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Abstract

Introduction: Androgen Insensitivity Syndrome (AIS) is a rare X-linked disorder characterised by an impaired virilisation in an individual with

46, XY karyotype. It is caused by several mutations in the Androgen receptor gene. There are 3 main phenotypes seen in AIS: Complete, partial and
mild AIS. AIS can be difficult due to late diagnosis in puberty as well as due to the lack of clear guidelines present. This systematic review looks at the
diagnosis and management of AIS in children.

Methods: A systematic search was conducted looking into the process of diagnosis of AIS and the surgical and non-surgical interventions
available to treat AIS. The studies were collated mentioning the year, type of study and the number of patients involved. The review also includes
studies that looked at adults >18yrs due to limited literature on children.

Results: A total of 28 articles were identified that fit the inclusion criteria.

Conclusion: The main aim of the management of AIS should address the full disclosure of diagnosis, functional, sexual and psychological issues
associated with it. The diagnosis of AIS may be made before or after puberty using karyotyping, ultrasounds and MRI scans. The main surgical
intervention includes a gonadectomy followed by oestrogen replacement therapy especially for Complete AIS and PAIS after puberty. Mammoplasty
for the reduction of gynecomastia can be offered to those with PAIS/ MAIS that identify as male. Itis also important to involve the MDT and the family

whilst making decisions about gender assignment.
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Introduction

Androgen Insensitivity Syndrome (AIS) is a rare X-linked
disorder characterised by an impaired virilisation in an individual
with 46, XY karyotype and testes producing age-appropriate
normal/low concentrations of androgens (Lancet, 2012). This
is caused due to multiple mutations in regions of the AR gene
(Xq12) coding for the androgen receptor. 70% of these mutations
are because of maternally inherited mutations whereas the other
30% are de novo mutations [1]. The receptor is responsible for
mediating the differentiation and development of a normal male
phenotype [2]. The clinical phenotype of AIS is variable and

@ @ This work is licensed under Creative Commons Attribution 4.0 Licensel GJPNC.MS.ID.000584.

can be classified into 3 main broad groups: Complete Androgen
Insensitivity (CAIS), Partial Androgen Insensitivity (PAIS) and Mild
Androgen Insensitivity (MAIS). The site of the mutation in the AR
gene will influence the phenotype of the individual with AIS. It has
been found that large mutations in the N-terminal domain (NTD)
will mainly lead to CAIS however, mutations in the Ligand Binding
Domain (LBD) of the gene will mainly cause either CAIS or PAIS [1].

‘Those with Androgen Insensitivity Syndrome has a wide
spectrum of clinical presentation such as having gynecomastia
or reduced fertility due to impaired spermatogenesis to primary
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amenorrhoea. Complete AIS shows complete feminisation of the
external genitalia; PAIS can have variable clinical presentations
(female, ambiguous or male genitalia) and mild AIS is characterised
by male external genitalia and impaired pubertal virilisation [1].
Impaired virilisation describes when an individual with a karyotype
46, XY fails to develop male characteristics which can include
hirsutism, deepening of the voice and increased muscularity. Whilst
some patients present before puberty having identified bilateral
inguinal masses (later identified as testes), others can present
after puberty due to primary amenorrhoea or sparse to little
public and axillary hair in AIS [3]. The development of oestrogen-
dependent secondary sexual characteristics occurs as a result
of excess aromatisation of the androgens (Lancet, 2012). These
presentations along with feminisation of the external genitalia
in a karyotype 46, XY should prompt investigations to diagnose
androgen insensitivity syndrome however, the diagnosis of AIS
can happen by chance due to the mismatch between prenatal sex
prediction and the phenotype at birth. Some of the investigations
include DNA sequencing, karyotyping, laboratory investigations
and ultrasonography/ MRI scans to identify the undescended
testes.

The management of androgen syndrome
will depend on the type of AIS however, the main aims of

insensitivity

the interventions should address the functional, sexual and
psychological issues such as gonadectomy accompanied hormone
replacement therapy, creation of a functional vagina and providing
genetic advice [4]. It is important to have a holistic approach and
involve the MDT as the diagnosis can be psychologically distressing
and important decisions need to be made about the timing of
surgical interventions if needed.

