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Cytochrome P450 oxidoreductase deficiency (PORD) is a rare form of congenital
adrenal hyperplasia that can manifest with skeletal malformations, ambiguous
genitalia, and menstrual disorders caused by cytochrome P450 oxidoreductase
(POR) mutations affecting electron transfer to all microsomal cytochrome P450 and
some non-P450 enzymes involved in cholesterol, sterol, and drug metabolism. With
the advancement of molecular biology and medical genetics, increasing numbers of
PORD cases were reported, and the clinical spectrum of PORD was extended with
studies on underlying mechanisms of phenotype—genotype correlations and
optimum treatment. However, diagnostic challenges and management dilemma
still exists because of unawareness of the condition, the overlapping manifestations
with other disorders, and no clear guidelines for treatment. Delayed diagnosis and
management may result in improper sex assignment, loss of reproductive capacity
because of surgical removal of ruptured ovarian macro-cysts, and life-threatening
conditions such as airway obstruction and adrenal crisis. The clinical outcomes and
prognosis, which are influenced by specific POR mutations, the presence of
additional genetic or environmental factors, and management, include early death
due to developmental malformations or adrenal crisis, bilateral cophorectomies
after spontaneous rupture of ovarian macro-cysts, genital ambiguity, abnormal
pubertal development, and nearly normal phenotype with successful pregnancy
outcomes by assisted reproduction. Thus, timely diagnosis including prenatal
diagnosis with invasive and non-invasive techniques and appropriate management
is essential to improve patients’ outcomes. However, even in cases with conclusive
diagnosis, comprehensive assessment is needed to avoid severe complications, such
as chromosomal test to help sex assignment and evaluation of adrenal function to
detect partial adrenal insufficiency. In recent years, it has been noted that proper
hormone replacement therapy can lead to decrease or resolve of ovarian macro-
cysts, and healthy babies can be delivered by in vitro fertilization and frozen embryo
transfer following adequate control of multiple hormonal imbalances. Treatment
may be complicated with adverse effects on drug metabolism caused by POR
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mutations. Unique challenges occur in female PORD patients such as ovarian
macro-cysts prone to spontaneous rupture, masculinized genitalia without
progression after birth, more frequently affected pubertal development, and
impaired fertility. Thus, this review focuses only on 46, XX PORD patients to
summarize the potential molecular pathogenesis, differential diagnosis of classic
and non-classic PORD, and tailoring therapy to maintain health, avoid severe
complications, and promote fertility.
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cytochrome P450 oxidoreductase deficiency, congenital adrenal hyperplasia, ovarian
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skeletal malformations

1 Introduction

Cytochrome P450 oxidoreductase deficiency (PORD) is a rare type
of congenital adrenal hyperplasia (CAH) inherited in an autosomal
recessive manner caused by cytochrome P450 oxidoreductase (POR)
mutations, which results in multiple hormonal imbalances with
phenotypic diversity (1-5). For the protein encoded by POR gene
located on chromosome 7 is a bi-flavoprotein and responsible for
transferring electron from nicotinamide adenine dinucleotide
phosphate (NADPH) to all 50 microsomal cytochrome P450 in the
endoplasmic reticulum, including steroidogenic enzymes such as
cytochrome P450 21A2 (CYP21A2), cytochrome P450 17Al
(CYP17A1), and aromatase (CYP19Al), and drug-metabolizing
enzymes like cytochrome P450 3A4 (CYP3A4), cytochrome P450
2C9 (CYP2C9), and cytochrome P450 2C19 (CYP2C19), and some
non-P450 enzymes; POR mutations can disturb steroidogenesis leading
to adrenal and gonadal dysfunction and affect drug metabolism
regulated by hepatic cytochrome p450 enzymes (3, 6-10). Potential
insufficiency of cortisol increases episodes of illness and may lead to life-
threatening adrenal crisis during stress (11). PORD is a group of disease
with broad heterogeneity ranging from asymptomatic to skeletal
malformations similar to Antley-Bixler syndrome (ABS), disorders of
sex development (DSD), CAH phenotypes, and reduced reproductive
capacity due to abnormal hormonal patterns (1, 12). Sporadic and
familial cases with affected siblings have been reported (4, 13, 14).
However, the exact prevalence of PORD is still unknown (13, 15).

The first presumed case of PORD was described as
pseudohermaphroditism with multiple defects in steroid
biosynthesis indicative of combined CYP21A2 and CYP17A1
deficiency in 1985 (1). However, the molecular etiology of POR
mutations was not discovered until almost two decades later, which
was compatible with the biochemical findings (4). Now, more than
100 patients with approximately 200 mutations and polymorphisms
in POR have been reported (16-18). PORD can be divided into two
forms based on severity and predominant symptoms: classic PORD
with ABS and/or DSD phenotype, which is severe, and non-classic
PORD, also termed as late- or adult-onset PORD, solely with
menstrual disorders, infertility, and ovarian macro-cysts as primary
manifestations, which are mild (4, 13, 19). The former can be
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subdivided into two types: PORD with ABS-like phenotype, which
has skeletal malformations and is more severe even causing early
death; and PORD with DSD and absence of ABS-like phenotype,
which is less severe (20, 21). PORD with typical skeletal
malformations is once categorized as phenotype II ABS, but now it
is thought to be a separate entity distinguished from ABS (22-24).

