
EXPERIMENTAL AND THERAPEUTIC MEDICINE  21:  534,  2021

Abstract. Isotretinoin is an oral derivate of vitamin A 
that has been used since 1982 for the treatment of multiple 
dermatologic conditions such as severe acne, rosacea, scarring 
alopecia, ichthyosis or non‑melanoma skin cancer prophy‑
laxis. The recommended dose is 0.5‑1 mg/kg/day for a period 
of 4‑6 months in sebaceous gland pathologies. There are many 
adverse effects caused by isotretinoin but by far the most 
important is the teratogenicity induced by this drug which is 
estimated to have a 20‑35% risk to infants that are exposed 
to isotretinoin in utero and includes numerous congenital 
defects such as craniofacial defects, cardiovascular and 
neurological malformations or thymic disorders. Isotretinoin 
induces apoptosis and cell cycle arrest in human sebocytes, 
emphasizing these as processes associated with its teratogenic 
effect. The aim of this review is to analyze the latest literature 
data regarding the teratogenic effect of isotretinoin for both 
fertile females and males and its biological effects under‑
lying the occurrence of congenital malformations under the 
influence of isotretinoin.
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1. Introduction

Isotretinoin or 13‑cis‑retinoic acid is an oral derivate of vitamin 
A that is used in the treatment of numerous dermatologic 
diseases such as ichthyosis, hidradenitis suppurativa, rosacea, 
scarring alopecia, non‑melanoma skin cancer prophylaxis, but 
mainly used in sebaceous gland pathology (1).

The use of isotretinoin was investigated by Werner 
Bollag starting in 1960 as a treatment for skin cancer (2). It 
was revealed that isotretinoin was ineffective in skin cancer 
therapy, but useful for the management of acne vulgaris. Due 
to its numerous side effects, the drug was not used until 1975 
when a series of clinical studies outlined its efficacy in treating 
cystic acne. As a result, isotretinoin was released to the market 
in 1982, in the USA by Hoffman‑La Roche as a revolutionary 
treatment for severe and refractory acne vulgaris. It was the 
first drug capable of inducing partial or complete remission 
of the disease and for maintenance (2). Despite these results, 
many controversies have arisen regarding this treatment, most 
of them in the light of its side effects (2). Isotretinoin can cause 
several side effects, but by far the most important is terato‑
genicity. Other side effects include mucocutaneous dryness, 
increases in transaminases, hypertriglyceridemia, all of them 
manageable by the attending physician. There are also rare 
side effects such as inflammatory bowel diseases or depression 
which are still in debate (3,4).
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Isotretinoin is an extremely useful treatment for acne due 
to its influences on many etiological factors involved in acne 
by affecting cellular differentiation, cell cycle progression, 
cell survival and apoptosis (5‑7). As a result of all of these 
biologic mechanisms, it has been established that a dose of 
0.5‑1.0 mg/kg/day for a period of 4‑6 months is enough to 
produce a reduction in sebum excretion by 90% within a 
period of 6 weeks (5).

2. Research methodology

We analyzed the studies published in international journals in 
the last 20 years and found in the PubMed database, regarding 
the mechanism of actions of isotretinoin and its side effects. 
Isotretinoin is a controversial drug that is associated with many 
pathologies considered to be induced by its use, thus a rigorous 
research of the latest clinical studies was made in order to help 
the readers to become familiarized with this drug.

3. Mechanism of action of isotretinoin

Isotretinoin is considered to be the most efficient drug indi‑
cated for the treatment of severe forms of acne vulgaris and 
mainly, due to its strong sebum‑suppressive effects, which is 
induced primarily from sebocyte apoptosis. The apoptosis 
effect generated by isotretinoin is also the basis for its use 
in the treatment of childhood neuroblastoma, promyelocytic 
leukemia or basal cell carcinoma. It also induces apoptosis in 
adult T‑cell leukemia cells, B16F‑10 melanoma cells, primary 
human keratinocytes, or Dalton lymphoma ascites cells (7).

