Seminar I

Congenital adrenal hyperplasia

OralaEF-Marichs, Wit Arlt Detiarak Fikerke,

Congenital adrenal hyperplasia is s group of aulosemal recessive disorders encompassing enzyme deficiencies in the

adrenal steroidogencais pathway Whal lead to impaired caitisol biosynthesis. Depending on the lype and severily of

steroid block, patients can have various allerations in gluescorticoid, mineralocostienid, and sex steroid production
that require hormone replacement therapy. Presentations vary from neonzial salt wasting and atypleal genitalia, o
adull presentation of hirsutiem and irregular menses. Screening ol neonates with elevated 17-hydroryprogesterone
concentrations for clagsic {eevere) 2i-hydroxylase deficiency, the rmost commmon lype of cangenilal adrenal hyperplasta,
iz in place in many esuntries, however cosyrlropio simulation testing might be reeded to confitm the diagnoasis or
establish nons-classic (milder) sublypes. Challenges in the wreatment of congenital adrenal hyperplasia indude
avoidance of glucocortienid overtreatment and condeal of sex heemone Tinbalanees. Long-term complications include
abiorual grewth snd development, adverse effects on bone and the candiovasenlar system, and infertility. Novel
rezlments aim to reduce glococoriiceid sxposure, improve excess horinone control, and mimic physiological

L ssote paleris,

Introduction
In 1865, Tuigl De Creechio, ap Ialian patholepgist,
described the case of 1 tman wha, 21 atlepsy, was feund ko
have female inlernal anatomy and large adrenal glands,
tepresenting the firsl kniown case of presumed congenital
adrenal hyperplasia (figure 1) However, lreatmenl for
congenilal adrenal hyperplasia was not Introduced far
altnost another century when costisone was given [or
what was then known as adrenogenital syndrorme
Congenital adrenal hyperplasia fs a group of seven
atlozomal recessive digeases caused by mutations in
genes encoding enzpmes in palhways invalved in cortisol
biesynthesiz: M-hypdeowylase (210H), 11-hydroxylase
(F1POM), 1Fohydronylase (370H:  also known  as
17, 20-vasey, If-hydrovysiereld debydrogenase type 2
(IBHSD2Y, slermdogenic acule regulatory prolein (SLAR]),
P450 chelesierol side-chain cleavage enzyme [3CC), and
P450  pxidoreductzse  (POR).  Multiple hormoenal
imbalances ocour and congenital adrenal hyperplasia
roanifests with a range of clinical and biechemical
phetolypes, wilh o without diesatione in glucocorticold,
rnineralocortienid, and sex stercdd production. Both
severe [classic) and mild {non-classic) forms of congenital
adrenal hyperplasia bave been deseribed

Maote lthan 9394 of congenital adrenal hyperplazia cases
are due to 2104 deficiency,™ characterised by irpaired
cestizol and aldosterone production and androgen exress.
Life.cavitg neonatal screening for classic conpgenitl
adeenal hyperplasia due to 210H deficiency was Hrst
done in Alaska in 19777 and &= currently used worldwide
in maore than 40 couniries, including alf 50 US stales
gince 2009, although @ is yel 1o be implemented in the
UK Although all types of cassie congenital adreral
hyperplagia sre rare orphan diseases, the non-classic
{orm due 10 210H deficiency i3 estinnated 1o be one of the
most commmon auosomal recessive disarders ™

Congenilal adrenal hyperplasia remaing one of the
most challenging endactine disorders 1o diagnase,
manage, and treat because of the disordecs’ divect ard
indirect eflecla on slesoidogenic pathways and Lhe rarily

of hese conditions. Advances in genelics, metabolamics,
and trealmeni  strategies  condihue lo improve
understanding of these compley diseases and aim fo
irmprave patient nulcames,

Geneties and pathophysiclogy
Overyiew
All types of congenital adrenal hyperplasia are monogenetic
and sutogornal recescive. Mast patlents are campound
heterorygates, meaniryg that they have dilferem mutations
in wa alleles for a particular gene. The clinical
manifestation Bllows the allele thal resulls in a tmore
funclional enzvme, and genetally genotype-phenotype
correlabion is gisnd =

Adrenal sleroidogenesis occurs by a sedes of steps
facilitated by adeenal zooe-specific enzFyme expression,
and in different types of congenital adrenal hyperplasiz
this process is intercupled at distinel points. In addition
to the cassic well established steroidogenceis pathway,
an allecnative pathway lo active androgen Mosynthesis
exists f{lermed the backdoor pathway) ™ which might
play a role in the pathaphysiplogy of vapgenital adrenal
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Wa searched the Cochrane Library, MEDLINE, and Embase hebwesn Jan 1, 2010, and
Sapt 30, 2014, Keywords and contiolled voeabularyand theirsynomnyms ware used whan
appropriate. Weused variations of the tearch term “tongenital adreral hyperplasia® in
combination with the terms “diagnosisfdisgnostics”, *genetics”, "genomics”, “adnanal

ciists”, *gloceeorktcaid®, *mirneralocorticoid”,

'gene therapy®, “quality of life®, “well-bring”,

“sereening”, “metabolomics”, “prenatal”, *artenatal’, "hone mineral density”, “tumar®,
“megnancy”, “trestment/therapu/ therapeuttc’, "fertility/fecundity”, “surgery’,
“management”, “metabolic’, and “complications®, Wa largely selected publications in the
past § years, but did not exclude commonly neferenced and highly reganded afder
puhlications. We also searched the referance lists of articles identified by this seanch
shrateqy and selected thosewe judged relevant Review articles and book chapters am
cited to provide readers with maote details 2nd more references Bhan this Seminas has

reorm for. The search was restricted ko English peblications.
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bhyperplasia (figure 2). The clinical enanifestation of
congenital adeenal hyperplasiz s cosely relajed En the
type and severity ef impairment.

210H deficiency

The gene far 210H, CYF2IAZ is lecaled within the
buman feococyle  apeigen class 1[I region  of
chromesome & [table 1). CYP2142 and a homolegous
peeudogene, C¥PIIAIP, lie about 30 kb apart Meiotic
perotnbination evenls are coemon io this gemamic
tegion because of tie high degree of sequence hamology
between  duplicated  genes.  Approximately 95%  aof
CYP2AD diseaze rausitg mulations are CYP2LALP
derived watlanis or deletions due o vecombinalion
events "

Defective 2100 -hydrosylation results In decreaged
plucocorticaid  and  mmiveralocerticold  syothesis and
elevaled precursars, most netably I7-hydroxyprogesietons
{TFOHP), whirh s wzed [pt congenital asdrenal
byperplasia disgnesis (figure 1), Adrenecorficolrapic
hatimone  [ACTH}slmidated andregen  produciion
ooctrs because o block exists in the  pathway
spnthesising adrens] andropens.