Although with the development of molecular genetics and
increasing understanding of the condition, many cases can be
detected <3 months, several diagnostic challenges (especially for
non-classic PORD) and management conundrum continue to exist
owing to clinical variabilities and complex disease-related
comorbidities and adverse effects related to treatment (2, 25). For
example, airway obstruction due to choanal atresia and adrenal
crisis resulting from insufficient production and action of cortisol
may lead to life-threatening conditions. Yet, inappropriate sex
assignment as a result of untimely diagnosis and bilateral
oophorectomy during adolescents following rupture of ovarian
cysts because of unsatisfactory control in hormonal imbalances
were reported (4, 26). In addition, female patients with PORD
present DSD and delayed pubertal development more frequently
than affected male patients, and the influence of medical treatment
on pregnancy needs to be accounted for (26). Ovarian adrenal rest
tumors (OARTSs) are less detectable than testicular adrenal rest
tumors (TARTs) in CAH by conventional imaging (27). Thereby,
diagnosis and management on PORD patients with female
reproductive organs present unique challenges. Thus, this review
focuses on 46,XX female patients, albeit PORD can occur and cause
ambiguous genitalia in both sexes (28, 29).

2 Pathophysiology

Many cytochrome P450 enzymes and some non-P450 enzymes
require electron donation from POR for catalytic activities, including
adrenal and gonadal CYP21A2, CYP17A1, CYP19A1, and lanosterol
14-alpha-demethylase (CYP51Al), and squalene epoxide (SQLE)
involved in cholesterol and steroid metabolism (9, 30). Therefore,
POR plays significant roles as essential redox partner in physiological
homeostasis and hepatic drug metabolism (31, 32). POR mutations
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result in multiple imbalanced adrenal and gonadal hormones, which in
turn lead to altered feedback on hypothalamus-pituitary axis (HPA)
and hypothalamus-pituitary-gonadal (HPG) axis. Mutant POR
decreased enzymatic activities of CYP17A1 and CYP19A1 and may
cause low levels of estradiol (E2), which result in elevations of pituitary
gonadotropins including follicle-stimulating hormone (FSH) and
luteinizing hormone (LH). Defects of CYP21A2 secondary to POR
mutations may lead to potential deficiency of cortisol and mild increase
in pituitary production of adrenocorticotrophic hormone (ACTH)
commonly without obvious signs of adrenal hyperplasia detected on
adrenal imaging (16, 19). Although circulating testosterone (T) levels
are usually low-normal during childhood, androgen excess may exist
during fetal period, which may begin at early pregnancy and peak at
mid-gestation and affect genital development (4). The predominant
excess dihydrotestosterone (DHT), a potent androgen, during fetal
period is speculated to convert from the elevated 17 hydroxy-
progesterone (170HP) with androsterone as the precursor of DHT
through the alternative backdoor pathway bypassing the canonical
pathway in which T is the precursor of dihydrotestosterone (DHT) (4)
(as shown in Figure 1).

Another electron-accepting enzyme CYP51A1 is highly
expressed in human gonads and is essential for conversion of
lanosterol (33). Follicular fluid meiosis-activating sterols (FF-
MAS) produced from lanosterol participate in resumption of
oocyte meiosis and maturation (34, 35). Thus, decreased

10.3389/fendo.2023.1226387

CYP51A1 caused by POR mutation may lead to oocyte arrest,
which may be associated with ovarian cyst development (36). The
“double hit” of both elevated gonadotropins and reduced FF-MAS
mediated oocyte maturation contribute to ovarian cysts (26) (as
shown in Figure 2).

3 Pathogenesis

The decreased enzymatic activities of CYP21A2, CYP17A1, and
CYP19A1 caused by POR mutations may lead to elevated 170HP,
progesterone (P), low estradiol (E2), and T, normal or elevated
mineral corticoid such as deoxycorticosterone (DOC) level and
normal or low levels of cortisol, which may show inadequate
responsiveness to ACTH stimulation suggestive of partial adrenal
insufficiency (13, 37). Potential cortisol deficiency may result in
adrenal crises on stress (11).