There are many studies that have been conducted to 
analyze the mechanism of action of isotretinoin and some 
have succeeded to explain these physiopathological pathways. 
Nelson et  al demonstrated that isotretinoin is responsible 
for inducing apoptosis and cell cycle arrest in human SEB‑1 
sebocytes, but also that apoptotic protein tumor necrosis 
factor‑related apoptosis‑inducing ligand (TRAIL) and neutro‑
phil gelatinase‑associated lipocalin (NGAL) contributes to 
the apoptotic effect of isotretinoin in the human sebaceous 
gland (8‑10). The role of TRAIL and NGAL was confirmed 
also by Kelhälä et al who showed the increased expression 
of these two molecules in the skin of acne patients who were 
under treatment with isotretinoin (11). TRAIL has been found 
to induce apoptosis in several tumor cell lines but studies 
have shown that it is relatively non‑toxic to normal cells, 
being constitutively expressed in many human tissues (11). 
In healthy patients, nuclear transcription factor, forkhead 
box protein O (FoxO) is responsible for inducing TRAIL 
expression and especially by FoxO3a (12,13). In patients with 
acne, FoxO activity is under the control of growth factor 
signaling. This explains the fact that insulin growth factor‑1 
(IGF‑1) and insulin, which are both increased in puberty or in 
patients with hyperglycemic diets or based on excessive dairy 
consumption, can induce FoxO phosphorylation by stimu‑
lating the kinase Akt followed by nuclear FoxO inactivation 
through cytoplasmic sequestration via 14‑3‑3 binding (14‑20). 
Isotretinoin is isomerized in sebocytes to all‑trans retinoic 
acid (ATRA) (21). ATRA is responsible for upregulating the 
expression of FoxO3a, a key transcription factor of apoptosis, 
and TRAIL (6,22,23). Studies have underlined that TRAIL 

is upregulated in the sebaceous gland of patients with acne 
that are being treated with isotretinoin, suggesting that this 
drug can increase FoxO/TRAIL signaling in these sebaceous 
glands, resulting in the apoptosis of sebocytes. The result of 
this process is the suppression of sebum, this being the most 
important anti‑acne action of systemic isotretinoin treatment 
in patients with acne (7‑10).

IGF‑binding protein‑3 (IGFBP3) is another FoxO‑
dependent pro‑apoptotic protein which is upregulated by 
isotretinoin treatment and is increased in human sebocytes 
during the treatment with isotretinoin. IGFBP3 is a nuclear 
transcription factor that interacts with retinoid X receptor‑α 
(RXRα) and retinoic acid receptor‑α (RARα)  (24‑26). 
Thereby, the interaction between RXR and IGFBP3 takes 
part in the transcriptional activity of RXRα, mediating the 
effects of IGFBP3 on cellular apoptosis (27). The activation 
of RARα because of FoxO‑dependent induction of nuclear 
IGFBP3 may overexpress the apoptotic NGAL (28). All of 
these findings are substantial proof that underline the role 
of isotretinoin in increasing the expression of pro‑apoptotic 
proteins (FoxO, TRAIL, IGFBP3, NGAL).

4. Dosage

The common treatment scheme for acne vulgaris consists 
of 0.5‑1 mg/kg/day of isotretinoin for almost 16‑30 weeks, 
depending on the severity of the disease. The response due to 
sebum reduction is shown after 6 weeks. Studies have shown 
that relapse is minimized when the total amount of treat‑
ment is at least 120 mg/kg, but there are not necessarily any 
added benefits when the dose of isotretinoin is approximately 
150 mg/kg (29). The half time of isotretinoin is approximately 
22 h and the biovitality is 25%. The European Directive recom‑
mends an initial dose of isotretinoin to be 0.5 mg/kg/day, for 
severe acne (nodular, conglobate) that is not responding to 
appropriate antibiotics and topical therapy (30). Isotretinoin 
is not indicated for children under 12 years of age and not 
as a first therapy line. The baseline investigations should be 
performed as before but also at 1 and 3 months throughout 
the treatment and all forms of peeling and wax depilation 
should be avoided during therapy and 6 months afterwards. 
All women in the fertile period are advised to have one or 
two contraceptive measures. These rules were made in order 
to prevent the possible side effects including pregnancy (31).

