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Key words: Purpose: Turner syndrome (TS) is the most common sex chromosomal abnormality found in female subjects. It is

Adult height a result of a partial or complete loss of one of the X chromosomes. Short stature is a hallmark of TS. Attainment

E"’Wth hormone therapy of adult height (AH) within the normal range for height within the general female population represents the
aryotype

usual long-term goal of growth hormone (GH) treatment. The aim of this systematic review was to understand
the efficacy of GH therapy on AH of patients with TS.

Methods: The literature review yielded for analysis 9 articles published from 2010 to 2021. Using the data from
this literature search, the goal was to answer 5 questions: (1) What is the efficacy of GH on AH of girls with TS?;
(2) Is AH influenced by the age at initiation of GH treatment?; (3) What is the optimal dose of GH to improve
AH?; (4) Can the timing of either spontaneous or induced puberty influence AH?; and (5) Can the karyotype
influence AH in patients with TS?

Findings: GH therapy and adequate dose could enable patients with TS to achieve appropriate AH compared
with the possible final height without therapy. The greatest increase in height during GH therapy occurs in the
prepubertal years, and if therapy is continued to AH, there is no further increase. Furthermore, karyotype did not
show a predictive value on height prognosis and did not affect the outcome of GH administration or the height
gain in girls with TS.

Implications: Even if GH therapy is safe, close monitoring is indicated and recommended. Further evidence is

Short stature
Turner syndrome

needed to understand what other parameters may influence AH in patients undergoing GH therapy.

Introduction

Turner syndrome (TS) is the most common sex chromosomal abnor-
mality found in female subjects, with a prevalence of ~1 in 2000 to 1
in 2500 live female births.! It is a result of a partial or complete loss
of one of the X chromosomes and, depending on the level of mosaicism
(the proportion of affected cells to healthy ones), it can vary in sever-
ity. Short stature and primary ovarian failure (POF) are the hallmarks
of TS, although it can also manifest with cardiac and renal anomalies,
autoimmune disorders, and hearing loss.>

Short stature is the most constant finding in patients with TS. At-
tainment of adult height (AH) within the normal range for the general
female population represents the usual long-term goal of growth hor-
mone (GH) treatment in individuals with TS.2

The first short-term (1 year) placebo-controlled study of pituitary-
derived human GH in TS was initiated in 1984 but was aborted the next
year when pituitary GH was withdrawn from all human use.® Never-
theless, this trial formally showed the proof of concept that GH could
significantly increase height velocity in TS.

It was widely accepted for many years that children with TS should
be regularly treated with GH. In past years it had been shown that,
in childhood, GH treatment with doses higher than those used in GH
deficiency could improve AH in these patients.*® The last interna-
tional guidelines of 2016 recommended initiating GH treatment early
(~4-6 years of age, and preferably before 12-13 years of age) if the
child already has evidence of growth failure, using a GH dose of 45—
50 ug/kg per day increasing to 68 ug/kg per day if AH potential is
substantially compromised. Attainment of AH within the normal range
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for height within the general female population represents the usual
long-term goal of GH treatment in patients with TS. Moreover, short
stature in TS might be treated with GH alone or with oxandrolone (a
non-aromatizable androgen), with the goal of increasing AH but, due
to the undesirable effect of masculinization, this combination is not
common.?

Although GH therapy is conventionally indicated in patients with TS,
results are not always achieved. For example, the diagnosis of TS is often
at an advanced age and the initiation or duration of GH therapy may not
be sufficient to achieve an appropriate AH. In fact, it should be noted
that >20% of girls with TS are diagnosed beyond the age of 11 years with
a severe height deficit and pubertal delay. Given the broad variation in
potential outcome, substantial effort has been expended to define pre-
treatment and treatment-related variables associated with greater AH or
greater height gain from baseline to AH.