3.1 Hypothesis for DSD and maternal
virilization during pregnancy

Contradictive antenatal virilization and postnatal androgen
deficiency and maternal virilization during pregnancy resolving
rapidly after delivery can be observed in PORD (38). There are two
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Schematic diagrams of cholesterol and steroid biosynthesis , including the canonical front pathway (in purple) and alternative ‘backdoor’ pathway (in
green) for androgen production. Preg, pregnenolone; 170H-Preg, 17 hydroxy-pregnenelone; DHEA, dihydroepiandrosterone; DHT,
dihydrotestosterone; AN, androstenedione; T, testosterone; E2, estradiol; E1, estrone; P, progesterone; DOC, deoxycorticosterone; Ald, aldosterone;

ACTH, adrenocorticotropic hormone. .
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hypothesis regarding the demonstrated specific fetal excess
androgen: the selective backdoor pathway of androgen production
in fetus and inhibition of placental CYP19A1 activity by mutant
POR (39, 40). For the former, the accumulation of 17OHP by the
fetal adrenals can activate the backdoor pathway leading to an
overproduction of DHT without intermediacy of T, which is highly
bioactive and can pass through the placenta to the maternal,
possibly accompanied by other excess androgen metabolites (41).
The alternative backdoor pathway closed soon after birth, so
newborn virilization did not progress after birth, and maternal
masculinization diminished rapidly after delivery. For the latter,
excess fetal adrenal androgens, such as androstenedione and T
derived from maternal dehydroepiandrosterone (DHEA), were
converted to 5a-DHT instead of being aromatase to estrone (E1)
and estriol (E3) in the placenta because of placental aromatase
deficiency affected by POR mutations (4, 11, 12). Which attributes
most to androgen excess during pregnancy remains debatable, with
the latter as the major cause supported by Fluck et al. (39, 42).

3.2 Possible pathogenesis of
ABS-like phenotype

Skeletal malformations in PORD may result from the
impairment of enzymatic activity involved in cholesterol synthesis
in chondrocytes catalyzed by CYP51A1 and SQMG requiring
electrons from POR. Defects of both CYP51A1 and SQMG
catalytic activities disturbed chondrocytic cholesterol production
and consequently resulted in insufficient cell differentiation and
increased apoptosis, which was supported by mouse knockout of
cyp51 resembling ABS (12, 43, 44) (as shown in Figure 2). Impaired
activity of cytochrome P450 26B1 (CYP26B1), the retinoid acid
(RA) grading enzyme, may also be associated with the ABS
phenotype with excess RA leading to premature fusion of the
cranial sutures and aberrant osteoblast-osteocyte transitioning
(45-47).
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3.3 Pathogenesis of delayed pubertal
development and infertility

Decreased E2 and T may have a negative effect on pubertal
development. No spontaneous pregnancy has been reported in
PORD patients up to now (13, 48). POR mutations attenuate both
the steroid- and drug-metabolizing enzymatic activities (39). Thereby,
infertility may be attributed to imbalanced steroidogenesis, impaired
endometrial receptivity, attenuation of drug metabolism, and the high
risk of miscarriage (19, 48, 49). Anovulation due to defective follicular
maturation with relatively low E2/T levels and atrophic endometrium
resulting from the direct anti-proliferative effect of abnormally elevated
P may be the main contributing factors of impaired reproductive
capacities, whereas fertility potential of oocytes is still reserved (13,
48, 50).

Maybe genetic variability is also involved in the pathogenesis
of PORD.

4 Clinical features

The activities of three steroidogenic enzymes may be affected to
various degrees by POR mutations, which results in broad spectrum
of manifestation, from asymptomatic to combined with ABS and
DSD phenotype (48). The predominant symptomatology may vary
corresponding to the severity of the complex set of hormonal
derangements and specific stages of life, with some presenting
prenatally and some phenotypically normal until adult. The
predominant anomalies were listed as follows according to the
developmental stages and clinical findings.

1. In uterus, fetal skeletal malformations may be visualized on
ultrasonography, including ABS-like discoveries of
craniocynostosis, protruding forehead, choanal atresia, radio-
humeral synostosis, and femoral shortening and bowing, club
feet, with femoral changes readily revealed (12, 51). To
systematically assess the severities of skeletal malformations,
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Krone et al. developed a clinical scoring system consisting of six
domains: craniosynostosis (3’), midface hypoplasia (3’), hand and
feet malformations (3’), large joint synostosis (3’), femoral bowing
(2°), and another additional malformations (2’) with total maximum
score (TMS) from 0 to 16 (52). During pregnancy the other
symptom is maternal virilization, which usually manifests from
mid-gestation (signs of acne, hirsutism, voice deepening, and
acromegaly) and decreased a few weeks after delivery (29). In a
case report of PORD, maternal acne and voice deepening was noted
at 14-16w and 24w, respectively (29). Alertness of these features is
helpful for the identification of possible PORD.

2. After birth during infancy or childhood, signs of DSD, the
most common symptom of PORD including ambiguous genitalia
even with Prader V, may be revealed in classic PORD, although a
timely conclusive diagnosis may not be established (2, 26, 53).
Labial fusion, clitoromegaly, vaginal atresia, and a single urogenital
orifice had been described in PORD (54). Recurrent otitis media
and conductive hearing loss were described in PORD, which may
result from stenotic external auditory canals and middle or inner
ear malformations (15). In recent years, with the awareness of the
condition, some distinctive subtle facial abnormalities were also
documented, including lower eyelid fat pads, prominent lower
eyelid-zygoma transverse line, single earlobe crease, and
underdeveloped or absent anti helix (12).