There have been many case reports of those diagnosed with
androgen insensitivity syndrome as well as other systematic
reviews exploring the management options for AIS in adults.
Currently, there might be a higher chance of this diagnosis in infants
due to DNA karyotyping and prenatal scans so, it is important to
consider age-appropriate disclosure as well as consider the risks

Table 1: Full list of all articles used in the systematic review.

and benefits of certain invasive treatment options for the child.
Therefore, the main aim of this systematic review is to look at the
diagnosis and management of androgen insensitivity syndrome in
children.

Methodology

The clinical questions that were explored in this systematic
review include: 1) State the process of diagnosis of Androgen
Insensitivity in children. 2) What are the surgical and non-
surgical interventions for Androgen Insensitivity in children? The
systematic review related literature published in the last 15 years
using Medline, Embase, PubMed and Cochrane Library. The English
translations for the foreign studies were also included in this review.

The criteria for possible inclusion are as follows:

1) Patients age group 0-18yrs

2) Diagnosis of Androgen Insensitivity Syndrome

3) Management of Androgen Insensitivity Syndrome

There is limited data specifically exploring the diagnosis and
management of AIS in children, therefore this systematic review has
included all possible studies including adults >18years. The lack of
literature could be because of the sensitivity around the diagnosis
of AIS. It might make it harder to also gain informed consent from
children and address the potential emotional distress.

The studies were collated mentioning the year, type of study,
the number of patients involved and their mean age. Any duplicates
of the study were also noted and excluded during the collection.
The quality of evidence of the studies included in this systematic
review was not evaluated.

Results

A total of 28 studies looking at the diagnosis and management
of androgen insensitivity syndrome were chosen to be included in
this systematic review. They all fit the inclusion criteria mentioned
above. This can be seen in Table 1.

Study Year Type Participants Procedure Outcome
Lanciotti 2019 Systematic Gonadectomy recommended- increased risk of testicular germ cell
etal [1] review tumour
Gottlieb Systematic
etal [3] 2018 review
Karyotyping and targeted . . . .
Akella [5] | 2017 Case report 2 families exome sequencing of the 2 novel missense mutations in p.L82.2P and p.P392S in CAIS and
PAIS respectively
AR gene
Batista et . R, . . e
al [6] 2019 Case report 9 Analysis of AR gene A complex defect in 5’'UTR region of the AR gene identified
Bianca et 1 fetus (20th AR gene molecular analy-
2009 Casereport | week gesta- get Y ¢.2493C 1 T change in exon 4 causing amino acid substitution
al [7] tion) sis on fetal DNA
Kim et al . - .
8] 2011 Case report 1 (58yrs) Bilateral inguinal surgery Mass had features of seminoma
Chauhan 2011 Case report 1 (17yrs) Bilateral orchidectomy H+E stain showed presence of immature seminiferous tubules with
etal [9] P y with hernioohaphy absence of spermatogonia
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Medical history of
Farah at bilateral inguinal hernias, | Testes in the abdominal cavity removed and oestrogen replacement
al [10] 2021 Case report 1 (13yrs) surgically repaired at the therapy started
age of 2 years.
Fulare et Bllatel."al orchldectomy After counselling, patient identified herself as female with hormon-
2020 Case report 1 (17yrs) after inguinal masses P
al [11] . . al substitution therapy.
identified
Gomez -
Loboetal | 2016 Sy:et“ji“e“j]“c
[12]
2 (1 month . .
Heo atal 2018 Case report and her Genetic analysis of the Bilateral gonadectomy performed
[13] AR gene
mother)
Kansa- Whole genome sequenc- Aberrant splicing of the mRNA caused by a deep intronic mutation
koskiatal | 2016 Case report 2 siblings gene 4 P J 4 p
ing (c.2450-118A>G)
[14]
Molecular analysis on the
Kocyyigit AR gene due to gyneco- Follow-up by physical examination and testis ultrasonography due
atal [15] 2016 Case report L6yrs mastia and sparse facial to refusal of bilateral gonadal biopsy
hair
Kohler et 2005 Case renort 6 patients Molecular analysis of 6 Somatic nonsense mutations and testosterone trial recommended
al[16] p p patients with AIS in those with PAIS
Lietal 2011 Case report 2 cousins Pedigree analysis and Deletion mutation in exon 2 and its surrounding introns was ap-
[17] p molecular study proximately 6000 to 7000 bp
Liuetal Testgsterone and.karyo— Small insertion mutation in exon 1. US and MRI are useful non-inva-
2019 Case report 15 year old typing due to primary A - .
[18] sive imaging to diagnose CAIS
amenorrhea
Assessment for primary . . . . .
Manzato 2021 Case report 22 year old amenorrhoea- US scans Self-report of eating disorder, severe depression, binge eating and
etal [19] . psychopathological symptoms
and molecular analysis
Mazen et Testosterone response in
al [20] 2004 Case report 6.5 years PAIS to assign reassign Good testosterone response- reassigned as male sex
sex
Metwal-
ley and 2021 Systematic Karyotype mandatory to differentiate an under- virilized male from
Farghally review an over-virilized female
[21]
Raicu etal Laboratory findings and | Defects of testosterone (T) and dihydrotestosterone (DHT) synthe-
[22] 2008 Casereport | 2month old DNA analysis sis were excluded and mutation in AR gene identified
38 individu-
Ramos et als with clini- Mutation detection, AR 18 different gene mutations in the AR gene- deletions, nonsense
2018 Research - L . .
al [23] cal suspicion binding assays and missense mutations
of AIS
Nezzo et 2013 Case renort 3 (38,22 and Karyotyping should be diagnosed in all females with bilateral ingui-
al [24] p 38yrs) nal hernias. MRI scans also recommended to locate testes
Bilateral inguinal surgery and testosterone levels were as high as a
Terro et al Delay in menarche and male.
25 2020 Case report 19 year old | bilateral palpable inguinal
(25] masses Misdiagnosis of Mayer-Rokitansky-Kiister-Hauser syndrome
(MRHKS)
Yamagu- Polymerase chain reaction
chietal 2014 Case report 15 year old y . Missense mutation in the AR gene and gonadectomy performed
26] analysis
Amniotic fluid analysis at
Yoshii et 2018 Case report 40 weeks+ 16 weeks and mismatch Assigned female sex after full disclosure and gonadectomy post-
al [27] p 6days between karyotype and poned until early adolescence
phenotype
. . . 200 . . E .
Yuan et al 2018 Research 10 (2-31yrs) Genetic analysis of the 10 different mutations- 60% clu§tered in the ligand-bonding
[28] AR gene domain.
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various regions of the AR gene that causes frameshifts, deletions
and single base mutations which can reduce the transcriptional
activity of the Androgen receptor [23]. Many studies suggest that
mutations in different parts of the gene can determine the type of
AIS; large NTD mutations mainly lead to Complete AIS [1] whereas
missense mutations in the NTD/ DBD of the gene has a milder effect
on the AR function therefore leading to either mild or partial CAIS.