Conventionally, classic 210 deficiency 12 stilwlassiBed
Inda salt wasHrg and simple visilsing [otims, which
exflect he severlty of aldosterone deficiency. Mutations
that completely lnscivate CYP2I42 resull in the salt
waziing phetolype, which, withoul necnatal screening,
presenis i Lhe st 2 weeks of ife with a life-threatening
adrenal crisis {table 2).9 Patiepts with classic simple
virilising cotwenital adeenal hyperplasia bave muitations
that retsine 1-2% of 210H activity and minimal
aldosierone productioh prevents a peobstal ceisis™
Ewrese fetal adrenal androgen exposire resulls in
virilisstion of external penilalia of 46300 patients with
clagsic Z10H deficiency [salf wasting and sienple
virilising: figuee 34). Without neonatal screening, male

toddlers with the simnple virlbising Dot of the digosdee
ate disgrosed with signs and symproms of androgen
ecess, Fostnatal exress andeogen presence leads o
premmature growlh of pulic hair and rapid skeletal grawth
in children, Patieots with the fon-classic form retain up
1es 5094 of enzyme activity and mostly do not have adrenal
insufficiency, bul might have pastial plucecorticaid
deficiency, and lermale patients have nermal genitalia *
Falienis might present with mild androgen ewrsss or
have few or no symploms. In fact the lerm cryphic
vopgenital adrenal hyperplasia was crealed 1o define
patiends with oon-classic congendtal adrenal hyperplasiz
who are dentified by Finily genetic studies, but are
atherwise asyr piosatic =

11RO deficiency
Cotgenital  adeensl  hyperplasia  caused Ly 1IPOH
deflefency is due Lo CYPIIR] mubations {lalde ). The
etizprne encoded by CYFIIBI funciions in the adrenal
zoua fascicukaty 1o converl 11-dexycortbsol to cartisal and
desnyearlicosterane Lo corlicasterane uider the regubation
al &CTH (hgure 7). Masl CYPIIBT murlativns correepond
io minial of absenl enzvee aclivily, resalting i a assie
eangenital adeenal hyperplasia phenobrpe ®

Imipaied  11-hydeosvlation  resuBls I decreased
earticosterane and corlisal synthesis, with subseguenl
inereaze in ACTH and exeess acndrogens, capszed by
shunting of the pathway lowards androgen peaduction.
Mormally  coficosiersne  and  deswycorticostersne
praduetian by CYPET wansciiption in the adeensl rona
fazciculala  [e minimal, Dbul  decsycorticscterone
ceincertralions cak rise substantially under the infuenes
of ACTH.Y Deowyeatticostetone 5 a weak mineral
acarticnid, bt elevated concEnlratinng af
deosweorlirosteree  suppeess the renin-angiolensin
gystetn, resuling in extracellilar fluid volure expansion,
bypertetzion, low  plasma  teoin  activity, and  low
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dldosterone concemirations, although the ability to
preduce aldosterone remains.: The effects of renip—
angiotensin system suppression might not oocur in tho
neomatal poriod because of renal mineralocorticnid
rezistance that is present in the ficst fow manthe of life.
Clinically, patients with 1POH deficiency present
similarly to patiemis with 210H deficiency with signs of
androgen excess, but petients with LIPOH slso have
hypertension mther than =alt loss {table 7). A nes-

classic form of enzyme deficiency caused by C¥PIUIBI
mtatioss exists but is very race.¢

170H deficiency

The CYPIFAlgent enoodes an enryme that expresses hath
Lrm-bpdroxylase and 17, 200yase activities ftable 1), Breawse
of the lacation of the ensyme in the stercidogenic pathway,
severe mutations in the gene inspair sdrenal and gonadal

sex steroid prodoction {figure 2}, which causes sexual
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Tabfe 1: Geniptic causes snd dinicl Featores ofihe variowes forms:af congenital adranal Epenplssia

infaneilizm and puberiy Eilure [table 2).° Froduction of
deliydroepiandrosterone  ix blecked, which  prevents
adrenarche and development of pubic sod asillay kair
CYPIZAT is wepressed in the adrenal zoma fasciculat and
zora reticulagis but nat in the zona glornenslasa. Therefore,
ACTH-medisted  storoidogenesis. results im clevated
concentrations of deosycerticosterone and corticosteronc.
High concentratioms of deagyoortcostorane cause sodium
relenton, hyperenstom. and  hypokalaemnia,  wath
suppression of aldosterone production. The peesenoe of
eorticasterons, which has gluoocortionid sctivity, prevents
patients frome baving an adremal crisis, even thowugh
cortizal producton is Jow or ahsent Both 45,54 and 26 XY
patients. with I7OH defidemcy hawe fomale extornal
genitalia and usually present during puberly as gizls
withont  secondary  sesual  claracergstics,  with
hypergonadeiropic hypogenadismn,  and  Jow-remin
hypertension {table 2} [selated 17.20-lpase-deficienoy bas
heen reported® Inat is E)l'i‘l‘ETL‘l.f]j- rare and in uly isolated
forms 5 caused by mumtions in crtechrmme b3, the co-
factor needed by CYPIFAL to exort 1720 lvase activitg

Althengh pherotype vavisbility ocoers, @ pon-dassic form
with subtle elinical manifestztiong has not been defined.

ZFHAD2 deficiercy

3f-bydroxysternid dehydeogenase axists in bao tnofeoms,
type 1(3EHED T} and type 2 (3FHE D2}, which are ercaded
by HED3E] and HED38Z genes, respectively (table 1.

The HSD3EZ gene is highly expressed in the adiemals
and gomads, while H30381is cxpressed in the placenta
and peeipheral tssues.

Impaired IPHED2 functionality results im decressed
romeentrations  of  aldosterome,  cortisol,  and
andrestenedione, with o subsequent incresse in the
oomcenteations  of  cenin, ACTH, and  dehydr-
cpiandrosterone (figune 2). Dehydrocpiandrosterone can
be comveeied to testosterone by extra-adrenal IPHED.
Patiemts present in infancy w:ﬂ] 2 zalt-wasting adrenal
cxisis, underdeveloped 45 XY genitalia, and rarely 45,3
virilisatiom [table 2).=

The hormonal cetteriz far dizgnosis of 3PHSDZ
deficiency hawe changed over the past throe decades
beczise the imitial studies identifying a possible non-
classic form were not based oo genetic Andings and
subsequent genctic shidies failed to confirm the
dizgnosis. ™ Mon-classic 3EHE0Z defidency exists, ot
is ortrzmely rars.

