to ROAT with hydroxyisohexyl 3-cyclohexene carboxaldehyde (HICC) in different concentrations (%)/different
amounts applied (ug/cm?) as cream (upper panel) and perfume (lower panel) in 64 patients previously found sensitized to HICC The
amount applied was not measured but estimated, assuming that the instructions of application were followed by the subjects

Cream

Concentration (%) 0.005 0.01
Amount applied? (ug/cm?) 2.8 5.6
Responders 3 5

N cumulative responders 3 8

9% Cumulative responders 4.7 12.5
Perfume

Concentration (%) 0.005 0.01
Amount applied® (u1g/cm?) 0.2 0.4
Responders 1 1

N cumulative responders 1 2

9% Cumulative responders 1.6 3.1

0.1 0.5 2.5 Neg.
55.6 277.8 1388.9
19 15 14 8
27 42 56
4222 65.6 87.5
0.1 0.5 2.5 Neg
44 222 111.1
17 18 16 11
19 37 53
29.7 57.8 82.8

4 Amount applied per application over a variable time (maximum 2 weeks per concentration level, see Fig. 1).

non-exhaustive analysis of one set of preparations
gives some indication, we compared the results
of different study periods (1/2006 to 9/2006 and
10/2006 to 3/2007), which, however, yielded no
evidence of temporal effects: Reaction rates to the
low concentrations (1-3) in both periods were 20%
and 23% in the cream group, and 5% (both periods)
in the perfume group, respectively.

Inverse correlation between ROAT concentration
and the reaction strength in patch testing

At the end of the ROAT, in 60 patients a confir-
matory patch test was done with the 2.5% and 5%
preparations from IFF and the FM II (containing
HICC 2.5%) whereas HICC 5% from Hermal was
used in n = 58.

Of those who reacted to the cream-ROAT and
were subsequently patch tested, the positive ROAT
cases (n = 52) were confirmed by patch testing
(any of the preparations) in n = 50 (96.2%). Of
those who reacted to the perfume ROAT and were
subsequently patch tested, the positive ROAT cases
(n =49) were confirmed by patch testing (any of
the preparations) in n = 48 (98.0%). Out of the eight
non-responders to the ROAT (cream) (Table 1), four
were also negative to the confirmatory patch test
(Table 2), indicating that some were false positive
to HICC at the screening patch test. The reaction
pattern of different patch test concentrations in
cream-ROAT positive and negative cases is shown
in Fig. 3. When using the ROAT results as external
criterion for ‘false positive’ or ‘false negative’
patch test results, it is obvious that the increase
in concentration from 2.5% to 5% yields less
false negative reactions, but this beneficial effect
goes along with slightly more false positive patch
test cases. As well, the number of 4+ reactions
increased. Testing with the FM II (2.5% HICC)
differs considerably from patch testing with 2.5%. In
the former, there was only one false negative patch

Table 2. ROAT and patch testing with a 5% commercial
preparation of hydroxyisohexyl 3-cyclohexene carboxaldehyde
(Hermal). Relation between reactions to lower (1: 0.005; 2: 0.01;
3: 0.1) or higher (4: 0.5; 5: 2.5) concentrations (%) and reactions
to strength of patch test reactions regardless of patch test
concentration in confirmatory patch testing. Patch testing was
done in n = 58

Cream

ROAT response/patch test 1-3 4-5 Neg
++H++ + 21 4 25
+ 5 18 3 26
Neg 32 4 7

26 25 7 58

20One of the three patients did react to a different patch test
preparation (see results).

Mantel-Haenszel Chi-square test for linear association: P < 0.0001.
Kendall’s tau-b as measure of correlation of ordered categorical
data: 0.69 (95% CI: 0.55-0.83).

test reaction, and less +, but stronger (4+-4/+ +
+) reactions.