5. Teratogenic effect of isotretinoin

The teratogenic effect induced by isotretinoin has been 
described since 1982 when the drug was released on the 
market. The manufacturer of isotretinoin indicated the 
possible side effects known at that time, including teratoge‑
nicity, in a brochure used for patient education. In 1988, the 
pregnancy prevention program during isotretinoin treatment 
included 2 methods of contraception and monthly pregnancy 
tests to avoid pregnancies during the treatment with isotreti‑
noin (2,31). The risk of teratogenicity in infants exposed to 
isotretinoin in utero is estimated to be 20‑35%. This includes 
numerous congenital defects including craniofacial defects, 
cardiovascular and neurological malformations, or thymic 
disorders. Along with this, neurocognitive impairments even 
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in the absence of any physical defects has been established 
to be 30‑60% in children exposed to isotretinoin during the 
prenatal period (29).

Since it was released on the market, there have been a series 
of national programs in the USA and Canada to prevent preg‑
nancy during treatment with isotretinoin. The first program 
was introduced in 1988 in Canada and included notifying 
women of the possible side effects that this drug could have on 
infants and obtaining their written agreement to use 2 methods 
of contraception in parallel and have monthly pregnancy tests. 
After 7 years, this program was proven to be inefficient (32). 
In 2002, another program, the USA‑SMART (System to 
Manage Accutane‑Related Teratogenicity) which consisted 
of 2 consecutive pregnancy tests with negative results at the 
beginning of the treatment and a voluntary registration to a 
database system. This program proved to be insufficient in 
pregnancy prevention (33‑37).

In 2006, the US‑FDA introduced iPLEDGE, a program 
designed to provide a more elaborate guideline for better 
prevention of an eventual pregnancy during isotretinoin treat‑
ment. It consists of monthly pregnancy tests, documentation 
of contraceptive methods and constant information regarding 
the possible side effects in order to reinforce the key message. 
Along with this, all patients were included in a database. All 
of these measures did not solve the pregnancy problem during 
the treatment period with isotretinoin and did not show better 
results when compared with the SMART program (33‑37).

In order to improve iPLEDGE program, a series of 
measures should be employed including a better period of 
educational sessions for both women and their counterparts, 
regarding the treatment with isotretinoin and the possible 
side effects that it could have on infants, but also the possible 
contraceptive methods and how to perform proper pregnancy 
tests. In addition, the drug cannot be purchased without a 
medical prescription and in this way, there is an awareness 
regarding the efficiency of iPLEDGE (33‑37).

In Europe, the European FDA in association with the 
European Directive concerned with systemic isotretinoin 
prescription implemented a pregnancy prevention program 
for all female patients under isotretinoin treatment. In this 
program, female patients are advised to use at least one 
contraceptive method but ideally should consider two methods 
of contraception including a barrier method and another 
effective method of contraception for 1 month before the first 
administration of oral isotretinoin, during the entire period of 
treatment and one month after stopping it. The patients are 
advised to perform several pregnancy tests, one pre‑therapy, 
during therapy and 5 weeks post‑therapy (38).

In 2017, Salih published a study regarding the effects of 
isotretinoin on intrauterine prenatal development in pregnant 
mice and outlined that administration of this drug from the 
first day of gestation induced the loss of appetite, slow physical 
activity, and skin and hair color modifications. The histo‑
logical changes in the studied group that were treated with 
20 mg/kg of isotretinoin every day consisted in a decrease in 
the numbers of the papillary projects of the endometrial tissue, 
stroma loss with thickness of the lining epithelium, fewer 
endometrial glands as a result of the resorption process of the 
embryo inside the uterus. The study concluded that systemic 
isotretinoin administered to pregnant mice induced toxicity to 

the embryo with resorption and alteration, as a result isotreti‑
noin should definitely be avoided in the first post‑implantation 
phase of gestation (39).

