Please cite this article in press as: Jeong et al., Clinical Factors Affecting the Serum Retention of a Teratogenic Etretinate after the Acitretin Admin-
istration, Biomol. Ther. (2022), https://doi.org/10.4062/biomolther.2022.069

ea

BIOMOLECULES

Original Article
& THERAPEUTICS ?

Biomol Ther, 1-8(2022)

Clinical Factors Affecting the Serum Retention of a Teratogenic
Etretinate after the Acitretin Administration

Jong Heon Jeong"!, Gyu Hwan Hyun?', Yu Jeong Park’, Sung Won Kwon’ and Ai-Young Lee"*

'Department of Dermatology, Dongguk University llsan Hospital, School of Medicine, Goyang 10326,
2College of Pharmacy, Seoul National University, Seoul 08826, Republic of Korea

Abstract

Etretinate, an acitretin metabolite, has a long retention duration in adipose tissues with a teratogenic potential. FDA advises a
contraceptive period of at least three years after discontinuing acitretin. However, the effect of accumulated etretinate in adipose
tissues on fetus is unknown. Although the teratogenic threshold for serum concentration of etretinate has been presented as
higher than 2 ng/mL, that of acitretin is unknown. To examine factors affecting body retention of acitretin and etretinate, effects of
acitretin dosage, acitretin-taking duration, elapsed time after stopping acitretin, age, sex, concomitant alcohol consumption, and
foods and supplements rich in vitamin A intake on serum concentrations of acitretin and etretinate were analyzed in 14 acitretin-
taken patients and 58 controls without taking acitretin or etretinate. Serum concentrations of acitretin, but not etretinate, tended
to be inversely related to the discontinuation duration. They were also related to old age. Different from a published result that
alcohol consumption could promote the metabolism of acitretin into etretinate, alcohol intake did not affect serum concentrations
of etretinate. Unexpectedly, more frequent intake of vitamin A or provitamin A-rich food and supplements was associated with
higher serum acitretin, whereas less frequent intake of vitamin A or provitamin A-rich food and supplements was associated with
higher serum levels of etretinate in acitretin-taken patients. Despite preliminary data, inter-individual variations in serum retention
of etretinate suggest the necessity of further research before applying the same guidelines to everyone to minimize unnecessary
contraception.
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INTRODUCTION

Acitretin and etretinate have been used to treat various skin
diseases such as psoriasis and other hyperkeratotic disorders
(Dunn et al., 2011; Lynde et al., 2011; Sarkar et al., 2013;
Guenther et al., 2017). Etretinate has a half-life of approxi-
mately 120 days. It accumulates in adipose tissues up to three
years after drug discontinuation (Larsen et al., 1988, 1991;
Bouvy et al., 1992; Sturkenboom et al., 1994). Compared to
etretinate, acitretin has a shorter half-life of approximately
60 h without accumulation in adipose tissues (Bouvy et al.,
1992; Meyer et al., 1993). Due to its shorter elimination pe-
riod, acitretin has replaced etretinate in the United States (US)
and Europe. Although acitretin is a metabolite of etretinate,
reverse metabolism of acitretin to etretinate occurs, which can
be increased by alcohol consumption (Supplementary Fig.

1) (Bouvy et al., 1992; Larsen et al., 1993, 2000). Because
of fetal teratogenic potential of both acitretin and etretinate,
the Food and Drug Administration (FDA) prohibits their ad-
ministration to individuals of childbearing age. The duration
of contraception has been determined based on the detec-
tion of these drugs in adipose tissues, extending the period
to avoid pregnancy post therapy to two years in Europe and
three years in the US (Larsen et al., 2000). Based on the FDA
guidelines, the Korea Food Drug Administration (KFDA) also
recommends contraception up to three years after discontinu-
ation of these drugs (Lynde et al., 2011).