The aim of the present article was to summarize the recent literature
(from the last 12 years) concerning evaluation of AH in the setting of
TS treated with GH and to establish which factors should be taken into
consideration during GH treatment. Using data from the present litera-
ture search, our goal was to find answers to the following 5 questions:
(1) What is the efficacy of GH on AH of girls with TS?; (2) Is AH influ-
enced by the age at initiation of GH treatment?; (3) What is the optimal
dose of GH to improve AH?; (4) Can the timing of either spontaneous
or induced puberty influence AH?; and (5) Can the karyotype influence
AH in patients with TS?

Materials and Methods

The literature included in the review was identified by 6 indepen-
dent investigators (T.A., A.L.P., R.C., F.S., C.F., and G.L.) principally
using an automated literature search for English language papers pub-
lished from January 2010 to November 2022. The systematic search
was conducted according to the EQUATOR (Enhancing the Quality and
Transparency of Health Research) Network statement.” Using the MED-
LINE (PubMed), Cochrane Library, and Web of Sciences databases, the
authors identified studies about AH in the setting of TS after only GH
treatment. To generate a wide search, the research was based on the
combinations of 3 or more of the following key words: (“Turner syn-
drome”) AND (“Adult Height or Final Height”) AND (“GH therapy or
GH treatment”). In addition to the automated search, a manual search
for other relevant publications was conducted of the bibliographies of
papers identified automatically. The assessment of eligibility was guided
by a flow diagram as reported in the Figure.

Inclusion criteria were as follows: articles written in English, which
belonged to the categories of clinical study, clinical trial, clinical trial
protocol, multicenter study, randomized controlled trial, or observa-
tional study; and a study population consisting of patients with a ge-
netic diagnosis for TS, belonging to a multi-ethnic or monoethnic popu-
lation. In the selected papers, the following data were sought: TS sample
size, number of patients who achieved AH, karyotype, age at the start of
GH therapy, stature at the start of GH therapy, body mass index, bone
age, target height (TH) or delta taget height-height (delta TH-H), initial
and during treatment GH dose, duration of GH treatment, age of GH
withdrawal, body proportions (sitting height/height) at the start and
end of GH therapy, puberty (induced or not, age onset, duration, age of
spontaneous or induced menarche, stature at onset and end of growth),
AH (age of attainment, delta adult height-target height (delta AH-TH)),
adherence to GH therapy, monitoring, and safety of GH treatment. Ex-
clusion criteria were as follows: studies with a small study population
comprising <19 individuals with TS, duration of GH therapy <3 years,
receipt of oxandrolone therapy, and ethnic minorities.

The following outcomes were considered: AH of girls with TS and
its relationship to the genetic target and parameters of GH treatment
(auxologic and laboratory valuation [insulin-like growth factor 1 (IGF-

DD.
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Quality Analysis

Quality analysis for each study included was conducted by 3 inde-
pendent investigators (T.A., G.P., and D.C.) using the Critical Appraisal
Checklist for Studies Reporting the Checklist for Text and Opinion Pa-
pers developed by the Joanna Briggs Institute.®>°

Results
Publications Included

Using the search strategy described earlier (Figure), a total of 391
publications were found (MEDLINE, PubMed, Cochrane Library and
Web of Science). A manual search considering the bibliographies of the
review articles retrieved no additional papers. A total of 132 papers were
found to be duplicated and were therefore excluded. Following assess-
ment of the titles and abstracts, 230 papers were excluded because they
were not related to the subject. The analyses of the remaining 29 arti-
cles by reading the full texts resulted in the exclusion of 16 papers for
the following reasons: wrong comparator (n = 4), wrong outcome (6),
wrong study design (n=4), wrong objective (n=4), and insufficient data
(n = 1). Subsequently, 4 other studies were excluded due to small num-
bers of study populations achieving AH (<19 cases). Finally, 9 studies
were considered for the final evaluation (Table).10-18

Description of the Studies and Demographic Analysis

Nine papers published from 2010 to 2021 were included in this re-
view.!9-18 The main features of these studies are presented in the Table.
The population of TS patients with the achievement of final height af-
ter treatment with GH was 1122. The number of patients with TS who
reached AH after GH treatment analyzed in each study varied from 19
to 527.