Discussion

The management of Androgen Insensitivity Syndrome (AIS)
will require the correct diagnosis of the type of AIS (Figure 1). The
diagnosis of AIS should be established in someone that has a 46,
XY karyotype with feminisation of the external genitalia, abnormal
secondary characteristics and infertility [3]. A molecular DNA
analysis of those with AIS would most likely show a mutation in the

( N
Diagnosis and management of children with Androgen Insensitivity Syndrome

Signs of androgen insensitivity
syndrome

-Feminisation of external genitalia,
abnormal secondary characteristics,
and infertility in karyotype 46, XY,
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{[:;Tsﬁkh Androgen Insensitivity Partial Androgen Insensitivity :\:;Enl:il:dmgi:nms]
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-Mormal female genitalia but ( ! -Infertility with

absent female internal genitalia
-Present at puberty with primary
amencrrhoea and sparse and
absent pubic and axillary hair.
=0.8-2 4% girls with inguinal

-Predominantly female genitalia,

ambiguous genitalia.
-Testes are usually undescended
and a range of characteristics seen

azoospermia and reduced
virilisation at puberty.

h with the phenotype. Conservative and surgical
nl'_lasses ave .CMS. . management
- all'ge mutation seen in the NTD l -Mammoplasty for men with
region of the ﬂ1R gene. gynecomastia
+ Suirgical snd conservalive -Periodic re-evaluation of
Surgical and conservative management gynecomastia in puberty and

management

-A gonadectomy is preferred after
puberty in those with CAIS as it
allows for spontaneous puberty.
-Oestrogen replacement therapy is
offered- it is recommended to
start at the lowest dose

-The risk of testicular germ cell
tumours increases with age.