3. During adolescent, absent or delayed puberty, menstrual
disorders, and infertility may be demonstrated, which can be the
primary manifestations of PORD or occur with ABS or DSD
simultaneously (13, 28, 55). It can manifest with primary or
secondary amenorrhea, oligomenorrhea, irregular menses,
disordered pubertal development, and primary infertility. Delayed
puberty may be correlated with subclinical hypoglycemia due to
slight adrenal insufficiency as well as insufficient sex hormones (2).

Another common finding in PORD is ovarian macro-cysts,
especially for the non-classic form, which is prone to spontaneous
rupture leading to emergent surgery and loss of reproductive
capacity (56). The possible associated symptoms may range from
mild abdominal discomfort to acute abdominal pain (13, 37). Serial
bilateral ovariectomies owing to rupture of ovarian cysts had been
noted in adolescent patients (4, 26). Of note, large ovarian cysts can
even be detected during infancy (28, 57).

Besides the typical presentations of ABS, DSD, maternal
virilization during pregnancy in classic PORD, menstrual
disorders, and ovarian cysts in non-classic PORD and infertility
in both forms, less common manifestations were also demonstrated,
such as adrenal crisis and hypertension. Although most PORD cases
present with partial adrenal insufficiency, adrenal crisis occurred in
a 46, XX patient with Y578C/1444fsX449 mutations (56). In
addition arterial hypertension of 130/54mmHg in a 5-year-old
child and 140-160/90-95mmHg in an adult were reported (15,
25). The mildly hypertensive condition is possibly secondary to
elevated DOC (52).

To sum up, the clinical findings include ABS-like skeletal
malformations, maternal virilization during pregnancy, DSD,
absent or delayed puberty, menstrual disorders, ovarian macro-
cysts, infertility, adrenal insufficiency, hypertension, recurrent otitis
media, and conductive hearing loss.
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5 Biochemical assessments

As 21-hydroxylase deficiency (21-OHD) only affects adrenal
steroidogenesis and 17 alpha-hydroxylase involves in both adrenal
and gonadal steroid production and POR mutations have disruptive
effects on both CYP21A2 and CYP17Al, multiple hormonal
derangements can be observed in PORD by serum and urinary
sampling analysis, reflecting altered steroid biosynthesis and
metabolism (58). Several other tests are needed to establish
definitive diagnosis and assist management.

5.1 Chromosomal test

As genital ambiguity may occur in both sexes in PORD,
chromosomal test is essential for gender assignment (59). It has
been reported that some 46, XX PORD patients with ambiguous
external genitalia were initially raised as boys (26).

5.2 Evaluation of steroid hormone profiling

The serum 170HP, P, and 17 hydropregnenolone levels are
usually elevated, and basal cortisol and ACTH levels may be normal
or nearly normal (26, 56). Serum E2 concentrations may be normal
or low with normal or elevated FSH and LH levels (54). Serum T
levels are usually low-normal, different from that in ABS and
polycystic ovarian syndrome (PCOS) (13).

5.3 ACTH stimulation test

Although patients with PORD usually have normal levels of
basal cortisol, they are still at a relatively high risk of adrenal
insufficiency primarily due to deficient action of glucocorticoid,
especially during stress (60). An overlook of adrenal insufficiency
may lead to disastrous consequences including untimely death (11,
26). It had been revealed that unexplained shock appeared in a 8-
year-old highly suspected PORD patient after routine
appendectomy (26). ACTH stimulation test is recommended in
PORD patients, as basal cortisol is not sensitive to assess potential
adrenal insufficiency, especially during inflammatory stress, peri-
operation, and episodes of illnesses (23). A marked increase in
170HP and P and inadequate increase in cortisol can be observed
after cosyntropin test (13, 37). In a Japanese study of PORD, the
basal cortisol level was <8ug/dl and <18ug/dl after ACTH
stimulation, demonstrating partial adrenal insufficiency (2).

5.4 Ovarian stimulation test

PORD patients also showed a special pattern to ovarian
stimulation. Compared with common in vitro fertilization (IVF)
cycles, in PORD, it presents with modestly increase in serum E2 and
an unusual elevation of P following letrozole combined with human
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menopausal gonadotropin (hMG) protocol or gonadotropin-
releasing hormone (GnRH) agonist and GnRH antagonist
regimen (13, 61).

5.5 Urine steroid metabolite analysis

Urine steroid profile may reveal partially combined deficient
CYP21A2 and CYP17A1 activities resembling that in serum (21).
The ratios of steroid substrate metabolite to product metabolite can
allow diagnosis of a variety of steroidogenic disorders with the
elevated ratio of P metabolite pregnanediol over cortisol metabolites
(tetrahydrocortisone (THE)+tetrahydrocortisol (THF)+5aTHF) as
a PORD-specific diagnostic method (52). Urine androsterone
derived from both front door and backdoor pathway and
etiocholanolone derived almost exclusively from front door
pathway during early infancy (62).