Safety is absolutely crucial; however, contraception for
three years may be a long duration for women of childbear-
ing age. The contraception period has been determined
based on the duration of drug accumulation in adipose tis-
sues. Etretinate monitoring in subcutaneous fat even after
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stopping acitretin has been proposed based on the detection
of higher concentrations of etretinate in subcutaneous fat in
patients without detectable etretinate in their sera (Sturken-
boom et al., 1994). However, it is not clear how accumulated
etretinate and acitretin in adipose tissues can affect the fetus.
Although lipophilic etretinate may be released from body fat
due to weight loss, similar to other lipophilic agents stored in
body fat (DiGiovanna et al., 1989), no correlation between ex-
cess body weight and the rate of etretinate biotransformation
has been explained (Pilkington and Brogden, 1992; Maier and
Hoénigsmann, 2001; Kara Polat et al., 2021). Moreover, there
are no teratogenic data available for etretinate at blood levels
of less than 2 ng/mL. A high risk of spontaneous abortion or
congenital malformation has been reported in humans after
administration of etretinate or acitretin during the first trimes-
ter of pregnancy (Grote et al., 1985; Geiger et al., 1994; de
Die-Smulders et al., 1995; Barbero et al., 2004). A 25-year
retrospective analysis showed delivery of a normal baby one
year after etretinate discontinuation (Katugampola and Finlay,
2006).

It may not be reasonable to apply the same regulations to
all women because considerable individual variations in etreti-
nate elimination have been suggested (DiGiovanna et al.,
1989; Larsen et al.,, 1993, 2000). Drug information provided
by the KFDA recommends the administration of acitretin once
a day at a dose of 25-50 mg/day, with a maximum dose of 75
mg/day, which may be suitable for Western population. How-
ever, optimal dosing of acitretin has been proposed previously
through a dose-escalation strategy with initiation at low doses
(10 to 25 mg/day) due to individual variations in both efficacy
and safety (Ling, 1999). Koreans usually take less than one-
third dose, such as 10-20 mg/day, to reduce severe dryness
of the lips and skin, which is a common acitretin-induced ad-
verse drug reaction (Pilkington and Brogden, 1992; Lee and
Koo, 2005; Kara Polat et al., 2021). Thus, this study exam-
ined several factors that influence the retention of acitretin and
etretinate in the body, particularly in the serum.

MATERIALS AND METHODS

Participants

Fourteen patients aged more than 15 years who had re-
ceived acitretin at least once between January 2016 and April
2020 at the Department of Dermatology, Dongguk University
llsan Hospital (Goyang, Korea) were included. Data such as
age, sex, alcohol intake, daily dosage and duration of acitre-
tin, and discontinuation duration of acitretin were collected us-
ing patients’ electronic medical records. Fifty-seven subjects
aged over 18 years who had never received acitretin and one
of the 14 patients before receiving acitretin were included as
controls. All participants (either patients or controls) filled out
a questionnaire regarding the intake of vitamin A- and provi-
tamin A-rich foods or supplements (Supplementary Table 1).
The Institutional Review Board (IRB) of Dongguk University
llsan Hospital approved this study (approval number: DUIH
2019-08-026). This study was conducted after obtaining writ-
ten informed consent of all participants according to the prin-
ciples of the Declaration of Helsinki.

Food questionnaire
All participants answered the questionnaire, which con-
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sisted of questions about the frequency of intake of vitamin
A- or provitamin A-rich foods or vitamin A supplements (Sup-
plementary Table 1). Foods rich in vitamin A include cow liver,
bluefin tuna, butter, cream cheese, salmon, trout, and boiled
eggs. Foods rich in provitamin A include cooked sweet potato,
cooked carrot, cooked kale, spinach, Romaine lettuce, Swiss
chard, and melon. The frequency was assessed as every day,
every two days, semi-weekly, weekly, or less than once a week.

Detection of acitretin or etretinate in serum

Detection of acitretin or etretinate in serum was done for a
total of 72 sera samples from 14 patients who had received
acitretin, one of the 14 patients before receiving acitretin, and
57 controls who had never taken acitretin. One of the 14 pa-
tients was also examined for the presence of these drugs in
adipose tissues. All samples were frozen and transferred to
the College of Pharmacy, Seoul National University (Seoul,
Korea).

All frozen serum samples were thawed in ice-cold water.
Five uL of isotretinoin (IS) stock solution (20 png/mL isotreti-
noin) was added to an aliquot of 95 uL serum sample through
uniform vortexing. Acetonitrile (100 pL) was then added to
each sample and vortexed for 1 min. Next, 800 pL of methyl
tert-butyl ether was added, and the mixture was vortexed for
1 min. The samples were then centrifuged at 13,000xg for 30
min at 4°C, and supernatants were collected and evaporated
under a stream of nitrogen gas (15 psi) at ambient tempera-
ture. Each dried sample was reconstituted with 50 uL of meth-
anol. Subsequently, 5 uL of each sample was introduced into
high performance liquid chromatography-triple quadrupole
mass spectrometry (HPLC-QgQ-MS) system (Supplementary
Fig. 2).