Three of these studies evaluated international populations, and nine
of the populations were from a single country. Moreover, 3 of them
were retrospective, and 9 were prospective. Only 7 studies evaluated
the karyotype, although often without considering the relationship be-
tween karyotype and growth failure or GH response. The French study
conducted by Fiot et al'# found that karyotype may influence not only
spontaneous growth of TS but also response to GH treatment, especially
in patients with haploinsufficiency for an unknown Xp gene such as XrX
and IsoXq.

Only 1 of the 9 studies considered a very early start of GH therapy
(before the age of 6 years). The age range of onset was wide in the
remaining 8 studies; only in a few patients with TS was GH therapy
started early. Moreover, only one study'” considered body proportion
(sitting height/height) as an auxologic parameter at the end of GH ther-
apy. In addition, many of the studies (5 of 9) did not evaluate bone age
at the beginning of GH therapy, and 2 studies did not consider mean
TH, which can influence final height at the end of treatment. Consid-
ering the importance of the correlation between statural growth and
puberty, it is worth noting that the study by Bettendorf et al'® is the
only one that collected data about stature at the beginning and at the
end of pubertal development. If the possibility of a coexisting condition
of being overweight at the beginning of GH treatment is instead con-
sidered, only 6 studies evaluated patients’ body mass index; the results,
however, were in the normal range. Only one study has the limit of not
describing chronological age at the end of treatment,’ and all selected
studies indicate the duration of GH treatment.

No studies considered adherence to GH therapy, a key variable for
treatment response, and no studies evaluated the influence of eventual
comorbidities on the growth and AH during GH treatment in TS subjects
(eg, Hashimoto thyroiditis, celiac disease). Studies show that patients
undergoing GH therapy do not develop comorbidities and have regular
follow-up; thus, GH therapy is safe.
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Identification of studies via databases and registers
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Figure. Study flow diagram.

Discussion

We provide here, based on the literature search, answers to the 5
questions as presented in the Introduction.

What Is the Efficacy of GH on the AH of Girls With TS?

Average AHs of large groups of untreated women with TS from var-
ious countries are ~143 to 146 cm, making them ~20 cm below their
mid-parental (target) heights and 20 cm below the average heights of
their unaffected countrywomen.'® Thus, prevention of growth failure
and maintenance of height within the population normal range through-
out childhood and into adulthood may be considered quintessential
goals of care in girls with TS.

148

AH deficits seen in individuals with TS originate, in part, from
growth retardation in utero and throughout the first 3 years of life.
For this reason, earlier diagnosis enables earlier therapeutic interven-
tion with GH, which may help prevent growth retardation. In addition
to maximizing AH, the current goals of GH treatment include normaliz-
ing stature during the prepubertal years to mitigate early physical and
psychosocial barriers and to allow puberty to begin at a similar age to
peers.

The guidelines of the Turner Syndrome Study Group recommend that
GH should be administered at the U.S. Food and Drug Administration—
approved dose of 1.125 IU/kg per week (0.375 mg/kg per week); this
dose can be adapted according to the growth response and IGF-1 lev-
els. It is also recommended that GH treatment should be considered
as soon as growth failure is evident, possibly around 4 to 6 years
of age.?
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Table

Data on growth hormone (GH) therapy, target height (TH) and adult height (AH) from the 9 papers considered.

GH Dose’

Chronological Age at

GH Start

)

Duration of GH
Treatment

(62

A TH-AH (cm)

AH

AH

No. of Patients With
TS at AH After GH

Paper

(mg/kg/d)

(SDS*)

(cm)

0.038 at start of GH
treatment, then

0.044
0.050
0.033
0.033
0.048

9.0 (0.7 to 18.5)

11.8 (6.4) 3.21 (2.23)

-2.02 (0.9)

35

Backeljauw et al, 2021'°

8.29 (1.22)

13.2 (6.15) 6.72 (2.01)

—-1.56 (1.07)

151.3(7.3)

51

Quigley et al, 2021'"

