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Case report

Long Term Growth Hormone Therapy in a Patient with /GFIR Deletion Accompanied by
Delayed Puberty and Central Hypothyroidism
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What is already known on this topic:

Insulin-like growth factor-1 (IGF-1) is the main driver of growth during prenatal life. Patients with IGF1R defects exhibit variable phenotypie
features. The most common symptom is pre- and postnatal growth retardation, followed by microcephaly, developmentalgelay, facial
dysmorphism and extremity anomalies. thGH has been used in patients with IGFIR defects with variable treatment respoises

What this study adds:
Long-term rhGH with an early onset may have more beneficial effects in terms of induction of growth. Regardifig the,compléx,physiological
effects of IGF1, patients should be followed for hormone deficiencies such as hypogonadism and hypothyroidism.

Abstract

Insulin-like growth factor-1 (IGF-1) is the main driver of growth during prenatal life and aets through insulin-like,erowth factor 1 receptor
(IGF1R). Patients with IGF1R defects exhibit variable phenotypic features. A 10.9-year-old Boy presented with severc short stature,
microcephaly, minor dysmorphic features and mild mental retardation. Genetic analysis for /GERR revealed heterozygous deletion of the
complete /GFIR. At the age of 12.3 years, daily subcutaneous thGH was started and contifiued for a,total of 5.7 years 1 fwo courses with
improvement of height velocity as well as final height. Puberty was delayed and eventually he could niot develop full puberty suggesting partial
hypogonadotropic hypogonadism. Hypothyroidism initially developed during rhGH therapy. However, low T4 levels sustained after cessation of
rhGH therapy thus central hypothyroidism is a likely diagnosis. rhGH has partial effect for induction of growth in cases with /GF IR defects.
However, long-term treatment with an early onset may have more beneficial effects.- Intadditionppafients with /GFIR defects should be followed
for delayed puberty-hypogonadism, and hypothyroidism.
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Introduction:

Growth factors are crucial forgitenatal growthalnsulin-like growth factor-1 (IGF-1) which has structural homology with proinsulin, is the main
driver of growth during prenatal'life and acts thtough insulin-like growth factor 1 receptor (IGF1R). IGF IR is located on the distal part on the
long arm of the chromoseme,l5 (15¢26.3) (1). In animal models, /GFIR null mice exhibited severe growth restriction (45% of normal size) and
died soon after birth due to [ungand respiratory muscle hypoplasia, ossification was delayed, epidermis was underdeveloped and there were
central nervous system anomalios (2). Since the first description of patients with /GF/R mutation who had intrauterine growth retardation, poor
postnatal growth, dévelopmental délay and microcephaly, cumulative evidence has shown that the phenotypic characteristics of patients with
IGF IR defectsiean varyover a wide range (3-5). 15q26 terminal deletions lead to contiguous gene syndrome and there is no clear genotype-
phenotypg correlation with'@significant inter- and intra-familial variability. Homozygous or compound heterozygous mutations seems to cause
more seyete phenotypéy(3,6,7). Endocrine consequences of /GF /R defects other than short stature, such as delayed puberty, premature ovarian
failure, growth hormone deficiency are reported very rarely (5,8-11). Central adrenal insufficiency and hypothyroidism have not been reported
before.

Recombinant human growth hormone (thGH) in SGA is approved by Food and Drug Administration and the European Medicine Agency. thGH
has been used in patients with /GF IR defects with variable treatment responses; it may be discontinued due to no improvement in growth
velocity, continued without catch-up growth (3,10,12-15) and with mild catch-up growth (13,14,16).

We herein report a boy with 15q terminal deletion, who presented with severe growth retardation, microcephaly, developmental delay who also
haddelayed puberty and central hypothyroidism. We also aimed to report the long-term results of growth hormone therapy.

Case report:

A 10.9-year-old boy was referred for short stature. He was born at term to healthy nonconsanguineous parents with a so-called normal birth
weight, his birth length was unknown. Maternal and paternal height were -2.8 SDS (146.7 cm) and -2.0 SDS (163.7 cm), respectively, and
midparental height was -2.3 SDS (161.7 cm). There was no feeding difficulty during infancy. He was able to say his first words and walk at the
age of 1.5 and 2.5 years, respectively. He had been evaluated at another health center for short stature at the age of 6 years and thyroid hormones,
growth factors, and celiac antibodies were normal.