5.6 Genetic analysis

In patients combined with manifestations of 210HD and 170HD,
corresponding gene tests including CYP21A2, CYP17A1, CYP19Al,
and POR are beneficial for establishing molecular diagnosis.

6 Genotype—phenotype correlations

Correlations between POR mutations and the clinical and
biochemical phenotype contribute to elucidate the molecular basis of
PORD pathogenesis, provide valuable information for genetic
counseling, and predict clinical manifestations and prognosis (24,
52). Genotype-phenotype correlation is a hot spot in many genetic
disorders and the same is true in PORD. It remains a conundrum,
albeit great developments emerged on how mutant POR had
deleterious effects on the microsomal enzymes and interactions
between different redox partners via computational analysis of
available data and functional studies in vitro. POR mutations cause
variable effects on the enzymatic activities with different redox partners
(24). For example, the unique founder mutations of different ethnic
group A287P (Caucasian), R457H (Japanese), and P399_E401
(Turkish) showed various degrees of impaired enzyme activity with
retaining residual 21-hydroxylase activity, 70%, 32%, —; 17 hydroxylase
activity, 20%, 3%, and 24%; 17, 20 lyase potent 10%, —, 31%; and
CYP19A1, 60%, 1%, and 25% (21, 31, 32, 39, 55, 63). Distinct
mutations in different domains had also been described, such as
Y181D affecting flavin mononucleotide (FMN) binding, R457H,
Y459H, V492E in flavin adenine dinucleotide (FAD) binding, and
C569Y, V608F in NADPH binding domain (18, 21, 55, 62-66).
Generally, the clinical manifestations of PORD correlated well with
the degree of impairment of POR enzymatic activity (12). Patients with
null or splicing mutations present more severely than those with
missense mutations (52, 54). POR expression as early as a two-cell
stage indicates its important role in cellular function (67). Hence,
patients with null mutations on both POR alleles have not been
described yet, probably due to its incompatibility to life, which is

Frontiers in Endocrinology

10.3389/fendo.2023.1226387

consistent with observation of embryonic lethality in murine por
knockout model (67, 68). However, it has been discovered in recent
years that even patients harboring identical POR mutations present
with impaired enzymatic activity to a distinct degree. In two affected
siblings with compound heterozygous mutations (p.GIn609*/
p.Trp620Ser), the older sister presented with primary amenorrhea
without signs of DSD whereas the younger manifested with mild
genital virilization and labial fusion and irregular menses (13). The
discordant presentations of the same mutation demonstrated that
phenotypic expression in PORD was multifactorial and may be
influenced by other genetic, epigenetic, or environmental factors,
such as the regulation of Drosophila mothers against decapentaplegic
protein (Smad3/4), thyroid receptors, and transcription factor
activating protein 2 (AP-2) in human POR transcription (3, 69).
Susceptibility to xenobiotics may change either resulting from
impaired hepatic enzymes secondary to POR mutations (25).
Furthermore, it is proposed that POR polymorphisms, cytochrome
P450, and associated genes may also involve in the diverse PORD
phenotype (39).

7 Diagnosis and differential diagnosis

The typical cases can be diagnosed during infancy or childhood at
pediatrics, usually <3 months, while non-classic PORD patients can be
referred >30 years of old (2, 13). By carefully obtaining medical history,
physical examination, and the choice of biochemical steroid profiling
and imaging tests, it is not difficult to identify PORD cases with
manifest clinical and biochemical characteristics, such as maternal
virilization and low levels of E3 during pregnancy, ABS-like phenotype,
signs of DSD, menstrual disorders, primary infertility, recurrent
ovarian macrocysts prone to rupture, and combined steroidogenic
enzymatic deficiency. Some cases can be detected in neonatal screening
program (56, 57). However, diagnostic challenges still exist because of
overlapping phenotypes with other disorders, paucity and unawareness
of the condition, and untypical and non-specific presentations in mild
cases (13). It needs to be differentiated with the following entities: other
forms of CAH, such as 21-OHD, CYP17A1, and CYP19A1 deficiency,
PCOS, and primary ovarian insufficiency (POI) (12, 15, 16).

7.1 ABS

Both PORD and ABS can present with similar malformations such
as craniosynostosis, midface hypoplasia, radiohumeral synostosis, and
femoral bowing, but ABS is an autosomal dominant inherited disease
caused by fibroblast growth factor receptor (FGFR) mutations with
normal steroid production (55, 70, 71). ABS combined with abnormal
steroidogenesis is now categorized as PORD (18). Steroid profiling and
gene testing can help distinguish the two entities.