3.01 (0 to 11.14) 8.7 (0.7 to 17.9)

6.7 (3.4 t0 9.7)

-1.94 SDS (range, 0 to 4.9 )

-2.07 (range, -5.8 to -0.3)
-2.35 (-2.99 to -2.12)

62

Pfiffle et al, 20202

7.59 (5.36 to 11.97)
8.8(5.3t011.8)

153.7 (5.54)

Cleemann Wang et al, 2020'®

Fiot et al, 2016'*

5.8 (3.6 to 8.5)

9.5 (5.5 t0 14.2)

-2.05 (-2.95 to -1.20)
Early <12 years:
-2.8(1.2)

152 (147 to 156)
Early <12 years:

152.5 (5.9)

527
313

0.042 (0.014)

Early, <12 years: 8.5

(2.2)

Early, <12 years: 7.5

(2.12)

Early, <12 years:
11.7 (5.7)

Bettendorf et al, 20135

(early, <12 years,

Late, >12 years: 13.2

1.1

Late, >12 years:

5.2(1.2)
7.4 (1.4)

Late, >12 years:
11.5 (5.3)

Late >12 years:
-3.1(1.1)

Late, >12 years:
151.1 (5.4)

2509; late, >12 years,

54)
19
25

0.052 (0.01)

0.047
0.042

7.8 (2.0)
4.4 (1.0)
8.4(2.7)

-2.35(1.17)
-2.1(1.0)

Blum et al, 2013'°

10.0 (1.7)
7.4 (2.8)

149.1 (5.9) 9.3 (5.4)

Wasniewska et al, 2013'7
Ross et al,
20118

TS

-2.29 (1.10)

1479 (7.4

27

(-2.06 (1.01 SDS)

Target Height - Adult Height.

Standard Deviation Score. TH-AH =

Turner syndrome. SDS
* For normal population.

T Media or medium.
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Some studies have shown only small gains in height, while others
claim significant improvement in height. This discrepancy is likely due
to several factors such as ethnic and genetic differences, age at which GH
is started,' dose of GH, age of sex steroid replacement, use of anabolic
steroids, sample size of the study, and use of historical or randomized
untreated control subjects, all of which may account for the variations
in AH when treated with GH.

GH treatment increases growth in girls with TS, with a final AH gain
of ~6 cm.?0 There is a negative association between age at the onset
of treatment and AH, whereas a positive association has been reported
between duration of treatment and AH, raising the question of earlier
intervention with GH in this patient population.?!

Therefore, it may be possible to realize the maximal therapeutic ben-
efits of GH in girls with TS by initiating treatment during the first few
years of life. Past studies that investigated GH treatment in TS have not
included girls aged <4 years, perhaps, in part, because of delayed diag-
nosis of TS. Fortunately, in the last decade, guidance on the diagnosis of
TS has improved, leading to a rise in the number of girls being diagnosed
with TS at an earlier age and promptly treated.

Recent studies have shown that early treatment with GH of infants
and toddlers with TS improves growth. Linglart et al®? reported that in
a group of 61 young girls with TS, >4 years of treatment with GH during
the first years of childhood, when growth retardation is greatest, leads
to large and significant increases in height, with a gain in mean H-SDS
of 1 SD. The authors hypothesized that GH treatment in the pre-school
years could prevent the progressive growth failure that typically begins
in infancy in girls with TS.

In a previous study of our research group,'” we investigated the
growth evolution under GH therapy and AH outcome of 25 girls with
TS who began GH therapy before 6 years of age and were treated for a
mean period of 10 years, before achieving AH. After an initial acceler-
ation, height velocity declined after the first 4 years of therapy. At the
end of the sixth year of therapy, H-SDS gain was 1.9. Thereafter, H-SDS
gain from baseline decreased, becoming 0.9 SDS at AH achievement. We
hypothesized that the therapeutic regimen adopted in our study was suf-
ficient to induce a significant growth acceleration during the first year,
but the response waned after 6 years of treatment.