POR deficiency

POR plays 2 key vole im electran transpost im the
cidoplasmic reticulum., and several enzymes incloding
I7CH, 210H, and armmatase depend on POR for their
catabrtic activity (figure 2). The discowery of POR
defidency, in 2004.°" provided am ecplanation for
mmltiple  hormaomal  deficlency,  mitially  known  as
apparent combined 70H and 210H  delicicncy
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Tabfe 2: inlcal presentation and kinchemica G nedings:

Insufficient placemtal aromatisation of fotal androgens
could contribute to the virilissticn seem in zome mothers
carrying babies affected by POR deficiency. However, the
production of androgens via sn altcrmative pathway to
the ene that produces the most potent androgen, nom-
arometisable Sa-dibydrotestostetone, might aleo explain
the prenatal virilization of fonsle patients affectad by
PR debicicncy, while afected individiuals have postnatal
sex sterold deficience”™ POR also ads as an slectron
donor to eptachrome P450 (CYF) enzymes other tham
stemcidogenic CYP enzymes, which explains POR
deficioncy-associated chamges in dnag metabolism™ and
the pathugmcmq of shelotal dysplasiz, which is often
SEEH [E patmmts.

Most POR mutations mizin some chzymatic function;
hoenozygons mutaticns with complete lozs of function
might eot be wiable, as =een in rodemt moodels ®
Presentation of patients with POR pyations varies from
mildly affected womicr with amensrrhea and poloystic
ovaries of men with androgen deficiency, to severe
hormoene disturbances causing atypical genitalia in both
85,204 and 46, XY patients (table 1, 2. 46,30 virflisation

does not progress, and patienis gostnatally have sex
gteroid  deficiency. Cranioernostosis, radioulnar or
radichumeral synostosis, mudface bypoplasia, and other
sheletal manifestations that rezemble the Antley-Bider
symdrome can oocar®

Generally, patiertis with POR dehciency do nat hawe
miceralocoriicoid  deficlency 35 impaimmemt  of
Podopdesiylaze  incresses production of minetal-
ocorticoid intermediates, and affected adwlts can develop
lyperension.” * Batients have variable cortizol responzes
to cosyntropin testing. with most patients requiring
cither perimanent ar stress dose glucocorticoid coverage.™

Lipoid epngesttal adrenal hypermplasia

Classic  lipnid comgenital adremal hyperplasiz  is
characterised by deficicncy of 21l stevoid hormones and is
due to SFAR mutations (table 1, figure 2). StAR regulates
the transfer of cholestern] from the outer to fomer
mitachondrial membrane, a keoy step in the initdation of
steroidogenesis. When dhalestern] mnnot be mobilised,
adrenal lipid droplets accumsulate and are seen am
autopsy, hence the mame lipoid congemii]l adrenal

weanithelancet.eom Publishee online Miag 30, 2027 hifpefide dal org /20303650140 6735] 1721431 -9



hyperplasia. The lipoid form i= onc of rarest forms of
congemnital adrenal hyperplaséa and results in neonatal
crisis and female external genitalia in both 46,XX and
45XY imbants [able IE¥ Later prosentation of Hpeld
congenital adrenal hiyperplasia wp te 1 year of mge has
been descriled. ®

The pathogenesis of lpoid congenital  adrenal
hyperpiasia is explained by a tero-hit model: the first it
arises from the loss of StAR production, which leads 1o
acourmadation of intracellular chelesterad and cholesterol
esters, and the secomd hit arises from destruction of
cellular function by acowmedlated preducts.™ ™ This two-
hit mechanism explain: some uwnuseal pheeotes.
§pontaneous puberty has beem descobed  im
45 XX patientz, czwsed by munimal ovaran StAR
expression.” The avarics are quiescent during fetal [ific
and childhood amd therefore toxic accumulation of
chalestaral can he delayed umiik adolescence.

& nop-dassic foom of lipoid congenital adrenal
lyperplesis was first described in 20067 and was
associated with mutetons that retein approdmateby
20-30% of StAR activity. bost of these cares were imidally
misdizgnosed as Addizon's disease or izolated familial
glueororticnid defigency Patients with non-classic lipeid
congenitzl sdrenal byperplasts can present eaey as
toddlees or later wp w adulthood, witk insidious onser of
glucecorticoid deficiency, hyperpigmentation, and high
ACTH concentrations fhizt mostly intact minemlocortiosid
function). Wide variation in gonadal fonction has been
reporied, ranging from hypergomadatrapic hypogonadizm
to nermal gonadal fwnction ¥ Stenilarly, 46X patients
with non-classic lipoid congenital adeewal hypemplasia
raight have normal male genitalia and nnderge normal
puberty; or be born with atypleal genitalia®

SCC deficiancy
SCC is fmvolved in the frst and rate-limiting step in the
steroidogenic patlhvway [Agure 2). cncoded by CYPIL4]
(table 1§, and is dinically and biechemically identical to
liprid comgenital adrenal hvporplasia (table 2); however,
patients typically have atrapltic sdeesals and gomads @
Less than 49 cases of SCC deficiency bave been reported.
simular to0 noo-classic lipeid congemital adrenal
hyperplasia, non-classic SCC dehciency has been
described with delayed sdrenal insufidency onset and
varizhle gonadal ecffect, cagsed by mutations that
comespond to 7—-30% of retained mayme aotiviges
simce StAR and SCC deficiency are similar clinically
and biochemically, DRA testing is the only definitive
meethed to distinguish between the bwo, with StAR
defiriency helng more commeon.