Agilent 1260 HPLC coupled with Agilent 6460 QqQ-MS
was used for the analysis (Kumar et al., 2011; Sharma et al.,
2012). Chromatographic separation was achieved using Agi-
lent Eclipse Plus C18 column (4.6 mmx150 mm, 5 um). The
temperature of the column oven was maintained at 30°C dur-
ing analysis. The mobile phase consisted of 0.1% formic acid
in water (A) and acetonitrile (B), at a flow rate of 1.0 mL/min.
The gradient elution was programmed as follows: 0-1 min,
75% B; 1-6 min, 75-100% B; and 6-8 min, 100% B. Source
conditions of electrospray ionization (ESI) were as follows:
gas temperature=325°C, gas flow=11 L/min, nebulizer=25 psi,
capillary voltage=3,500 V, and nozzle voltage=1,000 V. For
detection purposes, positive ESI mode was used with mul-
tiple reaction monitoring (MRM) mode to determine targets in
samples (Supplementary Table 2). Optimized m/z ion transi-
tions were monitored at 327—159 for acitretin, 355—309 for
etretinate, and 301—123 for IS (Fig. 1). This method for the
detection of acitretin or etretinate has been reported to be ac-
curate and reliable (Kumar et al., 2011; Sharma et al., 2012),
without showing any detection of other vitamin A, including ali-
tretinoin, as shown in controls (Table 1).

Data analysis

Effect of acitretin administration on serum concentrations
of acitretin and etretinate was analyzed by each factor after
subgrouping. The administration dosage was subgrouped to
less than one capsule per day and more than one capsule per
day. Administration duration was subgrouped to less than one
year and more than one year. Discontinuation duration was
categorized as currently taking medication and discontinued
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medication for less than one year and more than one year.
Age was subgrouped to less than 60 years and more than 60
years. Alcohol consumption status was categorized based on
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Fig. 1. Identification of acitretin and etretinate by fragmentation
patterns in mass spectrometry and elution time on liquid chroma-
tography column. Acitretin (A) and etretinate (B) in samples were
identified based on characteristic fragmentation patterns in the col-
lision cell of mass spectrometer. Moreover, acitretin and etretinate
in the serum were well separated (4.32 min and 7.61 min) in re-
versed-phase HPLC column (C).
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the frequency as never drinkers and drinkers. The frequency
of intake of vitamin A- or provitamin A-rich foods or vitamin
A supplements was categorized as less than twice a week
and more than twice a week. Mann-Whitney U test or Krus-
kal-Walls sum test was performed to examine the correlation

Table 1. Demographics in 72 subjects

Characteristics Patients (n) Controls (n)
Total (n) 14 58
Sex (n)
Male 8 (57.1%) 26 (44.8%)
Female 6 (42.9%) 32 (55.2%)
Age, mean (range) 50.9 (16-74)  36.7 (20-57)
Diagnosis
Psoriasis 9 -
Porokeratosis 1 -
PPP* 1 -
Hand eczema 1 -
PRP** 1 -
CARP*** 1 -
Vitamin A- or provitamin A-rich
food intake
Daily 0 5
3-4/week 0 7
2/week 5 13
1/week 9 20
<1/week 0 13
Vitamin A supplements intake 0 7
Other oral retinoid (alitretinoin) 0 1

medication

PPP*, Palmoplantar pustulosis; PRP**, Pityriasis rubra pilaris;
CARP***, Confluent and reticulated papillomatosis.

Table 2. Information about acitretin administration, alcohol/food/supplements intake, and serum acitretin or etretinate concentrations in 14 patients

L Food or ) .
Acitretin Serum Adipose tissue
supplements (S)
Age Sex Admin - Alcohol
m.|n|- I?lsc?n- (n/week)  Food Acitretin Etretinate  Acitretin Etretinate

Dose stration tinuation fweek) (ng/mL) (ng/mL) (nglg) (ngla)