Ross et al'® observed that treatment with GH and low-dose estrogens
in TS at an average age of 9 years increases AH. The authors’ observa-
tion of modest growth benefit with the combination of ultra-low-dose
childhood estrogen replacement and growth hormone should suggest
the clinicians reconsider the practice of delaying estrogen. They pro-
pose that a regimen combining early childhood estrogen replacement
with growth hormone in girls with TS could optimize AH but also pro-
vide the neurocognitive and behavioral benefits of early estrogen ad-
ministration. However, there is no clinical evidence to suggest starting
early childhood estrogen.

Based on data from several placebo-controlled studies, use of oxan-
drolone in recombinant human growth hormone-treated girls with TS
led to a modest increase in the final AH of girls aged up to 18 years with
TS.?% In a large single-center study,>* the effects on AH after long-term
GH treatment with dose titration according to IGF-1 levels were evalu-
ated in 63 girls with TS. The authors reported an AH gain of 3.2 cm in
TS, suggesting that this treatment resulted in a lower AH gain compared
with previous studies of weight-based GH dosing, in which improvement
of AH usually ranges between 5 and 8 cm at GH doses ranging from 42
to 50 pg/kg per day. A Dutch study further reported of gain in AH of
11 to 16 cm using much higher GH doses (45-90 ug/kg per day).® An
observational, postmarketing surveillance study®” reported that biosim-
ilar GH is well tolerated and effective in patients with TS managed in
real-life clinical practice.

In accordance with literature data, we can infer that optimization
of GH dose may contribute to a higher AH in patients with TS. The
combination of GH treatment and early estradiol supplementation can
be further improved to help individuals with TS attain an AH closer to
the population mean.
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Is AH Influenced by the Age at Initiation of GH Treatment?

Growth failure is the main clinical auxologic characteristic in TS and
results primarily from haploinsufficiency of the short stature homeobox—
containing gene (SHOX gene) located on the short arm of the X (and Y)
chromosome.?%-28 Patients with mutations or deletion within the coding
or enhancer regions of the SHOX gene have variable degrees of growth
impairment.?’

Growth delay in TS is progressive from infancy to adulthood, and
it occurs because of growth retardation before birth, throughout child-
hood, and during adolescence.® The average length of full-term TS in-
fants is ~0.7 standard deviation (SDS) below the mean for the healthy
neonatal population. Moreover, length progressively decelerates, and
stature falls below —2.0 SDS by 4 years of age,! and in adulthood is
below -3.0 SDS.32:%3 In untreated adult women with TS, height varies
from 143 cm to 146 cm according to the different ethnic group but is
~20 cm below the average height of healthy women and their TH.34-35

GH treatment has shown a beneficial effect, improving the final
height in short girls with TS.#:3%:37 GH treatment determines a final
height gain of ~6 cm,® but the response to GH is variable, and many
factors have been identified as influencing treatment response. The most
important factors associated with a good response and a better height
gain are age at onset of treatment (negative correlation) and the dura-
tion of treatment (positive correlation).?!-39

The current goal of GH treatment is to maximize AH but also to nor-
malize height during prepubertal years and mitigate early physical and
psychosocial barriers and to allow puberty to begin at a physiological
age.?0-4! The actual therapeutic guidelines recommend early initiation
of GH treatment to prevent the progressive deceleration that typically
occurs in the first years of life in girls with TS.3!-20 Because most of the
height deficit in girls with TS occurs within the first 3 to 4 years of life,
and height SDS continues to decline with age, it is strongly suggested to
start treatment as soon as possible.4> The early initiation of GH in girls
with TS prevents ongoing growth failure and leads to normalization of
height during childhood and favorable height at pubertal age; this ap-
proach thus allows timely estrogen replacement when needed, avoiding
the discomfort of hypogonadal aspects of TS in adolescence.

