Check for
updates

Obstetrics &

Original Article Gynecology
Obstet Gynecol Sci 2022;65(2):166-175 i
https://doi.org/10.5468/0gs.2 1354 Sclence
elSSN 2287-8580

Pregnancy and neonatal outcomes after periconceptional

exposure to isotretinoin in Koreans

Eun-Hwan Cha, MD'?, NaeRy Kim, MD'?, Ho-Seok Kwak, MS', Hae Ji Han, MS', Sung Hong Joo, MD, PhD'*,
June-Seek Choi, MD, PhD'?, Kyoung-Chul Chun, MD, PhD?, Young-Ah Kim, MD, PhD?,
Jae-Whoan Koh, MD, PhD?, Jung Yeol Han, MD, PhD'?

'Korean Mothersafe Counselling Center, Pregnancy & Breastfeeding Medicines Information Center, Seoul; Department of Obstetrics and Gynecology,
’Inje University llsan Paik Hospital, Goyang; *Konkuk University Medical Center, Konkuk University School of Medicine, “National Medical Center,
*CHA Gangnam Medical Center, CHA University, Seoul, Korea

Objective

Isotretinoin should not be used during pregnancy because of the risk of birth defects. Most pregnant women exposed
to isotretinoin choose voluntary pregnancy termination due to concerns about birth defects. However, birth outcome
data supporting the termination of pregnancy are lacking. This study aimed to evaluate pregnancy and neonatal
outcomes after periconception exposure to isotretinoin.

Methods

This was a prospective cohort study. We evaluated pregnancy and neonatal outcomes after exposure to isotretinoin in
151 pregnant women. Among 1,026 callers at the Korean Teratology Information Service from 2001 to 2017 exposed
to isotretinoin during the periconception period, 151 pregnant women who received counseling on teratogenic risk
after visiting the clinic were included.

Results

Among the 151 participants who visited the clinic, only 42 were evaluated using ultrasonography until approximately
20 weeks of gestation. Ultimately, 23 patients were included in the study. The average gestation period during the last
exposure to the drug was 2 weeks, and the average daily exposure dose was 12 mg. There were two cases of major
birth defects in the exposure group. Spontaneous abortion rates were 17.7% and 8.7% in the exposure and non-
exposure groups, respectively (P=0.035). There was no significant difference between the exposure and non-exposure
groups in terms of pregnancy and neonatal outcomes.

Conclusion
There was no significant difference in pregnancy and neonatal outcomes, including birth defects, between the
exposure and non-exposure groups. Further studies with larger sample sizes are required to validate our findings.
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drug. Exposure to isotretinoin during pregnancy may affect
the activity of cephalic neural crest cells, causing craniofacial,
cardiac, and thymic malformations. Despite warnings about
isotretinoin treatment during pregnancy, malformations have
been reported after exposure to isotretinoin.

In 1985, 21 neonatal malformations were reported in 154
pregnant women exposed to isotretinoin in the UK [3]. In a
Dutch study conducted in 2014, 51 of 203,962 participants
were exposed to isotretinoin from 1999 to 2007, among
which 9.4% reported adverse fetal outcomes. In addition,
50% of patients chose elective termination of pregnancy [4].

In a study in South Korea, the estimated exposure of
pregnant women to isotretinoin was approximately 2.9 per
10,000 births per year, but the incidence is possibly esti-
mated to be higher considering that this study was not a
population-based survey [5].

Another Korean study reported that 26.6% of 79 women
exposed to isotretinoin chose voluntary pregnancy termina-
tion due to concerns about birth defects, and 50% of preg-
nant women exposed to isotretinoin from the last menstrual
period (LMP) to 4 weeks after LMP terminated their preg-
nancy [6].

Several pregnant women have been counseled via tele-
phone or in the clinic after exposure to isotretinoin in the Ko-
rean Motherisk Program as a teratology information service

(TIS) supported by the Korean Ministry of Health and Wel-
fare. They need objective and detailed information about the
teratogenic risk after exposure to isotretinoin during the peri-
conception period to make an informed decision on whether
to continue the pregnancy or terminate it. This study aimed
to evaluate pregnancy outcomes after periconception expo-
sure to isotretinoin in Koreans.