(month) (month) (nw 9 9 99 99
Patients 16 M 1C qd 1 - Never 1 - 118.2+17.7 ND' NT' NT
29 M 1C qod 44 - 1 2 - ND 54+1.0 NT NT
62 M 1C qd 1 - Never 1 - 90.6 £2.5 ND NT NT
67 F 1C qd 42 - Never 1 - 120.0£22.4 ND NT NT
71 M 1C qd 158 2 1 1 - 157.9+2.3 ND NT NT
56 M 1C qd 37 5 2 1 - ND ND NT NT
48 F 1C qd 24 7 12 2 - ND 59+15 NT NT
63 M 1C qd 5 8 1 2 - ND 0.6+0.7 NT NT
30 F 1C qod 6 8 1 1 - ND ND ND ND
45 F 1C gqod 16 10 Never 2 - ND ND NT NT
50 M 1C gqod 26 17 12 1 - ND ND NT NT
51 F 1C qd 1 24 Never 2 - ND 5004 NT NT
74 M 1C bid 3 25 Never 1 - ND ND NT NT
50 F 1C qd 4 36 2 1 - ND ND NT NT

ND', Not detected; NT™", Not tested.
3 www.biomolther.org
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between serum concentrations of acitretin and etretinate and
the above-mentioned factors. The serum concentration of not
detected was set to zero. For all tests, statistical significance
was set at p less than 0.05.

RESULTS

Demographics

The mean age was 50.9 years (range, 16-74 years) for the
14 patients and 36.7 years (range, 20-57 years) for the 58
controls. The proportion of males was 57.1% (8/14) among
patients and 44.8% (26/58) among controls. The most com-
mon diagnosis for acitretin use was psoriasis, followed by
palmoplantar pustulosis, acanthosis nigricans, hand eczema,
pityriasis rubra pilaris, and porokeratosis. All patients and
controls consumed vitamin A- or provitamin A-rich foods or
supplements. The frequency of such intake was more than
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twice a week in five (35.7%) patients and 30 (51.7%) controls
(Table 1).

Regrading acitretin administration, four (28.5%) patients
received one capsule every other day, whereas ten (71.4%)
patients received one (10 mg) or more capsules per day. The
mean administration duration was 26 months (range, 1-158
months). Four patients were taking the medication during the
study period, whereas six and four patients, respectively, had
discontinued the medication for less than one year and more
than one year. Eight (57.1%) patients drank alcohol during
medication use (Table 2).

Effects of acitretin dosage, administration duration, and
discontinuation duration on serum concentrations of
acitretin and etretinate

Acitretin can be reverse metabolized to etretinate (Bouvy
et al., 1992). Therefore, effects of acitretin administration on
serum concentrations of both acitretin and etretinate were
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Fig. 2. Effects of acitretin dosage, administration duration, and discontinuation duration on serum acitretin and etretinate concentrations.
Serum concentrations of acitretin (left side on each graph) and etretinate (right side on each graph) were analyzed in 14 patients who re-
ceived acitretin according to the dosage, administration duration, and discontinuation duration. (A) Vertical scatter plot for the administration
dosage subgrouped as less than one capsule per day and one or more capsules per day. (B) Vertical scatter plot for the administration du-
ration subgrouped as less than one year and more than one year. (C) Vertical scatter plot for the discontinuation duration subgrouped as
currently taking, discontinue for less than one year, and discontinued for more than one year. The thicker line of each graph indicates medi-

an value, and the thinner one indicates interquartile range.
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analyzed.

None of the patients had detectable serum concentrations
of both acitretin and etretinate (Table 2). Among ten patients
who received one or more capsules per day, four and three
patients, respectively, had detectable serum concentrations of
acitretin and etretinate. Serum etretinate was also detected in
one of the four patients who received one capsule every other
day (Table 2). Statistical analysis showed no significant asso-
ciation between acitretin dosage and serum concentration of
acitretin or etretinate (Fig. 2A).

Two of seven patients who were taking acitretin for less
than one year and two of the other seven patients who were
taking acitretin for more than one year showed detectable se-
rum acitretin. Similarly, two of the seven patients from each
subgroup of administration duration had detectable etretinate
(Table 2). The administration duration was also not associated
with serum concentration of acitretin or etretinate (Fig. 2B).

Regarding discontinuation duration, acitretin and etreti-
nate, respectively, were detected in three and one of the four
patients who were currently taking acitretin. One and two of
the six patients who had discontinued the medication for less
than one year had detectable serum acitretin and etretinate,
respectively. Etretinate, but not acitretin, was detected in one
of four patients who had discontinued medication for more
than one year (Table 2). A possible correlation was observed
between discontinuation duration and serum concentration of
acitretin, but not etretinate (Fig. 2C).