7.2 CAH

Some PORD cases with abnormal external genitalia and increased
170HP and P were reported to be initially regarded as 21-OHD or
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CYP19A1 deficiency. Differentiation of the distinct forms of CAH is
important for physiological dose of glucocorticoid is needed without
progression of excess androgen excretion after birth in PORD, whereas
a supra-physiological cortisol replacement is required to suppress
androgen excess in 21-OHD. Clinically, virilization in PORD did not
progress postnatally, opposite to that of untreated 21-OHD (5, 28, 72).
Biochemically the amplitude of elevation of 17OHP was lower than
that of P in PORD cases, which is opposite in 21-OHD (52). Besides the
impairment of CYP21A2 in both conditions, CYP17A1 activity is also
impacted by POR mutations, resulting in low-normal levels of E2/T, in
contrast with 21-OHD. Cortisol levels may be normal but responds
poorly to ACTH stimulation in PORD, which is commonly low in 21-
OHD. Aldosterone deficiency with salt-wasting is only detected in 21-
OHD, not in PORD, albeit theoretically possible (37). Biochemical
measurement of urinary steroid metabolites can differentiate PORD
from 21-OHD, including the pregnanetriolone/tetrahydrocortisone
ratio (Ptl/THEs), tetrahydroaldosterone (THAldo), pregnenediol
(PD5), 110HAn/THAIldo or 110HAn/PD5 ratio, and 11J3-
hydroxyandrosterone (110HAn), which is confirmed in Japanese
infants (73). OART has been described in cases with 21 OHD,
whereas to date, no OART was reported in PORD (27).

7.3 PCOS

Non-classic or adult-onset PORD should also be differentiated
from PCOS, as they can both present with irregular menses,
infertility, and ovarian cysts (16). However, in PORD, serum T is
low to normal afterbirth with elevated P concentrations, and the
ovarian cysts are usually at the risk of spontaneous rupture
requiring surgery, while in PCOS, hyperandrogenism often exists
with normal P levels and polycystic ovarian morphological features
of a number of antral follicles (2-9 mm in diameter), which
seldomly require operation (28, 74-76).

7.4 POI

Secondary amenorrhea with decreased E2 and anti-Miillerian
hormone (AMH) and in turn increased FSH and LH, which were
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shown in some non-classic PORD, can lead to suspicion of POI
Steroid hormone and genetic assays are helpful for the
differentiation (13).

Because of the broad heterogenous phenotypic spectrum of
PORD, maybe some asymptomatic or mild cases remain
undiagnosed with some misdiagnosed because of ascertainment
bias (13, 28, 77). POR gene testing may help establish diagnosis if no
mutations were found in genes that encode proteins directly
catalyzing steroidogenesis in cases with disordered steroid
hormones (78). Comprehensive evaluation is essential after
diagnosing PORD to provide proper management, such as
assessment of chromosomal karyotype and adrenal insufficiency,
which may lead to life-threatening adrenal crisis if overlooked (26)
(as shown in Table 1).

8 Prenatal screening and diagnosis

Prenatal screening and subsequent diagnosis of suspected
PORD fetus is essential for optimum management of the
condition. The routine antenatal examinations can provide useful
clues for identification of PORD, such as low maternal E3 levels and
skeletal malformations including choanal atresia and femoral
bowing detected on ultrasonography (28, 51). Maternal serum E3
was proposed as a marker steroid for PORD (79). Maternal
virilization during pregnancy may occur with 46, XX PORD cases
(80). Of note, maternal masculinization can present with excess
androgens caused by other causes (81). Low E3 occurs on the
presence of several other steroidogenic deficiency, such as
steroidogenic acute regulatory protein deficiency, CYP17Al
deficiency, steroid sulfates deficiency, defects of placental
aromatase, hypopituitarism, and Smith-Lemli-Opitz syndrome.
ABS-like phenotype can be observed in multiple syndromes,
including trisomy 18 syndrome, Apert, Jacobse, Jackson-Weiss,
and Pfeiffer syndrome (51). Although among maternal virilization,
low serum E3, and ABS-like phenotype, none of the clinical,
laboratory, and sonographic findings are PORD specific, we
propose that two of three otherwise unexplained features are
highly indicative of PORD, which needs further investigation in
clinical practice. Importantly, perinatologists should be aware of

TABLE 1 The essential comprehensive evaluation in suspected PORD cases and the relevant key points in management.

Essential comprehensive evaluation Key points in management of PORD

Chromosomal test
ACTH stimulation test
ABS-like phenotype
DSD
Pelvic imaging for ovarian cysts
Pubertal development
Infertility

Education

Sex assignment
Glucocorticoid supplement therapy
Multiple interdisciplinary operations
Early correction, usually <2 years old
E2 replacement, sometimes plus GnRH analog and corticosteroids
Sex hormone replacement therapy

IVF-FET

Psychosocial support

ACTH, adrenocorticotropic hormone; ABS, Antley-Bixler syndrome; DSD, disorders of sex development; E2, estradiol; GnRH, gonadotropin releasing hormone; IVE-FET, in vitro fertilization

and frozen embryo transfer.
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and remain alert to the positive findings, which significantly
implicates pregnancy outcome and fetal prognosis. Maternal
urinary steroid profiling is also helpful for the prenatal diagnosis
with excessive excretion of epiallopregnanediol of largely fetal
origin in maternal urine (82).