He presented with a height of -5.3 SDS (108.3 cm), a weight of -4.9 SDS (18.5 kg), and a head circumference of -4.1 SDS (48 c¢m) at the age of
10.9 years old. He had proportional severe short stature with no dysmorphic features except a triangular face. He was prepubertal. Neurological
examination was unremarkable except for mild mental retardation detected in the Wechsler Intelligence Scale for Children-Revised test
(intelligence quotient 65). Bone age (determined by the Greulich and Pyle method) was 5 years. Total blood count and blood chemistry were
normal, as well as skeletal survey. In endocrine work-up, IGF-1 was 240.2 ng/mL (mean SDS), insulin-like growth factor binding protein-3



(IGFBP-3) was 4228.7 ng/mL (0.43 SDS). Growth hormone (GH) stimulation test showed a peak GH response of 10.3 ng/mL. Other pituitary
hormones including adrenocorticotropic hormone (ACTH) (19.5 pg/mL [normal range 0-46]), cortisol (8.5 pg/dL), prolactin (9.3 ng/mL [normal
range 2.5-18]), free T4 (1.19 ng/dL [normal range 0.9-1.7]), thyroid stimulating hormone (2.4 ulU/mL [normal range 0.3-4.2]) were normal. He
had primary nocturnal enuresis and renal ultrasound revealed kidney size in the lower range for age.

Karyotype analysis was 46,XY. Genetic analysis for /GF1R was performed in Leiden University Medical Centre. MLPA analysis of the coding
region (exon 1-21) revealed heterozygous deletion of the complete /GFIR. SNP microarray identified a 3.3 Mb terminal deletion on the long arm
of the chromosome 15 (15q26.3x1) which included the /GFIR and there was also a terminal duplication with a maximum size of 2.6 Mb on the
short arm of chromosome 9 (9p24.3p24.2x3). The terminal 9p duplication and the terminal 15q deletion suggest the presence of an unbalanced
reciprocal translocation between the short arm of chromosome 9 and the long arm of chromosome 15. MLPA and SNP microarray were normal
for chromosome 9 and 15 in mother and father respectively.

At the age of 12.3 years, height was -5.27 SDS (114.2 cm), weight -5.4 SDS (19.5 kg) and growth velocity 4.1 cm/year (IGF-1 383 mg/dL, 04
SDS). Daily subcutaneous thGH was started at a dose of 0.21 mg/kg/week (Figure 1) and the dose was increased to 0.30 mg/kg/week after three
months. Treatment was continued for eighteen months; his growth velocity was 7.1 cm for the first year (height was 121.3 cm, -4.67 SDS); which
then slowed down to 2.2 cm during the next six months. Treatment was withdrawn for slow growth velocity. Nine months later, rhGH treatment
was restarted at a dose of 0.30 mg/kg/week due to slow growth rate (2.9 cm in nine months). During thGH serum IGF-1 levels variedibetwecn #i
and +2 SDS.

At the age of 14.8 years, testes were 6 ml bilaterally and increased to 8 ml at the age of 15.7 years, but did not progress afterwards. At the ageof
16.5 years with an observation of delayed puberty (testes volumes 6 ml bilaterally, FSH 5.27 mIU/mL [normal range 1.3-49.2]¢ EH 0.21 mIU/mL
[normal range 1.8-8.6], testosterone 29.4 ng/dL [normal range 220-800]) intramuscular testosterone (propionate 30 mg, phenylpropionate 60 mg,
isocaproat 60 mg, decanoate 100 mg) was commenced at a dose of 50 mg/monthly.

At the age of 17.3 years while he was on thGH, thyroid function tests revealed hypothyroidism (TSH 2.13 ulU/mL, [normakrange 0.4-5.3]); free
T4 0.51 ng/dL, [normal range 0.6-1.1]). Central adrenal insufficiency was also diagnosed (ACTH 32.5 pg/mLgfeakieortisol during low dose
ACTH stimulation test was 16.8 pg/dL [N:>18.9]). Thus, both hydrocortisone and levothyroxine were started. In pituitaty magnésic resonance
imaging, the height of the pituitary gland is 4.5 mm, and a pars intermedia cyst 2 mm in diameter was preSeant on the anterior part of
neurohypophysis.