Effects of age and sex on serum concentrations of
acitretin and etretinate

Pharmacokinetic and pharmacodynamic changes occur
with increasing age. Sex differences are also observed in
pharmacokinetics and pharmacodynamics of drugs (Schwartz,
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2007), particularly in lipophilic drugs including acitretin and
etretinate because of higher percentage of body fat in the el-
derly and women (Shi and Klotz, 2011). Therefore, correlation
of age and sex with serum acitretin and etretinate concentra-
tions was examined.

One of nine patients who were younger than 60 years and
three of five patients who were older than 60 years had de-
tectable serum acitretin, whereas three and one patients from
the above respective subgroups showed detectable serum
etretinate (Table 2). Serum concentration of acitretin, but not
etretinate, was significantly higher in patients who were older
than 60 years than that in patients who were younger than 60
years (Fig. 3A).

Three of eight males and one of six females showed detect-
able acitretin, whereas two males and two females had detect-
able etretinate (Table 2). Sex difference did not affect serum
concentration of acitretin or etretinate (Fig. 3B).

Effect of alcohol intake on serum concentrations of
acitretin and etretinate

Metabolism of acitretin to etretinate is increased by alcohol
consumption (Bouvy et al., 1992; Larsen et al., 1993, 2000).
Thus, serum levels of etretinate were examined according
to the frequency of concomitant alcohol intake. Three of six
drinkers and one of eight who never drank had detectable
acitretin, whereas one and three patients from the above
respective subgroups showed detectable concentrations of
etretinate (Table 2). Although ethanol can stimulate etreti-
nate formation from acitretin (Bouvy et al., 1992; Larsen et
al., 1993, 2000), the association between concomitant alcohol
consumption and serum concentration of etretinate was not
identified (Fig. 4A).
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Fig. 3. Effects of age and sex on serum acitretin and etretinate concentrations. Serum concentrations of acitretin (left side on each graph)
and etretinate (right side on each graph) were analyzed in 14 patients who received acitretin with respect to age and sex difference. (A) Ver-
tical scatter plot for the age subgrouped as younger than 60 years and older than 60 years. (B) Vertical scatter plot for the sex subgrouped
as males and females. The thicker line of each graph indicates median value, and the thinner one indicates interquartile range.
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Fig. 4. Effects of alcohol intake and vitamin A- or provitamin A-rich foods and supplements consumption on serum acitretin and etretinate
concentrations. Serum concentrations of acitretin (left side on each graph) and etretinate (right side on each graph) were analyzed in 14 pa-
tients who received acitretin with respect to alcohol consumption and intake of vitamin A- or provitamin A-rich foods and supplements. (A)
Vertical scatter plot for the alcohol consumption status subgrouped as never drinkers and drinkers. (B) Vertical scatter plot for the intake of
vitamin A- or provitamin A-rich foods and supplements subgrouped as less than twice a week and more than twice a week. The thicker line
of each graph indicates median value, and the thinner one indicates interquartile range.

Effects of intake of vitamin A- or provitamin A-rich foods
and supplements on serum concentrations of acitretin
and etretinate

Vitamin A supplementation can increase serum retinol con-
centration in women (Soares et al., 2019). Pregnant women
are generally advised to avoid vitamin A-rich foods despite a
critical role of vitamin A in fetal development (Strobel et al.,
2007). Therefore, effects of vitamin A- or provitamin A-rich
foods and supplements on serum concentrations of acitretin
and etretinate were examined. All four patients with detect-
able acitretin consumed vitamin A- or provitamin A-rich foods
and supplements less than twice a week. However, all four
patients with detectable etretinate consumed such foods and
supplements more than twice a week (Table 2). None of the
controls had detectable acitretin or etretinate, although 30 of
the 58 controls consumed such foods and supplements more
than twice a week (Table 1). Unexpectedly, more frequent
consumption of vitamin A- or provitamin A-rich foods and sup-
plements tended to increase serum acitretin concentrations,
whereas it significantly reduced serum etretinate concentra-
tions (Fig. 4B).

DISCUSSION

Direct measurement of serum concentrations of acitretin or
etretinate could be a reasonable way to confirm whether the
FDA guidelines for contraception should be applied equally
to everyone. However, this measurement is performed at the
laboratory level and not currently available at the hospital
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level. Therefore, the factors influencing serum concentrations
of acitretin and etretinate after acitretin administration were
examined in this study.