Furthermore, there is a substantial inverse correla-
tion between the ROAT concentrations and the reac-
tion strength in patch testing. The lower the ROAT
concentrations leading to reactions, i.e. the lower
the individual elicitation threshold, the stronger
were the reactions in confirmatory patch testing;
Mantel-Haenszel Chi-square test for linear associ-
ation: P < 0.0001 (Tables 2 and 3). For the com-
mercial preparations 5% HICC and FM II the degree
of correlation with the quantitative ROAT outcome
is: 0.69 (95% CI: 0.55-0.83) and 0.48 (95% CI:
0.29-0.67), respectively (as expressed by Kendall’s
tau-b as measure of correlation of ordered categor-
ical data).

Accordingly, the sensitivity and specificity of
the different patch test preparations, considering
the cream-ROAT outcome as external criterion
(‘gold standard’), differ (Table 4). With sensitiv-
ity increasing, the specificity decreases, although
the differences were not significant. In this con-
text, the FM 1, containing not only HICC, but four
other fragrance allergens, cannot be compared with
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Fig. 3. Results of ROAT with the cream and patch testing with different concentrations of hydroxyisohexyl 3-cyclohexene
carboxaldehyde (HICC) (2.5%, 5% and fragrance mix II (containing 2.5%). There were 2 preparations of HICC 5% (IFF and
Hermal). If there were discordant strengths (5/60), the stronger reaction was considered.

Table 3. ROAT and patch testing with a commercial preparation
of the fragrance mix II (Hermal) containing 2.5%
hydroxyisohexyl 3-cyclohexene carboxaldehyde (HICC). Relation
between reactions to lower (1: 0.005; 2: 0.01; 3: 0.1) or higher (4:
0.5; 5: 2.5) concentrations (%) and reactions to strength of patch
test reactions regardless of patch test concentration in
confirmatory patch testing. Patch testing was done in n = 60

Cream

ROAT response/patch test 1-3 4-5 Neg

++/+++ 21 13 34
+ 6 11 5 22
Neg 1 3 4

27 25 8 60

Mantel-Haenszel Chi-square test for linear association: P < 0.0001.
Kendall’s tau-b as measure of correlation of ordered categorical
data: 0.48 (95% CI: 0.29-0.67).

the other three test preparations with pure HICC
regarding the seemingly low specificity, as posi-
tive reactions to the FM II may be due to other
ingredients.

Discussion

The aim of the study was to identify the concen-
tration of the fragrance compound HICC that is
sufficiently low not to cause an allergic reaction
in patients with proven sensitization, or at least
only in a very low proportion of these. For this
purpose, two preparations of the fragrance, each
with graded concentration of HICC, were applied
in a stepwise ROAT with increasing concentra-
tions (until a positive ROAT reaction was achieved
or the respective maximum concentration of the
preparation was reached).

One of the main results is that the concentra-
tions being tolerated by 90% and by 50% of those
sensitized to HICC are estimated as <88.2 ppm
and <1791 ppm for the cream and <270 ppm and
<3420 ppm for the perfume. Expressed as amount
applied per square centimetre, the 10% thresholds
for no response are 1.2 pg/cm’ for the perfume
and 4.9 pg/cm? for the cream; and the 50% thresh-
olds are 15.2 pg/cm? and 99.5 pg/cm? (Fig. 2). In
total, 56/64 (cumulative response: 87.5%) reacted
to the cream and 53/63 (82.8%) to the perfume.
In the ROAT with 0.5% and 3% in ethanol done
by Johansen et al., 11/18 (61%) reacted to the low
concentration and the cumulative response to both
concentrations was 89% (16/18) (10). Thus, the pro-
portions of positive reactions to 0.5% (61% and
57.8%) as well as the overall outcome of both
studies are very similar. In contrast, in another
ROAT study with HICC (published after the ini-
tiation of our study), using deodorants with graded
HICC concentrations in the axillae, a higher sus-
ceptibility was shown, as 9/14 already reacted to
the deodorant preparation with 200 ppm HICC (11).
This was an unexpected finding, as, at that time,
200 ppm were considered safe (10). Apparently, the
specific anatomical and physiological characteris-
tics of the site, with semi-occlusion, may have
increased the absorption of the material. This is sup-
ported by another experimental study, in which was
shown that skin penetration of HICC was enhanced
under occlusion by a factor of >3 (27). In compar-
ison, evaporation from other, unoccluded sites may
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Table 4. Sensitivity and specificity (accompanied by exact 95% Cls) of different patch test preparations of hydroxyisohexyl
3-cyclohexene carboxaldehyde using the positive reactions of patch testing and ROAT outcomes (positive versus negative) (see Tables 2

and 3). The ROAT served as external criterion

2.5% (IFF) 5% (IFF)