At the age of 18.8 years, his height was -3.26 SDS (152.9 cm), weight -3.44 SDS (44.6 kg, His height increasedh0.8 cal in the last 6 months,
bone age was 16 years old and rhGH treatment was withdrawn. After 5.7 years of thGH tréatinent in two courses; hi¢.had a height gain 0f 2.01
SDS. Testis volumes increased to 10 ml bilaterally (FSH 7.1 mIU/mL [normal range 0.9-11.9}, BH 1.5 mIU/mL [normal range 0.5-12.0],
testosterone 152.2 ng/dL [normal range 151-794] two weeks after the last dose of testoster®ne), andhtestosterone treatment was withdrawn as
well. In addition, HPA axis was rechecked, peak cortisol response to low dose ACTH tegt was 18.9ug/dL and hydrocortisone was discontinued
with an instruction of stress coverage. At the age of 19.5 years size of testes and testostetone concentration did not increase (testes sizes were 10
ml bilaterally, FSH 8.05 mIU/mL [normal range 0.9-11.9], LH 0.84 mIU/mL [normal range 0.6-12.1]; festosterone 156.9 ng/dL [normal range
47-981]), so testosterone was restarted. During the last follow-up when he wag@0"yearSiold, hieightivas -3.06 SDS (154.8 cm), weight 45 kg (-
3.45 SDS), he had not been using levothyroxine for 3 months. Thyroid function test still'suggested central hypothyroidism (TSH 3.8 mIU/mL,
[normal range 0.27-4.2]; free T4 0.88 ng/dL, [normal range 0.93-h7], free T3 3.26Mg/L [2-4.4]).

Discussion:

We report a boy with /GFIR deletion presenting with severe short gtatuse, microgéphalyt mental retardation and mild dysmorphic features.
Growth hormone therapy for a total of 5.7 years in two courses improved height velocity as well as final height. Also, puberty was arrested and
eventually he could not develop full puberty suggesting partial hypogonadettopiothypogonadism. Hypothyroidism developed during GH therapy
which may be associated with isolated GH deficiency durin@ GH therapy,(17)..However, low T4 levels persisted after cessation of GH therapy
thus central hypothyroidism is a likely diagnosis.

Patients with /GFIR defects exhibit variable phenotypic featutes. The most common symptom is pre- and postnatal growth retardation, followed
by microcephaly, developmental delay, facial dysuiorphism and @xtreniity anomalies. Although birth weight or height below -2 SDS were used as
the inclusion criteria in studies evaluating /GF IR defects (15), paticnts showed wide variation in these parameters; birth weight between -4.1 and
-0.8, birth length -5.8 and -1.0, and head circumferengé ~5.7@nd 0.8 SDS (3,6,12,14). Patients with terminal 15q deletions could exhibit
additional features involving other organg¥stemsisiich as cardiac, genitourinary, respiratory, ocular (7,14) disorders attributed to defects in
contiguous genes, some of which maympact growth, Ourgatient had only mild dysmorphic features and neurodevelopmental delay, without
involvement of major organ systems.

rhGH therapy has been recommefided forpatients with /GFRI defects in higher than usual doses to overcome receptor resistance (15). Growth
promoting effects of thGH is l€8s pronounced in comparison to patients with SGA, and response is quite variable among patients with /GFIR
defects (18). Although the thGH¥@8ponse in the first year is lower than in SGA patients, the constant growth velocity in the following years
could emphasize the impestance of'lohg-term treatment (18). The dose of thGH is expected to be important, however, Gopel et al (18) did not
find any association Jétween dose and freatment response. In addition, it has been a matter of debate whether genotype influences thGH
treatment response./Walenkamp'eétal (4)Tound no difference in 3-year thGH response between twelve patients with mutations and seven with
deletions who received thGH therapy at similar ages. Gopel et al (18) reported that the ratio of patients with a good response to treatment was
higher in camiersyof mutations within the intracellular part of IGFIR compared to the extracellular part. However, it should be emphasized that
number of patients wero liiitéd due to the rarity of /GFIR defects.