Diagnasis

Meonatal screeming for 210H deficiency i= done iz
mgsurernent of [FOHP concentration in dried blood
spots on filter paper Second-tier screcning with lEquid
chromatography-nass spoctiomelTy/INass specirometny

Fiquve 3: fidvese outcomes in magendtal adreral b
|80 Bbgperal gerckaliassath cldommegaly and prctesar Iafial fiston of 2 6. %% infard with 21. (ydexodase

defiziency (&j A ret sided. lebudated echopenic focus messring 3.7 100 1.1 om, cansisterd wath bestimlzs
axf e resf fistue

(LC-3E 345} can efhciently measure 3 panel of skeroids,
LC-85/%5 has beem used to successhily disgnose
TROH defickency but the focus of neenatal screcning
remiains detection of 210H  defidency Premature,
stressed, or ill infanis could have falsely elevated 172HT
cencentrations; the specificity of diagnosis is inyproved
with gestatinma] age stratBration.” Tests that make use
of 21-deaycortisal, which is elevated in 210H deficiency,
right increase neonatal sorerndng specificitg

If am infant bests positive for 2H0H deficiency inoa
meomatal sereen or s clinically suspected of having
womgenitil adremal hyperplasia {ie, ambipuous genitalial,
menfhirmatory testing is indicated. Although a baseline
panel of LC-MEM S steroids can be diagnostic for 210H
deficiency, its diagnosis often eequives cosyntropin
testing*** and is based on 2 characteristic nse in adrenal
kormeanes preceding the Enz}m:atlc blockage [rzble 2}
The fact that I7FOHF concentration might ke elevated in
other types of comgenital adrenal hﬂ:ﬁjplasl:g such as
11P0OH or POR deficiency. should alse be consideeed. An
glternative approach 1o serwn stercdd amalysis is urinary
steroid profiling, which captuees the entite steroid
metabolome™ Additional tests and genotyping might be
needed to confirm the diagnosis.

210H deficency screentng after infancy relies on the
measurecment of cartly moming (before 0200 k)
IFOHF conceniration. & IFOHP concentration ahewe
30 el L {1080 ngd L} is diagnostic for 210H defidency,
glthough a random comcentration of 303 nmalfL
(II000 ngldl) or greater is commonly ebserved in the
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Forel: Manzgement of congenltal adrenal hypandasia

Elucnortleaid replacemernt

»  teeded in elazsic forms of congenital adenal kyperplasia,
s riahile wse in non-dassdc forms zand 450 cxidoreductase
deficlancy

= {hildren: hydiocortisons (8-15 mg'm’® per day) dbdded Into
thires dosss whers the lowest doze (s used to allow mormal
agrewth while conteslling adrenal sterdds™

= Adolesrents amd adulte: kydracorbisone 2-3 times daily or
longe-acting'** glscaeartizoids, such as predaisons
o[§-0=7-E iy Erday; ansar b tirnes uialig-]i, predriasione
{37 mig par day; orne o owa tines Saily), oF desadizst hasone
fi0-25-05 mi pes day; onee daily)

= Marikor forees-replzoerient: weight gaim, central sbesity,
sirlas, stunied qrowth {children), decline I bane minsral
ey

= Mainitar for wndar-replacemant: wslght s, fatique,
hyperandrogenism [ FL-hydeeyiase [ 210H] and
11-hydrosylase [ 11EOH] deficiercy), hypertenslon (11E0H,
17-hypdmseylace [1F0H] defidency, snd in sdolt patients with
P4E0 ouddoredictase [FOR] deficency]

«  Inwomen, monitor for cycle reguiation and, if approprizte,
argwulation

= I rmighes, rnoritar fortestioular zdenal rest gisue (TART)
i testicular ultrasownd from adolescence amard; If
fosttive, then offar sparm court and moiity assessmsnt
and counsel regarding the possibiliby of cryopreseesation of
T |

Srress dosing

»  Mesded if patient recatving ghecosonboaid tharapy of cortisat
respanse to cosyetroplo sbmaslation <500 mmell
(18 rregfdLy

+  Dowbleos trple glucsrseticnid dose durindg inkermarrent
ilmess. |fever, gastrolntestinal Hiness), sunpery, o rauma

»  Intramuseilaror ssbotansous hydsocotlsarnie I vnable to
take oral glucocsrtiosid | ome reglomen). Chilldren
50 nagy'nii’; adults 300 mg intravensts bilus follewed by
200 rrig crver 24 b {hospital reglmen)™

classic form [table 2).% 4 170OHP concentration of less
than & nmelL (200 ngfdL) usually excludes non-classic
congenital adrenal hyperplasia if I7OHP is measuned
during the follicular phase of a reproductive-age woman,™
Cosyntropin stmolation testing is often weeded for
disgneozizs of the non-classic formi

The diagnosis of POR deficiency can be best made with
a urmary storoid profile which reveals characteristic
procursor accumulation that can be captured by steroid
ratios,* whereas serum steroid amalysiz often yields
confusing results hecanze of the overlapping effects of
combined IFOH and 210H deficienor Further criteria
for urinary and zerum metsholites have been suggzested
i) r_ﬁnagm:usc POR deficiency prematally or differcntiate
FOR deficiency from 210H deficiency. ™"

hiiimeraloonrtieoid replacemant
Meaded in satt-wasting formis of comgeaital adrenal
hyperplasiz

+  Fludroeoetise ne 50-200 |3 daily bo achisve J plasra renla
actiwiby i the muid-nommaz] ramnge

«  FlrzeB-12 rmonths.of life: sadiue chibeide -2 g
L1734 muenalfi) daily, divlded and given with feads™

= &lonibar for gwer-replacement: ypertendon, asderna, and
sUppressed plasra remln act ity

= dor i for under-replacement: salt-cranving, orthisstatis
I'*i.g.ipﬂl:‘.emsinn,and levvatad placnna remin acthay

+  Encoursge w3l intzke duzing hot westher and conditions
hiat prarmote exresslve sweating. Corsider seasnmal
adljustenennt af Audrocoetisane dose fn countres with e
st iEErLErs

Sgy sbopnid replacament
v Mesdsd iy formms of congenital adramnal hypenplasis that
pesult in sex stercld daficlency

= For pubestal fernales, ofal oestredinl (D-C mg per day
advanced 1o 1-2 g per day); o7 transdeemeal |35 pg per day
aduznoed e 7E-100 o ppear day] ower 2-3 yeans;
pmgraes'temme addsd Frillasing T years. ﬂFﬂE&.m}g‘Eﬁ
mismotherapy af when brazktbreasgh blesding occurs,
100200 g peer day, of mednoeEpropectonne aoskste
5-D20 g peer day, of porethindnens acetate 2.5-5 mg

per day, for 550 days, in wommen with intao vt

For pubertal mzles, intramuscolar bestostemone R0 g
per rmanth tteated o about 200 every 2 waeks) o
tranzde el testmsteenne (titrted te 25-000.40 peg day)™ |5
imdlcatied

Arti-fopertensive Treatment

+  Heeded if ghscooanticoid unsuccesshslin trestnent of
hypeaansian in RIHH and TR6H dehciency

¢ Splronolactone 50-200 mey perday inoneor te divided
doses or eplerenore SO-100 w1g per day

[Parvel cantinues on next pags |

Management of congenital adrenal lhyperplasia
Medical treatrnent
Glucprorticoid therapy
The masinstay of treatment in the classic forms of
congenital adrenal hyperplasia is chronie glucocomticeid
therapy [panel]. Becsuse of their growth-suppressing
effect, long-acting glucocortiooid treatment is aveided in
childremn, but is sometimies used in aduli=s"* The goal of
gluconprticoid therapy is to optimise comtrel of meoess
hormiones, replace deficient lhwormomes, and  aveid
potential Cushimgeid sideeffects. [shoratory results
should guide but not define management; clinfcal
evaluation should abamys be considered.