However, the question remained whether the early gains would be
maintained throughout the growth period to AH. Linglart et al*>?> showed
that GH treatment initiated before 4 years of age significantly increased
growth in girls with TS compared with the historical control group; 80%
of this study population were able to attain a normal height by a mean
age of 6.6 years. After 4 years of GH treatment, girls were 1.09 SDS
higher than untreated girls. Other studies in which treatment was started
at an older age (8-12 years) have shown a gain in height ranging from
0.8 to 2.1 SDS. 4344

In the KIGS (Kabi International Growth Study) database, patients
who reached final height were analyzed to evaluate the efficacy of late
start of GH treatment in adolescence and to assess the utility of a pre-
dicted model in selecting GH-responsive patients at early and late treat-
ment start.'’>45 In fact, we emphasize that >20% of girls with TS are
diagnosed beyond the age of 11 years with a severe height deficit and
pubertal delay.*-47 These patients have suffered with short stature dur-
ing school-age and have missed the opportunity to receive a GH treat-
ment to normalize height and prevent psychological discomfort com-
pared with their peers. Although timely initiation of GH treatment, not
all patients with a late diagnosis of TS will be able to reach the expected
AH. However, a different study*® emphasized that late initiation of GH
therapy determines significant height improvement.

A very recent study*® enrolled patients with TS divided into 4 dif-
ferent groups depending on the age of start of therapy and of the GH
dose: GHggyqung (started treatment with GH 33 ug/kg per day at age 3—
9 years); GHgs,q (started treatment with GH 33 ug/kg per day at age
>9 years); GHgyyoung (started treatment with GH 67 ug/kg per day at
age 3-9 years); and GHgy,)q (started treatment with GH 67 pg/kg per
day at age >9 years). Belonging to the high-dose group was associated
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with a greater AH, regardless of age at start of therapy. In addition,
being young at the start of GH was associated with a greater growth
response. Together, these data suggest that the growth deficit associ-
ated with a late GH start can, at least partly, be compensated for by a
higher GH dose during the remaining or extended prepubertal growth
period.

We thus assert that GH treatment is a great therapeutic opportunity
to ameliorate auxologic destiny in patients with TS. It should also be
initiated in patients with delayed diagnosis but, whenever possible, GH
treatment should be offered within the first 6 years of life.!”>48-4 In
addition, it is important to emphasize that early start of GH treatment
should be uninterrupted during childhood because treatment discontin-
uation could contribute to catch-down growth and reduce the efficacy
of early treatment.

What Is the Optimal Dose of GH to Improve AH?

The growth response to GH in patients with TS depends on many
variables, including TH, age at start of GH treatment, duration of GH
treatment, GH dosage, modality of adjusting the dose for body size, age
at initiation, and dose of estrogen.

The ideal dose of GH to improve the auxologic outcome of patients
with TS remains a topic of debate. The current recommended GH dose
for girls with TS is 45 to 50 pg/kg per day, which can be increased to
68 ng/kg per day in cases of significantly impaired AH prediction.? In
some of the studies selected for this systematic review, it was possible
to extrapolate information regarding the dose of GH administered in
patients with TS, although the primary objective of these studies was
not to assess what the optimal dose of GH was to improve final stature.

Schrier et al>” retrospectively evaluated efficacy, in terms of AH, and
cost-effectiveness of GH therapy by comparing the GH dosage calculated
in square meters of body surface area (BSA) (ranging from 1.33-2.67
mg/m? per day, corresponding to ~0.0475-0.095 mg/kg per day) with
the dose per kilogram of body weight (ranging from 0.033-0.067 mg/kg
per day) in girls with TS by examining several studies. These authors
showed that AH gain was greater on a BSA-based regimen than on a body
weight-based regimen in patients who start GH treatment before 8 years
of age and that the cumulative dose and cost are lower with a BSA-based
regimen. Given these findings, they concluded that BSA-based dosing,
characterized by a relatively high dose in young patients and relatively
low in adolescents, was more cost-effective than that based on body
weight.

In the study by Wasniewska et al,'” published before the 2016 guide-
lines, it was documented that the fixed GH dose of 33 pg/kg per week,
initiated before 6 years of age, resulted in significant growth acceler-
ation during the first year of treatment in patients with TS. However,
in subsequent years, particularly after the fourth year of therapy, there
was evidence of a decreased response to therapy with an average height
gain of 0.9 (0.9) SDS at AH achievement and a final stature below TH.