5% (Hermal) Fragrance mix II (Hermal)

88.5% (76.6—95.7%)
87.5% (47.4-99.7%)

Sensitivity
Specificity

96.2% (86.8—99.5%)
50.0% (15.7-84.3%)

94.1% (83.8-98.8%)
57.1% (18.4-90.1%)

98.1% (89.7—100.0%)
37.5% (8.5-75.5%)

go along with a lesser sensitization or elicitation
risk (28, 29).

Both studies addressed the question as to the
concentration that would be tolerated by >10%
sensitized based on the results of quantitative patch
testing. As thresholds 29 and 25 ppm, respectively,
were found, corresponding to 0.9 and 0.8 pg/cm?,
respectively, given the application of 15 g solution
to 0.5 cm? of test area. Although patch testing
and ROAT results are not directly comparable, this
would be close to the threshold we found with the
perfume preparations in the ROAT (1.2 ug/cm?).

Apparently the vehicle itself influences the thresh-
old of tolerance. Approximately half of the patients
exposed to the perfume did not react to the same
concentration after the same time of application,
compared to HICC in a cream base. For instance,
more patients (12.5% versus 3.1%) reacted to the
cream at low concentrations (50 or 100 ppm). How-
ever, although the concentrations in both vehicles
were the same, the amount of material applied
to identically sized areas differed (cream: 0.5 ml;
perfume: 0.04 ml). Comparing the dose—response
curves, the thresholds for the cream would be higher
by a factor of 4-7 (Fig. 2). The higher dose tol-
erated is probably due to the vehicle effect of the
emulsion type versus ethanol: Because of a lower
polarity and a higher lipophilicity permeation is bet-
ter with ethanol as vehicle, whereas permeation from
a vehicle of the emulsion type is much poorer (30,
31). This finding emphasizes the necessity to con-
sider the formulation of the product when defining
safety limits.

Patch testing

The majority of patients diagnosed by previous
patch testing as sensitized to HICC reacted to at
least one concentration of the ROAT preparations;
and almost all ROAT positives were confirmed in
confirmatory patch testing, indicating that there were
very probably no false positive ROAT cases in our
group of patients.

Using the ROAT outcome as external criterion,
the sensitivity and specificity of the different patch
test preparations differed, with the 5% preparation
giving the optimal results, whereas the 2.5% prepa-
ration suffered from a number of false negative
cases, i.e. reduced sensitivity. This could confirm

the doubts of Frosch et al. wondering whether the
2.5% HICC contained in the FM II is a suffi-
ciently high test concentration (19). Clearly, the 5%
HICC test preparation is preferable over the 2.5%
if tested as single compound. However, regarding
the sensitivity of the FM II with regard to HICC,
our results are reassuring, as the sensitivity of the
5% preparations and of the FM II are in the same
range, probably due to synergistic effects of the mix
preparation compensating for the lower concentra-
tion (2.5%) used in the mix (32). Furthermore, there
was also a significant and quite good correlation
(Kendall’s tau-b = 0.69) between reaction strength
in patch testing and the reactivity dose in the ROAT
(Table 2), a finding quite similar to the result of
Jorgensen et al. (r = 0.71) (11). This study again
confirms the usefulness of ROATs to evaluate and
identify the optimal patch test preparations (33, 34).

Considerations with regard to safety and exposure

To estimate the public health impact of sensitiza-
tion to HICC, an extrapolation of patch test results
to an estimated frequency of sensitization in the
general population according to the ‘Clinical Epi-
demiology—Drug Utilization Research’ (CE-DUR)
model may be helpful (35, 36).