I general, hipher diuses of gluococorticoids are needed
to achieve adequate suppression of hormome cocess
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[Pl continued from pravlals page)

s LCaleiuen-chaneel blockers, such 25 amiodiping, 2-5-10 mag
[peardiay, ez b usad

Aarti-andrmgen treakment

= Onal contraceptives with oF withowt spironolactons to
anetrnl hirsutismy, and ameaorthes in non-dassic 210H and
110 defoianoy

Inl'ertl]ity
Inttizte glucscorticald for non-classic forms 2 10H and
131E0H deficiengy

¢« Dptimise glucacertiopid therapy with suppeesion of
felliculzr phase progestarsne (females) znd hrinkageaf
TART (males) for 210H and 12E0H deficlamoy
Clomighene citrte stiomidation with poopestanne
supplementation for hypagonadsl fomris of congenital
adrenal hiyjperplashs

= Longides in-witeo fertiliestion {femates) or bntra-cyteplasmic
s injection {males)

Peegmamncy

v [Fipatieats are-on gliagoorticold thempy, hydencortisan s
prednisane, or predniselone @n be used— dexamethasons
shold be avalded

{ie, androgens in the virlising forms of congesmital
adreral hyperplasia, classic 210H and 1IFOH, or
decuycortcosterone in FOH deficiency], than doses of
Elumcnm;.ma’[s given for replacentent purposes when all
all steroids are deficient. Low glucooarticoid doses cam
alzn be uzed in the non-classic forms of congemital
adrenal kyperplasia, if treatment is imdicted ™

For women planning to sonceive, & gucocortiondd that
does meot reach the fetus and is inactivated by placental

IIEHA02Z, such &s predmizome.  predmisolome.  or
hydrocartisone, is fypically used snd continued throughaut
prognandy.*

Patients with non-classic  congenital  adrenal

hyperplasiz are teeated according to their symptoms.
Children with non-classic 2I0H deficiency showtd e
teeated if they have progressive signs amd symptoms of
virilisation with advanced skeletal maturation. Wemen
with non-classic congenital adrenal hyperplasia with
signs of androgen cicess cam often be successfully
treated with oral comtraceptives. and if necded, im
comibimstion  with  =pironolactone.  Glucocorticoid
thierapy is uzed for fermale infertility in mon-classic 210H
deficieney. Furthermeore, a reduction in miscarriage eate
has been reported when glucocorticeids are takem
throwghout pregnancy =

Minerelororticaid seplocement

Mimeralocorticoid, in the form of HAudrocortisone, is
givem to achieve a plasma remin activity im the
healthy range in saltwastng forms of congenital

+  Inerease glucacorticoid doss by 20-g04%, particislady during
thisd trirnestae
= Ltiegs dosieg for labour and delivery

Adiditional monitonng cequiterents

»  Clinleal wvalustion fraquently in fies yearof lifs, every
4B tnaths for growing child and yearly for adults

+  Patigits on glucoooetionid replacentent should wear an
amiengenoy bracelet orcand, recslve sick day rule education,
anid eatry amemerqency ydinoertlsone kit

«  Sereenitng Tor peychological amd sesisal health lssues and
late-mrset pornpliations of genlkal sungery, i indlcated

+  Age-gpproprizbe vitarmin [ and alelum intzke and bone
minesal density screening during eardy adufthood

»  Drthopaedic management rmay bs needed for FOR
deficlenoy

adrenal byperplasia {panel).”’ Minemlocorticoid dose i
independent of body surface area. although higher doses
zre usually meeded during the Aest 6 months of life

because of neonatal physiological mineralocorticoid

resistapce.” [nfamts during the first vear of life also
roquire salt supplementation. Although paticats with
simple virilising 210H deheiency have some aldosterane
productien, relatire aldesterone inswtficienoy exists and
Audracortisone is recommended Lecause it allows for
glucocorticoid reduction, which leads 1o improved height
DU FCTE .

Glucororticotd stress dozing

Pattemts receiving gincocorticoid treatment, incladieg
those with nom-classic congenital adrenal hypesplasia,
need to be educated on adeenz] crisis prevention and the
necessity of focreasing glucocoeticotd dese  during
intercurrent  illmess  (panel).  Inteamusoular sube-

uanesus, of intavensus hydrooortisone should be

given to patients when oral intake is not possible, and
stress dose management is identics] to that recommended
i primary adrenal insufficierscr™ Patients with classic
210H defidency also have epinephrine deficiency, due ta
abnormal a&mmamccﬁuﬂaw tormuation:= this places
patients at risk for lwpoglycaemia, especially when
tastimg, or during acute illness. Adrenemedullacy
tuncton has not been studisd in the rarer forms of
congenital adrenal hyperplasia.

Patients with non-classic congenital adrenal byperplasia
can have suboptimal cortisol responsc on cosyntopin
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stintulation testiog (<18 ppfdL of cortizal]. If patients are
asymptomatic, daily glucocoricoid wse is not indicated,
Inat glucocorticoid stress coverage shonld be used during
sertous illness or major surgery.™

Sex sternids

Sex sterotd replacement iz initiated around the time of
physiological puberty in patient= with 170H defdency”
IPHEDZ?  defciency™  lipoid  congemital  adrenal
hyperplasia, SCC deficieney™ or POR deficienoy (as
needed). Replacement of androgen (in mem| and
nestrogen. (i womern), with progestin to induce opclical
bleeding if uterus i prezent), are advanced slowly to
adhslk regimens |panel).