We reviéwed 28 patiedts with /GFIR defects who received rhGH (Table 1). Thirteen (46%) had terminal 15q deletions or ring chromosome,
fourteen (50%) heterozygous mutations, and one (4%) compound heterozygous mutation. Sixty one percent of patients with terminal 15q
deletions ot fing chrofiosome, and 35% of patients with /GF/R mutations exhibited > 0.5 SDS increase in height during the first year of rhGH.
Sixty nine pereent of patients with terminal 15q deletions or ring chromosome, and 42% of patients with mutations had a height gain of > 1 SDS
based on the last evaluation or final height. One of the two patients with the worst treatment response had a compound heterozygous mutation
and the otheryvith 15q26 deletion had hypoplastic left heart. Forty six percent of patients who did not gain > 0.5 SDS in the first year of treatment
aghieved > 1"SDS with prolonged treatment. Our patient had a height gain of 0.6 SDS at the first year of thGH treatment, and 2.01 SDS with a
57 year-long treatment.

Thepresence of IGF-1 and IGF-1R has been demonstrated in various cells including the pituitary (19). IGF-1 is a mitogenic hormone that
induces proliferation and differentiations of various cells and participates in physiological regulations. IGF-1 is the key modulator of GH actions,
on the other hand it also participates in regulation of the hypothalamo-pituitary-gonad (HPG) axis. The expression of GH and IGF1 receptors in
the elements of HPG axis and reproductive organs has been demonstrated in molecular studies. GH and IGF1 participate in various stages of
maturation of reproductive axis including intrauterine stages, mini-puberty and onset of puberty. Cryptorchidism was reported in two patients
with /GFIR deletion (7,20). Although contiguous gene syndrome cannot be excluded as an etiology of cryptorchidism, IGF1R haploinsufficiency
could still be the causative factor emphasizing intrauterine effects. In vitro animal models showed that IGF-1 both induces proliferation of
gonadotrophs and secretion of gonadotropins (21) which emphasizes the importance of growth factors for induction of puberty and its
progression. IGF-1 participates in functions of testis and ovary in terms of Sertoli and granulosa cell survival and production of gonadal steroid
hormones (22,23), and hypergonadotropic hypogonadism was also reported in patients with /GFIR defects (5,24). It is interesting that cases with
IGF IR duplication had azoospermia. These data suggest that an intact IGF-1 system is necessary for the maturation and maintenance of the



reproductive system. Our patient exhibited features of hypogonadotropic hypogonadism. Puberty started at the age of 14.8 years, and did not
progress appropriately, so sex steroid replacement was established. Patients with delayed puberty were reported previously with /GFIR defects,
but none of them required sex steroids since puberty progressed spontaneously (8,9).

One of the consequences of thGH therapy is alterations in thyroid hormones. GH induces the activity of deiodinase, thus freeT4 (fT4) level may
decrease and freeT3 (fT3) level may increase during thGH therapy. TSH concentration is not expected to increase in the face of increased fT3.
Thus rhGH therapy can either mimic or unmask central hypothyroidism (17). Our patient developed central hypothyroidism during thGH
therapy, however, this condition continued even after cessation of thGH. Since /GFIR expressed in pituitary somatotrophs participates in
negative feedback on the somatotropic axis, receptor resistance may disrupt negative feed-back leading to an increase in growth hormone.
Elevation in GH levels may induce somatostatin from the hypothalamus which is a weak inhibitor of TSH (25). Studies on salmon pituitary cells
have shown that IGF-1 can stimulate thyrotropin beta subunit transcript in a dose-dependent manner (26). In addition, GH-IGF1 axis has
important effects on the thyrocytes. In invitro animal studies, GH and IGF-1 showed synergistic effects with TSH on thyroid gland growth and
hormone production (27). Thus, /GFIR defects may be expected to impact thyroid function in multiple levels. Interestingly, no patient with/
hypothyroidism have been reported to date, thus, it is not possible to ensure that alterations in thyroid function in the current patient is a difect
consequence of IGF-1 resistance. Also, a pars intermedia cyst was detected on MRI. Pars intermedia cysts, remnant of Rathke’s pouch, rarely
causes symptoms and symptoms are related to the mass effect or pituitary hormone deficiency (28). Some reports suggested a positiveéieerrelation
between cyst size and impairment of pituitary function (29), other reports an association between symptoms and chronic inflamfation around the
cyst wall (28). However, small cysts are asymptomatic and detected incidentally or at autopsy (29), frequency of pituitary hormiéne deficieney.
increases in >10 mm cysts (30). Therefore, pituitary hormone deficiency is not expected in a 2 mm diameter pars intermedia cyst:

IGF-1 immunoreactivity was detected in the same secretory granules of the corticotroph cells, indicating a concomitant §ecretion and releasé of
both hormones (19). Despite the coexistence of both hormones, recent studies showed no effect of IGF-1 on ACTH séerétion and the eorticotroph
responsiveness to CRH (19). Instead, corticotroph cells may require IGF-I to protect them against apoptosis, especially 11 the case of stressful
situations (19). The first low dose ACTH test that was performed before levothyroxine treatment revealed an js@deguate serum,cortisol peak, and
the second one was just above the lowest reference range. We could not definitively exclude the diagnosis of central adrenal insufficiency, due to
the technical limitations of the low dose ACTH test and its lower sensitivity and specificity compared to €hie ihsulin toletance test. However, the
lack of protective effects of IGF1 could make these patients vulnerable to apoptosis of corticotroph cells.

In conclusion, thGH has partial beneficial effect on growth in cases with /GFIR defects ifdong-term, early-onsehtreatm@nt has been instituted.
Even if the treatment response to thGH is not sufficient during the first year, it is importantf@continue the treatment since 42% of the patients
have a height gain of more than 1 SDS on long-term. In addition, patients with /GFIR defects$heuld be followed for lermone deficiencies.
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Figure 1. Growth chart of the patient. The patient had two courses wth h apy. Normative data for boys is from the Centers for
Disease Control and Prevention.
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Table 1. Features of genotype, auxology and phenotype of patients who were administered rhGH.

Author
(year)

Ho et
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Ho et
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mutation

46,XX,r(1
5)
(p11q26.3
)
46,XX,r(1
5)
(p13q26.2

)
46,XY,del
(15)
(q26.3)

15q26.3
deletion,
exons 3-
21
c.3364G >
T
p.Glyl122
Cys
Compoun
d
heterozyg
ousArgl0
8Gln,
Lys115As
n, exon 2.
15q26.2-
qter

¢.3740T>
C,
p-M1247T
46,XX,del
(15)
(926.2)

c.1531C>
T,
p.Arg511
Trp, exon
7

15q26.3
microdelet
ion

c.1549A>

Gen | Birth

der weight/

(/M length/

) head
circumferen
ce

F -0.8/NA/
NA

F -1.6/NA/
-3.3

M -1.6/NA/
NA

M -1.9/-2.2/
NA

M NA

F -3.5/NA/
NA

F -3/-13/-2

F -1.9/NA/
NA

F -2.9/NA/
-3.7

F -2.5/NA/
NA

M -1.7/-23
0

v
-1.28/-
2.21/NA
-3.2/-4.0/
NA

Age at
first

evaluatio
n; Height

(SDS)

0.4;-5.6

0.5;-4.4

1.5;-3.7

3.0; -

3.84

NA

NA

4.5;-3.5

2.1; -
3.85

3.0;,-49

1.5; -
2.84

2.3;-
3.46

0.6; -6.2

Age at the = Durati
start of on
rhGH (year)
(year);
Height
(SDS)
1.8;-5.3 12.4
2.6;-3.3 12.2
5.2;-4.0 11.8
7;-3.57 10
9.1;-3.5 9.6
4.1yr,for 79
2 years yrs in
and at 8.7 | two
yr old course
restarted s
5.3; NA 6.7
28;-336 6
5.0;-4.9 5.8
;2.9 5

3.8, NA 4.6
34;-3.19 4.1
4;-3.42 4
22;-6.2 2

Height
gain at
the first
year of
rhGH
(SDS)
+1

+0.5

+0.7

+0.83

+0.2

+0.17 in
the first
course

0.1

+0.9

+0.1

+0.31

+1.02

+1.2

Age
(year) at
last
evaluatio
n; Height
(SDS)
NA; -2.1

NA; -2.5

NA;-2.6

17; -1.89

18.7; -
1.8

NA; -4.9

13.3; -
1.7

NA, the
overall
catch-up
growth
was
+1.8SDS
7.5; -
2.39

8.3; -
1.68

42; 44

Final
height

NA

-1.8
SDS

-4.8
SDS

NA

NA

NA

NA

NA

NA

Other Affecte

features d
family
membe
r

DD NA

Hip NA

dislocation,

DD

Bilateral NA

talipes, DD

DD, DF,

EA, HL

Mother
;2.1

DD No

No DD Mother
;-1.96
SDS

Hypoplastic = NA
left heart,

DD,

dysplastic

kidney

No DD. Mother

Mild DF. ;2.9
SDS

DD, DF, Mother

café-au-lait, | ;-4.42

strabismus, SDS

refraction

anomalies

of lens

Slightly Mother

retarded ;-1.6
SDS

DD, DF, No

EA, HL,

hyperlaxity

DD, DF, NA

café-au-lait

Other
hormona
1
deficienc
ies

NA

DP

Menarch
e at the
age of
12.5 yr.