Wang et al** showed that titration of GH dose (average GH dose of
33 pg/kg per day) to maintain IGF-1 levels within the normal range (less
than or equal to +2 SDS) leads to lower doses of GH than recommended
by guidelines and results in lower height gain and AH than cases evalu-
ated in other studies in which a fixed dose of GH was used.

Backeljauw et al,?® in an observational study with data from the PA-
TRO Children Study, which included treatment-naive and pretreated pa-
tients, documented that the dose of GH treatment used in these patients
was lower than the recommended dose. This was true both at the start of
treatment (from 10 to 67 pg/kg per day [mean, 38.5 ug/kg per day] in
treatment-naive patients; from 10 to 67 pg/kg per day [mean 43.2 pg/kg
per day] in pretreated patients) and during the 1 to 1.5 years of treat-
ment follow-up (mean dose, 44.1 ug/kg per day). Among patients (both
treatment-naive and pretreated) who achieved AH (51%), this was on
average —2 SDS with an improvement of ~1 SDS over the height docu-
mented at the start of GH therapy. The mean difference between AH and
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TH was about -1.8 SDS and -2 SDS in pretreated and treatment-naive
patients, likely due to late initiation of therapy.

In conclusion, GH dose is only one of the factors affecting the growth
and AH in patients with TS and probably not the most affected. The
GH dose to be used in patients with TS should be that recommended
by the International Turner Syndrome Consensus Group guidelines.?
Some of the studies reviewed suggest the possibility of considering BSA-
based rather than body weight-based GH dose or that a fixed GH dose,
lower than that currently recommended, would lead to the achieve-
ment of a comparable final stature. However, these are single stud-
ies in which the evidence is not strong enough to replace the current
recommendations.

Can the Timing of Either Spontaneous or Induced Puberty Influence AH?

TS is usually characterized by hypergonadotropic hypogonadism and
primary or secondary amenorrhea. Because of ovarian dysgenesis, only
~20% of girls with TS will spontaneously develop puberty and menstru-
ation, which occurs most frequently in patients with mosaic karyotypes
(~54% vs 6% in case of monosomy 45X,0).>!~>3 Induction of puberty
with hormonal replacement therapy is therefore required in most girls
with TS to enable the onset of the physiological pubertal process. This
maintains secondary sex characteristics, ensuring growth spurt in ado-
lescence, attaining peak bone mass, and normalizing uterine growth in
case of future pregnancies.? %%

However, estrogens have been shown to be involved in the epiphy-
seal fusion and may represent a limiting factor for longitudinal bone
growth, resulting in a decreased height gain with reduced AH.5>-°° This
has raised questions about the timing and means of sex steroid treat-
ment in adolescents with TS, with some authors advocating late puberty
induction as a strategy for optimizing growth.>’->° However, low-dose
estrogen regimens do not seem to interfere with growth response to GH
therapy when started between 11 and 12 years of age, increasing to
adult dosing over 2 to 3 years, as recommended by current therapeutic
guidelines.?18,60-62

In contrast, postponing the introduction of estrogens too long can
have adverse psychological consequences and may result in decreased
bone mineralization.%-63:6 Therefore, the decision to start hormonal
replacement therapy should be balanced by the potential benefit in
terms of height outcome and the psychological issues related to femi-
nization. A longer period of GH treatment before induction of puberty
is considered among the predictive factors of taller final height, as re-
ported by several authors.®-43,44,48,65-68 Thys, relatively early initiation
of GH is recommended to ensure a longer period of estrogen-free GH
treatment that could bring the patients’ height into the normal range
at the time of pubertal induction, and consequently allow initiation of
estrogen therapy at an age-appropriate time.