Anti-hypertersives

In both 11H0OH amd IFOH deficeency. glucororhicoid
therapy is ofien sufficicnt to contrel ‘lwpcrtcmmw by
muEppressing decxyoorticosterane. However, bocause high
dose E]m.a.:smﬂ:cmd therapy and complete suppressios of
the lypothalamic-piruitany-adrenal asés should be avoided,
deaxycortcosterone 15 not fully suppressed and many
patients eventually become hypertensive. In such cases, a
mineralocorticoid receptor antagonizst or calcium channel
hlocker can be uzed to teeat hypertension {panel]."*

Controversial therapies
enital surgeny
Genital surgery for patients with dizorders of sex
devclopment is a complex issue that has generated much
controversy. Historically, surgeons heve recommended
surgery ou the basis of genital appearance and fertility
potential. In the past two decades, some advocacy groups
and physicians have recommended delaying surgery =o
that paticnts can participale in the decision regarding
surgical intervention. Conversely, others have cxpressed
concern about the puacity of outcome dats and
pgg.rdwsntﬁa’[ strezs  resulting froms mot doing  early
surgery™ Most importantly. the patient's family should
alwayz be edizcated on the advantages and -ﬂ:_adwanmgﬁ
of having and not having suergery. An interdisciplinary
team of specialist= is often required e navigate the
decision-making process.™

An internatonal group of ecpens, appointcd by the
Endocrine Society to develop clinical practice guzd@:-h e
tor congenital adremal hyperplasiz  due to ZROE
deficiienoy, concluded that surgery should be considered
for considerably virilised 46,5% patients.' The timing of
SUrgecy is ]:-c}rund the scope of thiz Seminar but options
include & ome-stage approach—ie,  simultaneous
neurovascularsparing  ditoroplasty, labioplasty, and
vaginoplasty—done in infancy (the standard opton in
mamy countries nchiding the USA and UKPS or
delayed until puberty, ar a two-stage approach with
lzbioplasty and clitbroplasty dome in infancy and
vaginoplasty delayed unti] puberty.™* ¥ost patients with
congenital adecnal  hyperplasia  caused vy ZIDH

deficiency prefer early surgery” Althongh  in-utero
exposurc o androgems has been shown to affect
behaviour, withh male typical  behaviour patierns
commonly seen in $6,%% patients with classic congerital
adrenal hyperplasia, gemder dysphoria is extremely rare
and the recommendod sog assigmment of 465X patients
with disorders of sex denlepment due to congemital
adrenal byperplasia is female ™

The main challenge of surgery for the $6XX vinlised
patient with congernital adremal hyperplasia iz the
imperfect famctiomal and cosmetic gutcomes, including
urirary incomtinence, vaginal stenssiz, and clitoral pain,
all afwhick can affect paychosorial and sexual wellbeing ®
blamy of the new surgical approaches have not existed for
lomg enowgh to assess outcomes. Patients zhould he
refereed to o specialist surgeon with experience manzging
dizsnders of sex developmment.

Surgical reconstruction of 46,XY atypical genitals is
complex. Chordee repair and surgary tar dists] hypo-
spadias have high success mtes” but  provimal
hypospadias repair is more challenging, with higher
eomplication and  reoperatiom  zates  than  disial
hypospadias repair. The main complications ane: wrethral
skriciure, meatat stemosiz, weethrooutsncons fistula, and
plams wings separation.”

Early ponadal seoplastic chamges were obsereed
histologically as carly as 1 vear of age in 2 46.%7 paticeat
with classic lpoid congenital adrenal hyperplasia.™
Gonadectomy i= recommendead in 45 XY patients raised
a5 female whe are severely zffected, althaugh thie risk of
gonadal malignancy is unknown.

Prenotal treatment

Faor over 30 years dexamethasons was offered to pregnant
werwen at rsk of having o child with daszsic virlizsing
cangenital adrenal hy perplasia, which atmed to suppress
fetal andrmogen production and reduce wirilisation of
females affected by congenital adremal hyperplasiz ™
Dexamethascone, unlike hydrocostisone and prednis-
olone, crosses the placental barrier to the fems without
inactivation. Prenatal therapy iz conmtroversial because
only one in eight fetuses will be female with congenital
adrenal hyperplasia when both parents are carriees.
Lomg-termey effects ab im-utera deramethasone exposurs
are unkmown, and potential effects om the  brain,
behaviour, and cognition of fetuses have heen
dezcribed."*

Testing of fetal cells present fm maternal cieculation for
congenital adeenal hyperplasia is being studied to avoid
46, XY treattnent and initiate eatly treatment in affected
46,33 patients.® Celliree fetal DA cbtained from
mnther's plasma a5 early as 5 weeks gestation has correctly
idemtifind fetal congenital adrenal hyperplasia status im
14 families ™ Multiple internatiomal groups, induding
mizdical sodeties in the USA and Europe, have stated that
prenatal therapy should only be considered in a research
settimg with full discosure of potential risks and
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henchis * Long-termn ciftcis of prenatal desamethazone
exposuce equires further study but eady non-invasive
Fetal DMA testing would potentially restrict exposure to
femmale fetuses affected by congenital adeenal hyperplasia.

EBilotera! odrenalectamy
Bilateral adremaleciomy has been wsed suocessfolly
to  treat  female  infenilir with  uscomtrolled

hyperandrogenisim tn patients with 210H deficiency™
and uncomtwolled hypertension in patients with TROH
dehciency.™ Although follow-up of patients who hawe
undecgone an adrenalectomy i5 positive overall, these
patients appear to be at increased sk of adrenal crists
and about & third develop adrenal rest tissue if their
plucocarticnid dose s too low. ™ Adrenalectomy should
oy be considered in patients im whom all availahls
icdical interventions have fafled.

Long-term complications

Glucocorticaid deficiency is characteristic of the severe
forrs of congenital adrenal hyperplasia and is potentially
life threatening. In 2 study® in Sweden, 588 patents
with cangenital adrenal hyperplasia were compared with
3 mational population-based registry, which revealed
exccss mortality in patierts with congesita] adrenal
lyperplasia due to adeemal crises, highlighting the
importance of this aspect of the dizease. Besults from a
crosssectional  questionnaive-hased  smdy™ of
172 patients with congenital adrenal hyperplasia showed
that mast adrenal crizses ocourred during fnfancy, with a
szoond peak in crises oorurring around late adolescence,
and were precipitited mainly by tespiratory and
pastrointesting] infections.