Materials and methods

1. Data sources and study cohort

The study was approved by the Institutional Review Board of
Cheil General Hospital and the Women'’s Healthcare Center,
Seoul, South Korea. Among 1,026 callers at the Korean TIS
from April 2001 to July 2017 exposed to isotretinoin during
the periconception period (a critical window that can impact
the growth and development of the embryo by the drug),
151 consecutive pregnant women who received counseling
on teratogenic risk after visiting the clinic at the Cheil Gen-
eral Hospital and Women's Healthcare Center as part of the
Korean Motherisk Program were included in this prospective
cohort study. Participants who provided written consent at
the time of counseling were recruited (Fig. 1).
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Fig. 1. Study flowchart.
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2. Outcomes
Data on pregnancy progress and outcomes of the partici-
pants were reviewed from the prenatal records, birth records,
and neonatal records of the hospital. The outcomes of some
participants were determined through telephone interviews.
To evaluate fetal gross malformation, ultrasound examina-
tions were performed at approximately 20 weeks of gesta-
tional age. An additional level Il ultrasound examination was
performed if fetal abnormalities were found on ultrasound
examination. For neonates born at the hospital, physical ex-
aminations were performed by nurses in the delivery room
to evaluate gross malformation and neuromuscular abnor-
malities and by pediatricians in the nursery room to evaluate
dermatologic, neurological, cardiovascular, and pulmonary
abnormalities. In addition, if abnormalities such as echo-
genic bowel or choroid plexus cyst were found on prenatal
ultrasound examination, additional tests such as abdominal
radiography and brain ultrasonography (US) were performed
after birth. Malformations were divided into major malforma-
tions causing significant functional or cosmetic impairment
or being life-limiting and minor malformations that are less
significant [7].

In addition, neonatal screening tests for inherited meta-
bolic disorders (such as phenylketonuria, maple syrup urine

disease, homocystinuria, hypothyroidism, and hyperadreno-
corticism) and hearing difficulty were performed to evaluate
adverse events after exposure to isotretinoin. Furthermore,
pregnancy and neonatal outcomes were compared between
the exposure group and the non-exposure (control) group,
which included patients from the same clinic who were not
exposed to known teratogenic drugs such as valproate, war-
farin, and danazol (n=617).

3. Statistical analysis

The chi-square test was used to compare categorical vari-
ables, while the Student's t-test was used to compare con-
tinuous variables. A P-value of <0.05 was considered statisti-
cally significant. SAS software (version 9.4; SAS Institute Inc.,
Cary, NC, USA) was used for all analyses. Data analyses were
performed between April 2001 and July 2017,

Results

Among the 151 participants, only 42 underwent level Il US
at the hospital until approximately 20 weeks of gestation.
Among the remaining participants, nine reported spon-
taneous abortions, three underwent voluntary pregnancy

Table 1. Maternal characteristics of the exposure and non-exposure groups

Characteristic Non-exposure group (n=676) Exposure group (n=51) P-value
General information
Age (yr) 32.2+3.8 29.7+3.8 <0.001
Gravidity 2.3+13 1.6+1.1 0.001
Parity 0.7+0.6 0.2+0.5 <0.001
Body mass index (kg/m?) 21.1£3.7 20.2+3.1 0.095
Co-exposure”
Other medications 682 (100.0) 25 (59.5) <0.001
Alcohol 274 (40. 24 (57.1) 0.030
Smoking 46 (6.7 5(11.9) 0.205
Radiation 121 (17. 4(9.5) 0.210
Isotretinoin information”
Start exposure in prohibited period (weeks) - -1.0(-4.0t0 12.0) -
Last exposure in pregnancy (weeks) - 0(-3.6t013.0) -
Dose/day (mg) - 12.0 (5.0 t0 20.0) -
Total cumulative dose (mg) - 168.3 (20.0 to 600.0) -

Values are presented as meanzstandard deviation, number (%), or median (range).

“Frequency (percentage of each group); ”
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Within 28 days before pregnancy or during pregnancy.
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GWs, gestational weeks; N, neonate followed up after birth; F, fetus followed up until the second or third trimester of pregnancy; TTN, transient tachypnea of the newborn; CPC, cho-

roid plexus cyst; VSD, ventricular septal defect.

terminations, and 97 were lost to follow-up. Among the 42
pregnant women who underwent level Il US, 19 were lost
to follow-up after they were transferred to other hospitals.
Among the remaining 23 pregnancies, neonatal outcomes
were reported from the same hospital and other hospitals
in 18 and five pregnancies, respectively. The mean age,
gravidity, parity, and the number of other medications used
were significantly lower in the exposure group than in the
non-exposure group. However, alcohol consumption was
significantly higher in the exposure group than in the non-
exposure group. The average weeks of gestation during the
last exposure of the isotretinoin was 2 weeks (range: from 3.6
weeks before pregnancy to 13.8 weeks of gestation), and
the average daily exposure dose was 12 mg (range, 5-20)
(Table 1).

Table 2 shows detailed information on exposure of isotreti-
noin, findings of fetal US, pregnancy, and prenatal outcomes
of 42 participants who underwent level Il US until approxi-
mately 20 weeks of gestation. There was no significant
difference between the groups in terms of malformations
(Table 3). There were two cases of major birth defects in the
exposure group (ventricular septal defect [VSD] and postaxial
polysyndactyly with curling toe of the left foot and bilateral
preauricular skin tags).