Prenatal diagnosis may be needed in highly suspicious cases of
PORD. Amniocentesis could be done to detect the underlying
genetic etiology during second trimester (51). Nowadays, a non-
invasive technique has been developed to obtain fetal genetic
information following the discovery of fetal cell-free DNA in
maternal circulation, which allows the diagnosis of single gene
disorders at an early gestational age (83, 84).

9 Treatment

For the paucity and newly identified traits of PORD, knowledge
regarding optimum management is limited, and there is no clear
guidelines for treatment globally (13, 16). Therefore, current therapies
for PORD are commonly dependent upon clinicians’ experience and
individualized. Maybe the primary goals are control of multiple
hormonal imbalances, correction of developmental malformations,
facilitation of pubertal development, and treatment and prevention
of severe complications including adrenal crisis and rupture of ovarian
macro-cysts, fertility facilitation, and psychosocial support, especially
for sex assignment. Management challenges still emerged including
intrauterine therapy, the effect of POR mutations on clinically used
drugs, and life-threatening adrenal crisis, albeit some therapeutic
advances have achieved, e.g., successful pregnancy outcomes
following PORD and effective therapy for ovarian cyst without
operation. Furthermore, treatment is complicated by disease-related
comorbidities such as upper respiratory obstruction and treatment-
related adverse effects (e.g., the risk of breast cancer) (25).

The following issues need to be considered in the treatment for
PORD according to the corresponding comprehensive evaluation
during and after diagnosis of PORD (as shown in Table 1):

9.1 Glucocorticoid replacement

According to a meta-analysis of PORD of both sexes, in the
genetic-proven PORD patients, only 54% underwent assessment of
adrenal insufficiency with a positive rate of 78% (38/49), implying a
rather common phenomenon in PORD (17). Thus, glucocorticoid
replacement is required in a majority of PORD patients with
permanent cortisol replacement therapy or at least stress dose cover,
which is somewhat contrast to what was suggested that hydrocortisone
treatment may be avoided in some mild to moderate cases (2, 52).
Glucocorticoid replacement may be essential in the following
conditions: episodes of illnesses, inflammatory stress, peri-operative
stage, unsatisfactory control of ovarian macro-cysts, and prior to frozen
embryo transfer (ET) (11, 13, 28, 85). During delivery, the
administration of intravenous injection of hydrocortisone (100 mg)
was also demonstrated (13). In infants and children with PORD, short-
acting glucocorticoid, such as hydrocortisone, is prescribed for its
minimum effect on growth, whereas both short- and long-acting
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glucocorticoids can be selected in adults. For example,
hydrocortisone (25-30 mg) or dexomethasone (0.375mg, 0.5mg, and
0.75mg) were used to suppress elevated P levels and aid in successful
embryo implantation (48). Commonly replacement of physiological
dose of glucocorticoid is required in PORD, different from that of 21-
OHD, which needs supra-physiological dose of cortisol to suppress
adrenal androgen excess. Glucocorticoid supplement can also lead to
normalization of blood pressure, which was reported in a 5-year-old
child treated with oral hydrocortisone (6.25mg/m2/d) (15). It is
essential to adjust glucocorticoid doses during intercurrent illness,
oxidase stress, and medical or dental procedures, as nearly 50%
patients with adrenal insufficiency possibly suffer adrenal crisis
partially due to the failure of replicating circadian rhythm of cortisol
(86, 87).

9.2 Correction of developmental
malformations

Skeletal abnormalities in PORD can be treated with staged
orthopedic management (37, 88). Among these choanal obstruction
(stenosis or atresia), one of the main causes of mortality in PORD
requires timely surgical correction including nasal stints or
tracheotomy and tracheostomy as needed (89). For craniosynostosis
like in other craniofacial syndromes, multiple interdisciplinary
reconstructive surgeries may be needed ranging from infancy to
adolescence, as reported in a non-classic PORD patient serial
surgeries were performed at 11 months and 8 years (13, 90).
Operations for genital abnormalities were usually carried out before
2 years of age including feminizing genitoplasty such as cliteroplasty
and vaginal reconstruction (11, 15, 91), although sometimes partial
clitoral reduction and vaginoplasty were performed between 5 and 12
years of age because of opposite gender assignment (26). Anesthetic
risks associated with ABS phenotype should be taken into account such
as difficulties in intubation with choanal obstruction (92).

9.3 Sex assignment and
psychosocial support

Proper sex assignment is pivotal in patients with DSD. In some
cases, wrong gender identification was implemented, occasionally with
subsequent administration of testosterone enanthate, which will have
negative effect on children’s physical and psychosocial health (11).
PORD exclusively affects steroidogenesis and does not alter gonadal
morphogenesis, so PORD patients with 46, XX karyotype present with
female reproductive organs including uterus and ovaries. Therefore, 46,
XX PORD patient should be raised as girls despite the masculinized
external genitalia. Maybe chromosomal test and pelvic imaging is
helpful for correct sex assignment.