Based on the annual sales data of patch test
materials (supplied by the four main manufacturers
present on the German market) the number of appli-
cations of the standard series in German patients
was calculated for the two periods (1998—1999 and
2000-2007) as approximate average of 487 500 and
391 800 patch tests per year, respectively. Based
on these figures and after applying the correction
factor for a ‘medium case’ scenario the number
of patients with suspected contact allergy, eligi-
ble for patch testing, is derived as 9 328 338, for
the 10-year period, i.e. an ‘estimated total patch
test population’. Based on a frequency of sensiti-
zation in the clinical population of 2.5% (14, 37),
the 10 years prevalence of sensitization would be
233 209, equal to 0.28% of the 82 million pop-
ulation of Germany. With a threshold of 90 ppm
(0.009%) HICC (cream) or 270 ppm (0.027%) (per-
fume), 2300 (0.028% of the population) would the-
oretically be at risk of elicitation, i.e., a relapse
of allergic contact dermatitis. With a threshold of
<1791 ppm (0.18%) for the cream and <3420 ppm
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Proportion of 26 fragrances identifiedon cosmeticand household products

INCI: only Parfum listed
Limonene

Geraniol

Hexyl cinnamal

Benzyl salicylate

Coumarin

HICC -

Hydroxycitronellal
Cinnamyl alcohol
Farnesol

Cinnamal

Evernia furfuracea extract

Anise alcohol

Amylcinnamyl alcohol

— HICC

20 25 30 35 40

Percentage of scented products

Fig. 4. INCI labelling of fragrances on 3000 randomly selected cosmetic and household products in Germany, 2006 and
2007. Total number of scented products: 2207. Products containing hydroxyisohexyl 3-cyclohexene carboxaldehyde (HICC):
n = 223; percentage of products containing HICC 10.1% (Data kindly obtained from G. Mildau G. Chemisches und Veterinir-

Untersuchungsamt Karlsruhe 2008 (personal communication).

(0.34%) for the perfume, 116 605 (0.14%) would
theoretically be at risk, i.e. if all people sensitized
would continue to use products containing HICC
exceeding the threshold concentrations. One should
bear in mind that these thresholds refer to the two
prototypical product types used in this study, and
may be different (e.g. lower) in real products. The
above range of concentrations is far lower than that
recommended by International Fragrance Associa-
tion (IFRA) standards in 2003 namely, 1.5% and in
2008 1% for hand creams and 1.5% for hydroal-
coholic products for unshaved skin (38, 39), which
are the product categories relevant for the current
study. These recommendations were meant, how-
ever, to prevent induction and not elicitation and
thus concentration thresholds are not directly com-
parable.

The question remains how HICC has become
one of the most important fragrance allergens (12).
Three factors should be considered: The sensitizing
potency of a molecule, the chances of being exposed
(e.g. through a frequent presence in products) and
the concentration during exposure.

(1) HICC was found to be a weak sensitizer. In sev-
eral human repeated insult patch (HRIPT), in
doses up to the 4000 pg/cm?, a sensitizing dose
was not identified (21), and the LLNA EC3
value was 17.1% corresponding to 4275 pg/
cm? (10).

(2) According data from a consumer magazine
HICC was found to be present in 10% of cos-
metic and household products (Fig. 4), and in
about 18% of various cosmetics (Table 5). In
both statistics, fine fragrances were not consid-
ered. In certain product categories, however,
HICC seemed to be used quite often (after
shave, deodorants for men, skin care creams)
(Table 5).