There was no significant difference between the groups
in terms of pregnancy and neonatal outcomes. In addition,
no abnormal neonatal screening test results for inherited
metabolic disorders or abnormal newborn hearing difficulty
screening test results were reported after exposure to isotret-
inoin (Table 4). The rate of spontaneous abortion was 17.7%
(9/51) in the exposure group and 8.7% (59/676) in the non-
exposure group (odds ratio, 2.02; 95% confidence interval,
1.06-3.84; P=0.035).

Discussion

In this study, we did not find a difference between the ex-
posure and non-exposure groups in terms of pregnancy or
neonatal outcomes, including birth defects. However, our
data showed that the risk of spontaneous abortion was ap-
proximately two times higher in the exposure group than in
the non-exposure group.

Dai et al. [8] reported 21 (18%) cases of spontaneous abor-
tion in 115 prospectively ascertained pregnancies among all
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Table 3. Rate of malformations between the exposure and non-exposure groups

Non-exposure group

Exposure group

Odds ratio

Variable (n=676) (n=51) (95% CI) P-value?
Spontaneous abortion 59 (8.7) 9(17.6) 2.022 (1.065-3.839) 0.035
Live birth 617 (91.3) 42 (82.4) - -
Total malformations 104 (16.9) 7(16.7) 0.989 (0.492-1.988) 0.975
Major malformations 20(3.2) 2°(4.8) 1.469 (0.355-6.075) 0.596
Minor malformations 84 (13.6) 59(11.9) 0.874 (0.375-2.038) 0.754

Values are presented as number (%).

Cl, confidence interval.

IChi-square test; “Ventricular septal defect (n=1), postaxial polysyndactyly with curling toe of the left foot and bilateral preauricular skin tags
(n=1); “Nasolacrimal duct obstruction (n=1), skin tag in the right ear (n=1), dolichocephalic head (n=1), dimple in the left lower leg (n=1), albi-

nism with brown hair (n=1).

Table 4. Comparison of pregnancy and neonatal outcomes between the exposure and non-exposure groups

Variable Non-exposure group (n=615) Exposure group (n=23) P-value
Gestational weeks of birth (weeks) 39.2+1.4 39.7+1.0 0.091?
Birth weight (g) 3,311+427 3,283+303 0.761?
Height of newborn (cm) 49.6+1.8 50.4+1.3 0.0777
Head circumference at birth (cm) 34.6+1.2 34.6+1.1 0.934°
Apgar score 1 min 8.3+0.7 8.3+0.6 0.775"
Apgar score 5 min 9.1+0.6 9.0+0.5 0.539”
NICU admission 41(6.7) 1(5.6) 1.000”
NICU stay days (days) 12.6£18.1 8.0 0.804

Values are presented as meanzstandard deviation or number (%).
NICU, neonatal intensive care unit.
It-test; "Chi-square test.

reports of isotretinoin-exposed pregnancies that were volun-
tarily submitted to Hoffmann-La Roche Inc. (Basel, CH) in the
United States from September 1982 to July 1989. In Canada,
there were 1,473 pregnancies at 42 weeks after isotretinoin
treatment. Among them, 290 (19.7%) patients reported
spontaneous abortion [9]. In Germany, 22.7% (5/22) of the
patients reported spontaneous abortions among pregnant
women exposed to isotretinoin [10]. The rate of spontaneous
abortion reported in these studies was similar to that report-
ed in our study. In addition, among 151 pregnant women,
we followed up 42 pregnant women exposed to isotretinoin
during the periconception period until the second or third tri-
mester of pregnancy. Among the 42 neonates, 23 neonates
were followed up. There was no difference in the rates of
major birth defects between the groups.

Two cases of major birth defects were reported in the
exposure group. VSD was reported in one case exposed to

172

isotretinoin (10 mg/day) from 3.4 to 4 weeks before preg-
nancy. Postaxial polysyndactyly with a curling toe of the left
foot and bilateral preauricular skin tags was reported in an-
other patient exposed to isotretinoin (10 mg/day) from 3 to
4.3 weeks of gestation. They might be typical birth defects
with retinoid embryopathy, including adverse effects on the
brain, face, palate, heart, spinal cord, ear, and thymus, as re-
ported in other studies [3,8].

The teratogenic mechanism of isotretinoin is that it ad-
versely affects the neural crest cells. Treatment with isotreti-
noin and 4-oxo-isotretinoin caused changes in cytosolic cal-
cium, bleb formation, and cell death in neural crest cells in a
previous study [11]. The rates of birth defects due to isotreti-
noin exposure during pregnancy were 13.6% (21/154) and
27.7% (26/94) in the studies by Lammer et al. [3] and Dai et
al. [8], respectively.