-Pre pubertal gonadectomy
preferred to reduce risk of
virilisation and emotional distress.
-Assignment of sex can be done
through testosterone treatment
trial using exogenous androgens.
-Sex assignment will allow for a
management plan to be formed.

genetic counselling for
inherited cases.
-Promoting spermatogenesis.

Figure 1: Surgical and non-surgical management of Androgen Insensitivity Syndrome (AIS).

-
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A hCG test can also help to exclude a 5-alpha reductase 2
deficiency and a decreased testosterone biosynthesis that may
present with similar clinical presentations [2]. It is also useful to
draw a family tree to identify manifesting carriers with spare/
delayed axillary hair, delayed puberty or hypospadias. The use of
ultrasonography is the first line to look for Mullerian structures
and an MRI can assist in locating the undescended testes in the
abdominal cavity [25].

Complete androgen insensitivity syndrome

Those with CAIS mainly have normal female genitalia with
absent internal genitalia. Therefore, many of these individuals will
present at puberty with primary amenorrhea and absent pubic
and axillary hair. They can also present with bilateral inguinal
hernias that are later established to be undescended testes. This

should trigger a karyotype study. The measured length of vagina
during hernia operations can also be short in females with CAIS.
A gonadectomy is delayed allowing for spontaneous puberty to
occur which is then followed by oestrogen replacement therapy
[4]. However, if gonadectomy is performed before puberty, puberty
will have to be induced using oestrogen replacement therapy. There
is evidence of an increased risk of testicular germ cell tumor with
age from the undescended gonads [1,8] however the removal of
gonads is increasingly controversial. Vaginoplasty or vaginal dilator
therapy may be considered to avoid dyspareunia despite this being
controversial and not routinely recommended [10].

Partial androgen insensitivity syndrome

In those with PAIS, full disclosure is more beneficial with
gender assignment deemed to be very crucial [4]. A prepubertal
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gonadectomy is preferred in those with PAIS that have
predominantly female genitalia to reduce the risk of virilisation
and the psychological discomfort [2]. This can be combined with
oestrogen replacement therapy. However, in those with PAIS and
either ambiguous or male genitalia, assignment of sex can be
determined through testosterone treatment using exogenous
androgens. The treatment will check for androgen responsiveness
to assign sex using expert evaluation in infancy. However, more data
is required to establish the effectiveness of androgen treatment at
puberty in these children [16].

A reduction mammoplasty would be recommended in
those with gynecomastia. Other surgical interventions involve
hypospadias repair and bringing undescended testes into the
scrotum [4,15].

Mild androgen insensitivity syndrome

Those with MAIS mostly have reduced virilisation at puberty
such as high pitch voice, sparse hair, gynecomastia and reduced
fertility due to impaired spermatogenesis [2,7]. Therefore, those
with MAIS may require mammoplasty for gynecomastia and
promoting spermatogenesis through testosterone therapy.

Additional management and support

A diagnosis of AIS should be carried out with full disclosure that
involves the patients and the family using an MDT that addresses
functional, sexual and psychological issues. It is also important to
have genetic counselling to discuss the consequences of infertility
and for the evaluation of any relatives at risk. Genetic counselling is
important to also address the guilt of passing on the mutation in the
mother [26]. It is also recommended to supplement both Calcium
and Vitamin D to improve bone density in those with AIS [3,23].

Conclusion

There are a variety of both surgical and non-surgical
interventions that are available to treat Androgen Insensitivity
Syndrome. However, it is vital to establish a correct diagnosis of
the type of AIS and address the main clinical presentations whilst
forming a management plan. Gonadectomy is advised for CAIS after
puberty to allow for spontaneous pubertal development however,
there is a risk of prepubertal tumors. However, it can help to reduce
the psychological discomfort associated with the diagnosis of AIS in
individuals identifying as females. A full disclosure of the diagnosis
is important along with psychological support and genetic
counselling to address infertility and the risk of relatives that may
be asymptomatic carriers.

A more complex management is required when patients
present with partial AIS with various phenotypes, therefore,
care and priority should be to provide sex assignment in infancy
and establish androgen responsiveness. However, more research
is needed to understand the effectiveness of an androgen
responsiveness test and its reliability in guaranteeing the same
response during puberty. Hormonal replacement therapy proves to
be vital when managing those with AIS throughout puberty as well
as to prevent secondary manifestations such as increasing bone
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