NTF.
Puberty
started at
the age
of 12.8
yr.

NA

NA

NP

NP

Mother
menarch
e at the
age of 13

yr
NA

NTF




Choi et
al*
an

Ho et
al (1)

Choi et
al*
an

Ho et
al (1)

Raile
et al
az)

Wallbo
rn et
al*
a3)
Mahm
oud et
al*
a4)
GKkour
ogianni
et al*
3)

Ho et
al (1)

Fang
et al*
as)
Inagak
ietal
()]

Mohn
et al
an

Kawas
hima
et al
as)
Kawas
hima
et al
a9
Fujimo
to et al
(20)

¢.420del,
p.Alal10f
$X20, in
exon 2
46,XX,1(1
5)
(p13926.3

¢.420del,
p-Alal10f
$X20, in
exon 2
46,XY,del
15)
(q26.3)
Arg59Ter,
exon 2

c.1886T>
A, p.
V599E

15q26.2q2
6.3
deletion

c.3364G >
T
p-Glyl122
Cys
46,XX,del
15)
t(15;16)
(q26.1:q2
2.3)
19Dup in
exon 18

c.1577G>
A,
p-R481Q,
exon 7
c.1161C>
A,
p-Tyr387
X, exon 5
¢.3405C>
A

c.1382G>
T, R431L

€.3798C>

F 2.1/NA/
NA

F 2.5/NA/
2.0

M -1.96/ NA/
NA

M -1.4/NA/
NA

M 35/-58/
NA

F 226/ -
1.82/<3p

M 3/-32/
NA

M -2.0/-1.6/

-2.15

F -1.6 /NA/
NA

M -3.04/-1.5
/NA

F -3.1/-49/
NA

M -2.03 /-
3.08 /NA

F

F

6.8; -

3.56

0.5;-3.0

9.5; -

3.47

32;-48

1.1;-3.8

NA

2.5;93

6.8;-2.3

5.0;-5.4

9.6;-3.6

13.6; -5

4;-4.58

3;-3.2

8;-3.56

3.3;-3.8

10.5; -
3.42

6.2;-4.6

6.4;-2.51

7.42; -

2.27

34;-34

7.9;-2.2

12.4;-59

10; -3.65

NA

6;-3.0

5;-3.0

6;-3.1

1.0

1.6

1.5

2.6

+1.18

+0.8

+0.64

+0.6

+0.55

+0.43

+0.33

No
improve
ment in
GV
NA

NA

9;-2.38

43;-3.0

11.5; -
2.78

7.8;-3.4

8.5;-1.5

9.02; -
1.4

6;-1.5

18; -3.08

8;-2.7

8.7;-2.6
(at the
end of
the rhGh
-2.5)

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

No DD or

DD, DF

NA

DD, DF

DD, DF

DD

Atten
deficit
disorder
DD, EA,
VSD,
subglottic
stenosis

Bifid uvula,
ADHD

Mild DF.

No DD

DD

No DD

No DD

Father; NTF
-4.19

SDS

NA NA

Father; NA
-4.19
SDS

NA

No NTF
Father; NA
-1.8

SDS

NA NA
Mother | NTF,
;4.6 NAF
SDS

Mother = T2P2 at
;-5.7 presentat
SDS ion.
Father; NP
-2.94

SDS

Mother = NA
;-4.0

SDS

Mother | NA
;-1.2

SDS

No NA

S calculated from growth charts. **In the first 2 years also received GnRHa. ADHD: attention deficit hyperactivity disorder,

omaly, DD: developmental delay, DF: dysmorphic features, DP: delayed puberty, EA: extremity anomalies, GV: growth

ity, HL: hearing loss, MR: mental retardation, NAF: normal adrenal function, NP: normal puberty, NTF: normal thyroid function