3]l children with congenital adrenal hyperplasia who
are receiving glucocorticoid therapy are at eisk of growth
impairmentand short stature. The effoct of glucoooriicoids
on growth is dose-dependent,™ thus management always
should aim to treat children with the lowest possible
effactive dose of glucocarticoids. Alterativns in sex stenotd
wypiasure can also influence heighe. Late puberty can
pocur in patients with the mre types of congenital adrenal
hypeeplasia associated with sex steroid deficiency and can
eithance adult height; conversely, exposure to excess
androgens and oestrogens in the virilising tvpes of
congenital adrenal hyperplasia can result in early pubrrb.r
and epiphiyscal fusion (figure 4. In 2 meta-analysis™ of
35 studies of patients with classic 210H deficiency, these
patients had am average final height 1-38 standard
deviations below the normal population range. Whereas
studice ™ roveal an associztion between higher doses of
hydrocortisone and shorter final patient height, carlier
rather than later dizgnosis amd treatment of classic
210H deficiency has been associated with improved
height cutcomes,” cmphasizing the importance of
hyperandrogenism prevention.

Cardiovascular discase risk factors commonly comcst
with congenital adrenal hyperplasia. 1\ 3 cross-sectional
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Fgure 4: Growwth chart of a fernale patient with dasstc 28 tpd rawylese deficenioy
The paticat oeperenoed earky pubonty and sppbosesd Frwan of hes banes doe 40 exoeee sdronal sew stecaids, snd
nbes: iy dua fo evoess ghscerarticaidiberzgy, Bath penbably corfnbuted to Beradst shart staiurs.

study'” of patients in the 1FK with classic 21084 deficiency,
rnore than half of female patients were abese and a third
had insulin resistance. lo 2 cohort of 584 paticnts in
Sweden with comgenital adrenal byperplasia, prevalence

of lrpertensiom, hyperlipidaemia, diabetes, and venous.

thromboembolizm were higher than in conteals. =
Long-torm glucoootticnid meposwure, particolacly at the
higher doses used to achieve tight contral, is one of the
main risk factors for compromised bone health, Das from
studies oover the past two decades show lower bone mass

denzity in patients with 210H defidency than in comtool

populations, with the prevalence of low bone muass densitr

jnstecporosis or osteopeata] moging Feom 3736 b B18,
" zmd smrme srodies™ ™ reponing an inceased frachure rate.
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Both male and female patients with the hypogonadal
forms of comgenital adecral hyperplasia have infertility.
However, one wornan with classic lipsid congenital
adremal hyperplasia bad a suncessful pregnamcy with
domiphene citrate stnrulation folloeed by progesterons
supplementation." Tn-vitro fertilisation and transfer af
eryopreserved emboyos has sucoessfully nesulted in a live
hirth in = patient with lipoid rcongenital adrenal
hyperplasiz and 170H deficienoy. ™" Paticnis with POR,
SiAR, and CY¥PIFAT mutations might alss have ovarian
Cpsis aned cyst borsign -

les the virilising forms of congenital adrenal hyperplasia,
excess adrenal sex steroids can lead to hypogonadotropic
hypogomadism™ '™ and  imcreased  progestercns  Can
interfers with endemetrial implantation. '~ Optivsising
plucocorticoid  moanagement  might  eesolve  hypo-
gonadotropic bypogenadism and ecridometrial implag-
tatlom imterference amd soppression of follicular phase
progesterone enhances the likelihood of ownlation and
subsequent conception. e

& main cause of male infertility in pakiontz with

classic 210H and MPOH deficiency is presence of
adrenal rest tissue. Adrenal rest tissue is thought to
arise from aberrant cells of adrenocortical origin that
migrate during fetal development along with the
gonads afier the adremal and gomadsl cells separate
from the umgcnuta] ridge ¥ sidremal rest tissue is mos
commaonly found in the tete testis (figure 3B} and has
heen described in the ovaries and broad ligament. ™
Testicular adronal rest tissue [TART) causes obstructive
szoospermia and deficient spermatogenesis.™ Low
inhibin B concentrations reflect the decline of Scrtoli
cell function and can be used to momitor it $4-94% of
mEn R gnd 31-33%6 of boys""* with classic 210H
deficiency have TART; whiclh has also been reported in
maale patients with 110OH and HED3EZ defictency,=*"
and rarely im non-clazsic  comgenital  adremal
ﬂlypfrp[uq[a,'“‘ TART zhrinkage and rowerszal of
tnfertility in patiemts @ possible with glocccortionid
thorapy:'™ however, therapy effectiveness is wvariable
hecauze nen-reverstblz fibrotic changes can occur aver
time, =

When mfertility reversal amd TART shrinkage are
unsuccessfil, other trearment methods such as jmtra-
gytoplasmic sperm injection could e comsidered
Testis-preserving surgery with TART resection has nat
restored fertility i male patients with congenital adrens]
hyperplasiz,”® hut has been successful in patients with
orchialgia where simultanconsz intrzoperative Sperm
retrieval was reported.t*

Future directlons

Alternative andragen synthaesis pathways

The quest for new and improved biomarkees of dizesse
soverity or treatment response in congenital adrenal
hyperplasia ha=s included  exploration of slternative
andragern synthesiz pathways. The so-called backdeor

pathway leads to synthesis of So-dibwdrobestosterone,
without dehydrocpiandrosterone, androstencdions, and
testosterone as intermediates, originating directly from
1POHE [Bgure X This pathway has boen nplicated in
the mormal development of male genitalia® amd the
prenatal visilisadon of female patients with congeeital
adrenz]l hyperplazia.® Accumuolation of IFOHFP, as
obeerved in ZMOH and POR deficiency, increases the
suhstrate Aow o the hackdoor pathway and resul= from
subsequent studies have showmn incressed aliernative
patlvway metabolite excrotion in paticnis with congenital
adrenz] hyperplasiz duc te POEY and 210H defoianes'®
Another androgon  syehcsis  pathway  imvolves  the
generation of 1loggenstcd CI9 steroids in the adronsd
comiex  wiz CYFIIED aceivity fAgnre B induding
Wketotestosterone and  11ksto-So-dibvydeotostosteroe,
which are androgens that hind and actbrate the androgen
recepran™ * 1l-oeygemated C1F steroids are increased im
congenitsl adrenal hyperplasia due tn 210H deficiency “ *
and exaggerated activity of both backdoor and 11-oxygenated
19 patliways persists in trested patients, even if the activity
of the classic androgen pathway activity i= dewnregulated
Insights imto these novel sterid markers will kelp to
irmprove menitoring teols and dihne eeatment targets.