9.4 Developmental facilitation

Incomplete or absent pubertal development due to defects of
sex steroid is common in PORD, which can be treated with E2
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supplement (28). The initial ages with sex hormone replacement
varied in different reports, with equine estrogens and P at 17, 13
years and 15, 11 years with E2 replacement therapy (11, 15, 25, 26).
Of note, breast cancer without family history was elucidated in a 37-
year-old PORD patient treated with sex hormone replacement for
20 years, possibly due to excess E2 exposure secondary to the impact
of POR mutation on corresponding hepatic cytochrome p450
enzymes. Hence, drug metabolization should be accounted for in
the administration of PORD, which also have impacts on hepatic
drug-metabolizing enzymes, including CYP3A4 (93).

9.5 Treatment for ovarian cysts

Although ovarian cysts are benign tumors according to
histological findings, the fact that they apt to rupture
spontaneously and readily recur highlights the importance of
timely and appropriate treatment (26). E2 replacement can
markedly reduce the size of ovarian cysts, while E2/P, including
combined oral contraceptives, sequential therapy combined with
GnRH analog, and low-dose corticosteroids were needed in some
patients (16, 22). It has been reported that administration of
triptorelin (monthly intramuscular injection of 3.75mg for 2
months) on the basis of sex hormone replacement successfully
reduced the number and size of ovarian cysts (13).

9.6 Treatment for infertility

No spontaneous pregnancy has been reported in PORD
women, but successful pregnancy can be achieved by in vitro
fertilization-frozen embryo transfer (IVF-FET) following adequate
hormonal control. Artificial endometrial preparation was essential
for low levels of E2 and elevated P altered endometrial receptivity,
and administration of oral glucocorticoids. Twins live birth (a
healthy boy and a healthy girl) were delivered at 37 + 2 weeks by
cesarean section in a Chinese patient aged 29 with a compound
heterozygous mutation of R457H/P399_E401del (48). Thus, the
developmental potential of oocytes seemed not to be impaired by
POR mutation. To date, only five cases with successful pregnancy
outcomes (two twin live births and three singleton live births) in
PORD, and of note, all of them had elevated 17OHP and basal P
concentrations and ovarian cysts, but none of them had clinical or
biochemical obvious signs of adrenal insufficiency (13, 19, 48, 61).
Several early pregnancy losses after FET were also reported in a
non-classic PORD patient (c.1631T>C/c.1723G>A), probably
associated with dysfunctional steroidogenesis and disordered
immune system (19).

9.7 Intrauterine intervention

Intrauterine treatment or termination of pregnancy (TOP).
Management dilemma exists in cases prenatally diagnosed and
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encountered continue pregnancy and intrauterine treatment or
TOP. In fetus with severe skeletal malformations, TOP may be a
choice after definitive diagnosis and genetic counseling (51). Once
virilization was observed during pregnancy in a 46,XX fetus, it is
proposed to decline DHT promptly to prevent further development
of abnormal genitalia.

10 Prognosis

The proper intervention of PORD may require participation of
multidisciplinary practitioners, including sonologists,
perinatologists, pediatricians, gynecologists, obstetricians, and
endocrinologists. The prognosis is associated with early diagnosis,
severity of bony malformations, timely perinatal care, compliance
to treatment, and reinforced education (26, 29, 37, 94). Good
clinical outcomes also call for education of both healthcare
providers, patients, and their parents, especially in transition from
pediatrics to adult clinics (94). Anyway, it has been reported that
quality of life (QOL) of patients presenting with DSD may be not
impaired after proper management (95).

11 Conclusion

In summary, PORD should be considered in patients with ABS
phenotype, DSD, or menstrual disorders combined with
steroidogenic abnormalities (96). Establishing the correct diagnosis
early is essential for proper management, such as proper sex
assignment and tailored glucocorticoid doses. The prevention of
adrenal crisis should be kept in mind in PORD, albeit usually with
normal basal cortisol levels, as adrenal insufficiency resulting from
poor actions of cortisol can be life threatening during stress. The
control of ovarian cysts is pivotal to reserve reproductive potent
because of the traits of spontaneous rupture requiring oophorectomy.
Infertility can be achieved by IVF-FET following adequate treatment
of multiple imbalanced hormones. Prenatal screening and diagnosis
allow timely intervention and prevent severe birth defects. Thus,
prompt diagnosis and tailoring therapy based on thorough evaluation
is beneficial to improve clinical outcomes in patients with PORD.
Although molecular mechanisms in PORD have been
comprehensively investigated with great advancement, there is still
a long way to go to identify genotype-phenotype correlations in
PORD complicated by possible involvement of other genes,
epigenetic, and environmental factors, which may be explored in
future research. Investigating potential therapeutic targets for PORD
may also provide future direction for better management of
the condition.
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