(3) With regard to the concentration of exposure,
there are different types of data, which are
based on systematic and sporadic analyses
(Table 6). Products with high concentrations
comprise fine fragrances and, to a lesser degree,
deodorants. Domestic products do not seem to
be a major source of exposure to HICC. In
the 1990 s, the concentration in fine fragrances
exceeded in average 3%, in the years after 2000
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Table 5. Categories (selected from a total of n = 37) of cosmetic
products and proportion of products containing hydroxyisohexyl
3-cyclohexene carboxaldehyde (HICC) within each category
according to labelling in 2005. Between 20 and 30 products
(mean: 22.8) were considered within each category. Number of
products screened: n = 843; Number of products containing
HICC: n = 151 (18%). Only the leading categories with a
proportion of >20% (16/37) of products containing HICC are
shown. Data from K. Schumacher, consumer magazine ‘Oekotest’
(personal communication)

Product category % of products with HICC

After shave 52

Deodorant for men (spray) 423
Skin care 42.1
Face creams (‘intensive’) 34.8
Anti-aging 34.6
Deodorant roll-on 30.8
Deodorant sprays 30.8
Styling mousse 30.8
Hand creams 30.0
Acne products 29.4
Make up 29.4
Face moisturizer mask 27.8
Sun creams 26.3
Body lotion 242
Shower gels for men 24.0
Moisturizers 23.3

they were lower, but still exceeding 0.1% and
0.5% in some cases (Table 6).

Considering the relative impact of all three fac-
tors, it seems that products with a high concentra-
tion (fine fragrances, after shave) and products used

under conditions enhancing sensitization (deodor-
ants) may be regarded as the main reasons for
the relatively high sensitization rate, and not the
potency of the molecule or the overall frequency
of exposure. Furthermore, the rare cases elicited by
an unexpected, extremely low concentration may be
explained by very high concentrations during induc-
tion—in view of the inverse relationship between
dose of induction and dose of elicitation (45). The
stable frequencies of sensitization up to 2007 cannot
be explained by the high concentrations during the
1990s—even 12-20% were cited (15). Rather, they
may indicate that the concentrations used in certain
products during the last 5 years were too high.

Conclusion

What can be learnt from the findings of our study?
To protect 90% (50%) of people already sensi-
tized, the use concentration should be in the range
of 0.009-0.027% (0.18-0.34%), depending on the
product type. Moreover, evidence regarding elicita-
tion thresholds as the one presented here can serve
as a starting point for the definition of thresholds
which are ‘safe’ regarding induction. Above all too
high concentrations will not only continue to sensi-
tize people, but will sensitize to a high degree, so
that they will react to even small amounts of aller-
gen exposure. A readjustment of the IFRA standard
is needed (39).

Table 6. Exposure data to hydroxyisohexyl 3-cyclohexene carboxaldehyde (HICC) [modified from (10)]

Product type Concentration range (%) Frequency in products Time Reference
Systematic studies
Fine fragrances® 0.0058-0.2058% 18/25 (72%) <2007 (40)
>0.01 12/18
>0.1% 3/18
Fine fragrances® 0.07-0.78 13/41 <2007 Schmidt (personal communication)
>0.5% 7/13
Fine fragrances® Above 1% (average 3.2%) 43% <1990 41)
Deodorants g/100 ml 0.0001-0.1874 53% (37/73) 1996 (42)
‘Vapo’ sprays 0.0001-0.1874 59% (13/23) <1998 42)
median 0.0387
Aerosol sprays 0.0006-0.1606 77% (17/22) <1998 (42)
median:0.0210
Roll-on 0.0001-0.1822 27% (7/28) <1998 (42)
median: 0.0582
Children’s cosmetics/toys <1999 43)
Creams 0.033 2/4 <1999
Fine fragrances 0.054-0.630 6/7 <1999
Domestic/occupational® 0.0036-0.0103 10% (5/59) <2001 (44)
mean: 0.00748 (4/—0.00239)
Occasional analysis
Fine fragrances 0.083-3.832 13 products <2005 (19)
Fine fragrances 3.67-3.83% 2 products <2003 (10)
Fine fragrances 0.12-2.34 3 products <1999 (6)
After Shave 0.06 1 product <1999 (6)
Lotions 0.02-0.2 2 products <1999 (6)
Deodorants 0.02-0.56 3 products <1999 (6)

* Fine fragrances: Parfum, eau de parfum, eau de toilette, eau de cologne.
b Soap (bars/liquid), surface cleaners, detergents for hand wash, dish wash, etc.
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