Genetic advances
Genetic smdies of congenital adrenal hyperplasia have
prowided insight into the pathophy=iology and sulnle
climical aspects of the dissase. [nitially described in
1989, the TWXE geme, which encodez tenszon-X—s
glycoprotein cxpressed i connective tissue—and its
highly homologous peeudogene TRXA, Aank CTP2142
and its pscudogene CYR2IAIP, respectively. The
identihcation of chimeric genes that impair both the
CYPIIAZ amd THWXB gemes, cxplained an unwspal
abzserved phenotype of comnective dzsue dysplasia,
corsistent  with hypermobilinetype  Ehlers  Danlos
spodrome, in patients with Z210H deficiency ™' This
novel symdrome, congenital adrenal kyperplasia-X, was
provalent in B-5 %6 of 2 cohort of 246 unrelated paticnts
with 210H deficienoy

Apart fromy mutations in gemes that cause conpemital
adrenal hyperplasia, other geses can maodify stercid
action, salt halamez, or androgen sensitivity and affiect
:F‘hfﬂ.ﬂt}'Pﬂ'.H?-mi

Genotyping is essential for confirming carrier state,
and is useful for genetic counzelling or establizhing the
diagnozis of a patient who camnot undergo acomrate
hormomal  tezting dwe to  glucororticoid  therapy.
Genotyping might one day help to predict foture
outcomes and be efficacious in screening programmes. ™

Mave! therapias

Mozt adverse nutcames in patients with congenétal adrenal
hyperplasia ane attributable to harmonal imbalances or
treatment-related comuorbidities. Development of new and
imaproved therapies that target differemt aspecis of the
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patbophysiology of conpenital adronal hypeeplagiz &
angoing (Agure 5) and their eficacies for the teeatmert of
elassic 210H deficiency ame hr_‘in_g srudied.

Ome therapeutic :Lppruan:h i5 to replace cortiscl in a
physinlogical manner. Circadian cortisol replecenent
wight achiove improned ACTH conteal and thus adrenal
steroid speretion. A modifizd-eelezze oral hy&m\:mtﬂwmc
prcpa:ra'tmn suceessfully lowered amdeogen levels bo
patients and decressed the hydrocortiscine cquwnii:nt
daose by use of 2 rwice-daily regiemen in 2 phase 2 study of
16 patients with classic 2I0H deficiency™ A phase 3
study is currently nnderway { KCTOI716818). Continuous
subrutameous hydeocortisone infusion vis an inswlin
pumyp mimicking eordisal circadian  chythm, has
similarly shavm adequate ACTH suppression in patients
with lower total hydeocortisome doses companed with
convertional treatment,™ " and improved quality-of-tife
and decreazed fEtigue in cight patients with classic
IOH deficiency™ Long-standing comerbidities, such
as insulin resismee and TART, memained mostly
unchanged after & months, suggesting that early
intervention @5 key and other approaches might be
needed to treat well established comunrhidities.

Because ACFH is the primary dviver for excess steroid
accumulation, strategies for reducing ACTH are heing
investigated. A phase 1 proof-ofprinciple study™ with a
corticotropin-releasing factor type 1 tecepior antagomnist,
loweercd morning ACTH or IPOHP concentrations in
six of eight female participants with dassic ZTOH
deficiency after a2 single dose. Future multidose trials
are tezded.

Pharmarcological blockade or inhibition of sex stercid
synthesis in prepuberial children or women eooriving sex
hormene replacement therapy would allow for lower
dase glucocorticobd replacement in the wolising forms
of comgenital adremal hyperplasiz. This approach was
studied im 28 prepubertal children with dassic 2EOH
deficiency by use of an anti-androgen and aromatase
inhibiter in combination with lower dose hydrocortizone
and findrocortisone, and was succezsful in normakising
growth aver 2 years " Pharmacological imhibition of sex
steroid synthesis was also tested in adolt women with
congenital adrenal hyperplasia  Tecebving  gomadal
harmore replacement in a & day phase | dose-escalation
smdy of abirsterone, z potenmt CYPIZAL inhibitoe "
Pemmising results were rc]:inrtcd when androstescdione
concenteations noremalised in five of six women after
ahiraterane was =added to physiological deses of
glococorticnid and Audroccerizone.™ Pharmacalogical
inhibition of sex steraid symthests is alsa being studied
with an inhibitor of acylocemzyme AwchelesterolO-
acyltransferase I (NCTOZB04178) in a phase 2 study of
elarsic 210H defidency ™

adrenal enzyme inhibitors with sdrenelytic propertics
rofghe be wsefiel im the meatment of c-nngcmrral artrenal
hyperplasia. Mititane inhibits CF F1EB1 and CYPI1AL and
is adremalytic with longer term uvse. Mitotane was

wwrethefancet.com Pubdished orline May 36, 2917 Hitpe)\de doi_aorg/ 12 101 5RO $0-EF 3B EF] 11431 &

{TBH aniagoeet |—g- CEH

! ., | Bovd ghecenizai
ACTH % ¥ j«’ feralitens
=
el .-'
e '..1 A H‘”}’g r--ﬂfﬁd -
e 5' o e ik tiae al Fosmeng
o = gt

I THiiE trezfemey

Bk
o

o horowess hledad o

4
|4
)
Y -
(

Riqure 5 e and emenging treatments forthe management af congenital adneral hyperplasiz
Thizse zopraa chies fanget varicess asperts of the Fyperfalamic prbs . 2drenal axs zad sioeced prodecion,
CHHacarticotrepin. releasing Rommane. &L TH=agrenscorbostroges borsane.

successflly used to shrink TART and restoce fertility in a
29-vearald man with classic 210H defisiency. ™ Howover,
due $o the multiple twdc effects of mitstane, the
developmtent of alternative adrenolytic therapics iz needed,

Congenital adrens] hyperplasia is 2 monogenic disease,
so geme thempy with cellbased and geme-editing
technalogics might be able o nestore  defoctive
gteroidogenesis.” Adrenal transplantation with novel
technolegy that uses bovine adrenocortical cells fias been
sucoessiiel in antmal models of adrenal insufficlency™
Future technological and gonetic advances might crable
& cure o comgenital adrenal hyperplasia.

Conclusion

Congeiital adrenal hyperplasia is a group of rare diseases
that cam result in high morbidity and morslity i left
vndizgmosed and umtreated. The idemtificaton of
altermative adrenl hiomarkers has provided imsight inte
the ceigin and symthesis of sterpid preduction and has
the patential to alter discase management. Decades of
progress i umderstanding  the  genetics  and
pathoplysiclogy of the wrous forms of congenital
adrenal hyperplasia have led to & recent explesion in the
imvestigation of new and improved therapies that
Erofmise to Emprove patient oulcontes.
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