However, in our study, the rate of major birth defects was

www.ogscience.org
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4.8% (2/51). This rate was similar to that reported by Schae-
far et al. [10], who reported one case of a major birth defect
(small ventricular septal defect) in 18 live births.

We have recently reported the results of a systematic re-
view and meta-analysis of the rate of major birth defects
after isotretinoin exposure during pregnancy; the rate was
15% in 10 eligible studies including 2,783 women exposed
to isotretinoin. Additionally, three studies that included a
non-exposed comparison group were eligible for the meta-
analysis. The pooled odds ratio for major birth defects in
women exposed to isotretinoin was 3.76. After 2006, the
pooled odds ratio of major birth defects for isotretinoin ex-
posure was significantly lower (1.04). The odds ratio after
2006 was much lower than that in all the studies. This dif-
ference may be explained by the smaller doses and possibly
shorter duration of isotretinoin exposure during pregnancy.
In terms of exposure dose, the highest dose was up to 87.3
mg/day before 2006 and only 43.7 mg after 2006. Regard-
ing the duration of isotretinoin exposure during pregnancy,
the last dose was up to 10 weeks after conception before
2006, while it was 30 days of gestation after 2006 [12]. In
our study, the daily exposure dose was only 12 mg (range,
5.0-20.0).

However, our study showed that there are differences in
pregnancy and neonatal outcomes between the exposure
and non-exposure groups. Published studies on pregnancy or
neonatal outcomes including gestational weeks at birth, birth
weight, head circumference at birth, Apgar score, inherited
metabolic disorder in the newborn, and newborn hearing
difficulty screening test results after exposure to isotretinoin
during pregnancy are scarce. Loureiro et al. reported birth
outcomes in 62 children born to women exposed to topical
tretinoin (all-trans-retinoic acid) and 191 children born to
unexposed women. The groups were similar in terms of birth
weight, height, and head circumference, and there were no
significant differences between the groups in terms of gesta-
tion length [13].

In South Korea, the incidence of isotretinoin exposure is
approximately three pregnancies per 10,000 births [5]. A risk
management program (RMP) of isotretinoin as a pregnancy
prevention program was launched in June 2019 in South
Korea. However, compliance with the RMP was not effec-
tive. After the RMP was implemented, the rate of pregnant
women exposed to isotretinoin did not decrease. There were
120 pregnant women exposed to isotretinoin at the TIS for 1

www.ogscience.org

year after the RMP.

The hospital compliance on recommendations, including
written signature on knowledge as a teratogen, information
on effective contraception, and pregnancy test before the
prescription was <50% [14]. The RMP in South Korea was
not as stringent as the iPLEDGE in the USA. The iPLEDGE
requires the registration of patient prescribers and pharma-
cists on a dedicated website and advocates the use of two
different types of contraception during isotretinoin treatment
and pregnancy tests before prescribing the drug [15]. The
RMP should be improved by enhancing the responsibility of
clinicians, pharmacists, patients, and manufacturers under
the supervision of the Ministry of Food and Drug Safety to
protect pregnant women against the risks of the drug and by
encouraging wide dissemination of information on the use
of isotretinoin during pregnancy.

The strength of this study is that the participants were
prospectively followed up to evaluate birth or neonatal out-
comes. Furthermore, exposure to isotretinoin during preg-
nancy and pregnancy and neonatal outcomes were clearly
defined without recall bias. Additionally, we evaluated neo-
natal screening test results for inherited metabolic disorders
and newborn hearing difficulty screening test results for
exposure to isotretinoin. To the best of our knowledge, this is
the first study to evaluate pregnancy and neonatal outcomes
after exposure to isotretinoin during the periconception pe-
riod.

However, in this study, it is not easy to avoid a high prob-
ability of a false-negative or type Il error because the number
of neonates was too small to determine the rate of birth
defects. Additionally, our study has some limitations, such
as the lack of follow-up of the number of pregnant women
and lack of long-term neurodevelopmental outcomes. The
outcomes of pregnancy could not be confirmed because 97
of 151 pregnant women exposed to isotretinoin were lost to
follow-up after the first-trimester ultrasound examination.
The actual occurrence of birth defects is estimated to be
higher. In addition, if the neonates did not show abnormal
findings on physical examination immediately after delivery,
additional follow-up was not performed, and there was no
information on long-term neurodevelopment and intellectual
ability development.

Despite these limitations, the detailed information on the
exposure of isotretinoin and the outcomes of pregnancy and
neonates in our study are helpful for pregnant women con-
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sidering whether to continue with pregnancy or terminate
it after exposure to isotretinoin during the periconception
period.
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