Accordingly, 2 studies clearly showed that timing of puberty onset
(the later, the better) may play a crucial role in determining near-AH
or AH.?!-39 Conversely, Massa et al®® observed no relationship between
the age at onset of puberty and final height in a population of 186 pa-
tients with TS. More recently, Lanes et al’® analyzed the KIGS data set to
evaluate whether spontaneous versus induced puberty can influence AH
in 772 girls with TS. Although girls in the spontaneous puberty group
tended to grow slightly more during puberty than those with induced
puberty, it was not enough to produce a significant difference in height
SDs at near-AH. Puberty began ~1 year earlier in girls with spontaneous
puberty, resulting in a shorter length of time taking GH therapy, com-
pared with girls with induced puberty. However, the duration of puberty
(from the onset until near-AH ) was similar in both groups (3.5 years).
Importantly, the authors found that Height-Standard Deviation Score
(H-SDS) before and after puberty did not change significantly. Similarly,
many authors reported no significant influence in terms of AH between
either spontaneous or induced puberty.!”-39.69 These findings support
the evidence that the major height gain during GH therapy for TS occurs

151

Clinical Therapeutics 46 (2024) 146-153

in the prepubertal years, and the effect is maintained but generally not
further improved by continuing therapy until near-AH.'>7°

In contrast with these data, Quigley et al'! reported a better AH out-
come in girls with TS who had entered spontaneous puberty, and this
result was confirmed both in the subgroup of GH early treated patients
and early untreated patients. Notably, the early treated/spontaneous pu-
berty subgroup attained the best height outcomes overall.

Can the Karyotype Influence AH in Patients With TS?

The effect of karyotype on growth in patients with TS is still a matter
of debate.'*

Some authors highlighted a more severe growth failure in patients
with monosomy of the short arm of the X chromosome rather than in
case of mosaicism.”’7% In addition, 45,X karyotype is reportedly more
frequent in girls with TS who require induction of puberty than in those
with spontaneous puberty.”® Therefore, the presence of the second X
chromosome seems to influence the appearance of spontaneous puberty.
This may suggest that the girls with spontaneous puberty are likely to
have a milder phenotype and intrinsically better growth potential. How-
ever, this is not a constant finding.'%-3°

AH after GH treatment has been evaluated as a function of kary-
otype in the study performed by Ranke et al?! on 987 children with
TS in the KIGS database. They found that the height outcomes in the
study cohort were not affected by the individual karyotypes. Most of
the authors confirmed that karyotype did not show a predictive value
on height prognosis and did not affect the outcome of GH administra-
tion or the height gain in girls with TS.5-1%:20,22,77 These reports may
suggest that the growth disorder in TS is not strictly associated with the
karyotype but instead could be related to the genetic predisposition that
patients with TS have in common.?!>78

Conclusions

In analyzing the literature data, even if they show great variability,
we can draw several conclusions. First, prolonged GH therapy may en-
able patients with TS to achieve an AH close to the normal range for
height within the general female population and higher than pretreat-
ment height SDS prevision. Second, given the large variation in potential
outcome, GH pretreatment- and treatment-related variables associated
with higher AH were defined. These variables are: early initiation of
treatment, normal height and prepuberal stage at the start of therapy,
adequate GH dose, and absence of concomitant diseases. Third, ade-
quate GH dose, according to the most recent international guidelines,
is only one of the factors affecting the growth and AH in patients with
TS and probably not the most impactful. Fourth, major height gain dur-
ing GH therapy for TS occurs in the prepubertal years, and the effect is
maintained but generally not further improved by continuing therapy
until near AH. Finally, karyotype did not show a predictive value on
height prognosis and did not affect the outcome of GH administration
or the height gain in girls with TS.

Considering recent data from the scientific literature, the authors
suggest the following recommendations: (1) start GH therapy as soon as
possible (early); (2) use adequate GH doses, according to the last inter-
national guidelines, and evaluate possible dose increases in case of late
start of therapy or if AH prediction is significantly impaired; (3) perform
therapy until reaching AH and check the effectiveness of therapy with
periodic auxologic evaluations, IGF-1 measures, and research of possible
adverse effects; and (4) do not delay puberty induction.
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