Discontinuation duration showed an inverse association
with serum acitretin concentration (Fig. 2C). Higher dosages
in all four patients with detectable acitretin (Table 2) suggests
the possibility of a statistically significant result with increase
in sample size. However, acitretin dosage and administra-
tion duration did not show an association with serum acitretin
concentrations (Fig. 2A, 2B). As for etretinate, the serum con-
centrations were not influenced by any of these factors (Fig.
2A-2C). This result is similar to a previous report showing no
association between drug dosage and etretinate elimination
(DiGiovanna et al., 1989); this might be due to considerable
individual variations in etretinate elimination (DiGiovanna et
al., 1989; Larsen et al., 1993, 2000).

There are only a few studies that reported the effect of
age and sex on acitretin and etretinate elimination, despite
implication of age-related physiological changes that may in-
fluence pharmacokinetics and pharmacodynamics of drugs
(Schwartz, 2007; Shi and Klotz, 2011). It might be due to the
risk of teratogenicity associated with acitretin treatment in
women of childbearing age. Acitretin concentration was sig-
nificantly higher in older patients than that in younger patients.
However, these results were not consistent with etretinate
concentration (Fig. 3A). Although lipophilic drugs are known to
have a prolonged half-life in women (Schwartz, 2007; Shi and
Klotz, 2011), no sex difference was observed in serum acitre-
tin or etretinate concentrations (Fig. 3B). Racial difference in
body fat such as less body fat in Korean elderly women might
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have contributed to such result.

Alcohol drinking can extend the retention of body etretinate
after acitretin discontinuation (Bouvy et al., 1992; Larsen et
al., 1993, 2000). Concomitant alcohol consumption did not
increase serum etretinate concentration in this study (Fig.
4A), although the result in adipose tissues might be different.
The consumption of vitamin A- or provitamin A-rich foods and
supplements did not change serum acitretin or etretinate con-
centrations in the controls (Table 2). This result indicates that
acitretin and etretinate are not metabolites of these foods or
supplements, despite complicated pathways of retinoid me-
tabolism (Bouvy et al., 1992). However, more frequent intake
of these products was possibly associated with higher serum
acitretin concentrations, whereas less frequent intake of these
products was associated with higher serum etretinate concen-
trations in patients (Fig. 4B). This unexpected result suggests
that these vitamin A- or provitamin A-rich foods and supple-
ments could affect the metabolism of acitretin and etretinate.
Further research is needed to confirm this result.

Acitretin can be reverse metabolized to etretinate (Bouvy et
al., 1992). Therefore, etretinate was expected to be detected
in some patients with detectable serum acitretin as reported by
a previous study (Sturkenboom et al., 1994). However, none
of the patients had detectable serum concentrations of both
acitretin and etretinate in this study (Table 2). Detectable se-
rum concentrations of acitretin and etretinate were observed
in four and the other four patients, respectively. Further stud-
ies are needed to clarify this result.

Although teratogenic threshold dose of acitretin and etreti-
nate remains uncertain, teratogenicity of acitretin has been re-
ported to be approximately eight-fold lower than that of etreti-
nate (Kochhar et al., 1989). In addition, acitretin is eliminated
faster than etretinate, without accumulation in body fat (Bouvy
et al., 1992; Meyer et al., 1993). In case of etretinate, no tera-
togenic data have been associated with blood level less than
2 ng/mL (Geiger et al., 1994). Based on the above-described
facts, three (21.4%) patients satisfied the condition that might
cause teratogenicity. In addition, teratogenic data have been
associated with medication use during the first trimester of
pregnancy (Grote et al., 1985; de Die-Smulders et al., 1995;
Barbero et al., 2004). The number of patients who participated
in this preliminary study might not be enough to confirm the
meaningful factors. None of the participants in this study, ex-
cept one patient, was willing to donate their subcutaneous fat
tissues, suggesting certain difficulties in implementation. Addi-
tional clinical data related to their concentrations in fat tissues
compared with their concentrations in the serum are needed
to determine whether serum acitretin, in particular etretinate
concentrations could be sufficient for predicting teratogenic-
ity. Nonetheless, inter-individual variations particularly in se-
rum retention of etretinate suggest the necessity of a system
that can examine acitretin and etretinate concentrations at the
hospital level with further research before applying the same
guidelines to everyone.
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