Regarding males, there are several studies that have 
analyzed the safety of isotretinoin treatment in reproductively 
active males. One study published in 2017 by Bispo et al on 
mice demonstrated few abnormalities found in both male 
reproductive organs and embryos. The study included mice that 
were treated with 1 mg/kg/day isotretinoin and were placed 
to mate with females after 10 days of treatment. The results 
showed that isotretinoin did not induce toxicity in males, but 
it did produce a decrease in the reproductive organs in weight 
and also in Sertoli and Leydig cell number. A decreased 
testosterone level was also identified. Regarding the embryos, 
the study outlined decreased fetal viability, increased resorp‑
tion rate, post‑implantation loss and visceral or skeletal 
malformations  (40). On the other hand, a post‑marketing 
surveillance study reported 13 pregnancies where the father 
was under treatment with acitretin. Among all 13 babies, 
only one had malformations which could not be associated 
with retinoid embryopathy. There were communicated six 
spontaneous abortions and the rest were reported as healthy 
neonates. The study was limited but the authors concluded that 
males under treatment of retinoids can plan fatherhood (41). 
The studies regarding the teratogenic effect of isotretinoin on 
reproductive males are still limited due to the unethical nature 
of these human studies; thus, further investigations should be 
performed.

6. Apoptosis and teratogenicity

Scientists have conducted studies showing the severe terato‑
genic effects since isotretinoin was introduced on the market, 
both in laboratory animals and humans  (36). In humans, 
malformations induced by isotretinoin includes cranio‑facial 
malformations, cardiac, thymic and central nervous abnormal‑
ities, but the commonest are microtia, anotia, micrognathia, 
aortic arch or heart defects, thymic ectopia or aplasia or 
cerebellar vermis agenesis (42‑44). Thse malformations can 
be explained by the massive cell death that occurs in verte‑
brates during neural development and due to the fact that 
apoptosis is a contributor to nervous system development 
that requires a proper apoptotic signaling during embryogen‑
esis (45,46). ATRA is responsible for inducing reprogramming 
of cranial neural crest gene expression with increased apop‑
tosis secondly  (47,48). Studies conducted on animals have 
confirmed that isotretinoin administration during pregnancy 
can increase the apoptosis of neural crest cells and the appear‑
ance of malformations (49‑52). Malformations are caused by 
excessive cell death limited to trigeminal ganglion neuroblasts 
during ganglion formation. These are proposed by studies 
on mice which concluded that increased cell apoptosis is the 
principal mechanism involved in cranio‑facial malformations 
induced by isotretinoin administration (53).

Another teratogenic effect of this drug is represented by 
heart defects and aortic arch malformations. These abnormali‑
ties can be explained by impaired migrations of neural crest 
cells. It is well known that morphogenesis and the development 
of cardiovascular tissue depend on coordinated regulation 
of cell proliferation and apoptosis  (54). ATRA action on 
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cardiovascular tissue is specific during early development, 
such as anteroposterior patterning of the heart or endocardial 
cushion formation (55‑58). All of these data outline that neural 
crest cell apoptosis plays an essential role in the teratogenicity 
induced by isotretinoin treatment.

7. Conclusions

According to the US‑FDA, isotretinoin is the first line of treat‑
ment for severe acne vulgaris causing a reduction in sebum 
production, acne lesions and acne scarring. It has limited 
indications in the case of non‑nodular, inflammatory acne, 
where the administration of isotretinoin is recommended to 
patients with psychological distress caused by prolonged acne 
lesions (38). It also has shown efficiency in reducing anxiety 
and depression caused by the aesthetic aspect of the skin 
affected by acne vulgaris. This treatment has demonstrated 
effectiveness to clear most superficial or deep inflammatory 
nodules.

There is sufficient data to support the major action of 
isotretinoin is human sebocyte apoptosis. In addition, other 
cells such as neural crest cells or neural crest‑derived neuro‑
blastoma cells are very susceptible to isotretinoin‑induced 
apoptosis. This mechanism is the base for numerous side 
effects induced by isotretinoin of which the most cited and 
significant is teratogenicity.

There are numerous studies that have aimed to analyze the 
teratogenic effect induced by isotretinoin treatment in women 
during embryogenesis, showing the possible congenital 
malformations that may occur. In recent years, research has 
focused on the study of the possible side effects of isotretinoin 
in fertile men, without clear data to date.
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