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Abstract

Objective: Data about GnRHa on adult height in girls with central precocious puberty
(CPP) have shown variable results, ranging from improvement of growth prognosis to
lack of any benefit. This study was designed to delineate the criteria to decide which
girls with idiopathic CPP (iCPP) will have a height benefit from GnRHa treatment.
Design: Retrospective

Patients: 102 girls with iCPP who had reached final height (FH) were included.
Measurements: Auxological, hormonal and radiological findings at treatment onset,
and FHs were extracted from records.

Results: Most important factor affecting height gain was chronological age (CA)
at treatment onset. All the girls treated <6.4 years of age achieved a height gain of
>1SDS, while none of the girls treated 28.3 years of age made the target. 75.6% of
patients who started GnRHa between the ages of 6.4 and 8.3 years had a height
gain of 21SDS. Most important factors affecting height gain in those treated 6.4-
8.3 years were advanced bone age (BA), basal estradiol (E,) and pubertal stage (r%
0.906; P < .001). All individuals with BA advancement of 22.6 years or E, of 232.6 pg/
ml or pubertal stage of 23 had significant height gain, and none of the cases with BA
advancement of <2 years or E, of <21.5 pg/ml or pubertal stage of <2 had a height
gain of 21SDS.

Conclusions: Treatment with GnRHa is unquestionably beneficial to improve FH in
girls with iCPP when initiated <6.4 years of age. GnRHa treatment after 8.3 years of
age may not improve FH. Girls between the ages of 6.4 and 8.3 years at presentation
can have a better height gain if BA (2.6 years over CA) and pubertal findings (pubertal

stage 23 or E, 232.6 pg/ml) are well-advanced.
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1 | INTRODUCTION

GnRH agonists (GnRHa) have long been used safely in the treatment
of central precocious puberty (CPP).! The main goal of GnRHa treat-
ment is to maintain the genetic growth potential and increase adult
height via preventing premature closure of the epiphyses. Studies
show that early treatment with GnRHa before 6 years of age enables
achievement of maximal height gain in girls with CPP.2* However,
height benefit of GnRHa treatment after 6 years of age is unclear.”®
Some authors report that GnRHa treatment after the age of 6 years
does not change the final height 7 and girls who enter puberty slightly
earlier than expected would not benefit from GnRHa treatment.>¢
However, Carel et al® analysed final height of 42 patients with onset
of puberty between the ages of 6 and 8 yr and showed a significant
increase in final height over predicted height, suggesting that girls
whose puberty started after 6 years of age benefited from GnRHa
treatment similarly to girls with earlier pubertal onset. So, data about
GnRHa on adult height in CPP have shown variable results, ranging
from improvement of growth prognosis to lack of any benefit. This
study was designed to explain this discrepancy and delineate the
criteria to decide which girls with idiopathic CPP (iCPP) will have a

height benefit from GnRHa treatment.

2 | MATERIALS AND METHODS

A hundred and two girls who were followed up until final height in
a tertiary medical centre with the diagnosis of iCPP in the last two
decades were included in the study. Among 102 girls with iCPP,
eighty-four were treated with GnRHa (leuprolide acetate at a dose
of 3.75 or 7.5 mg/28 days) until the chronological age of 11, and 18
girls did not receive any treatment for iCPP since they refused the

treatment.

2.1 | Inclusion criteria
Girls with CPP who reached final height (bone age 215 years) and
who had no organic pathology on cranial and pituitary magnetic

resonance imaging are included.

2.2 | Exclusion criteria

Girls with organic CPP and those with associated disorders that
might affect the onset of puberty and final height (eg hypothyroid-
ism, growth hormone deficiency and congenital adrenal hyperplasia)
were excluded from the study group.

The data pertaining to age at onset of symptoms; chronological
age (CA), pubertal stage, height, weight, cranial/pituitary imaging
findings, basal/stimulated gonadotropin and estradiol (E,) levels at
treatment onset; and paternal-maternal and final heights were ex-
tracted from the medical records.

Central precocious puberty was diagnosed on the basis of breast
development of at least Tanner stage 2 before 8 years of age with a
peak luteinizing hormone (LH) of =5 IU/L during GnRH test. GnRH
test was performed in all patients at diagnosis. Blood samples were
collected at minute O for follicle-stimulating hormone (FSH) and lu-
teinizing hormone (LH) measurements, and then, the patients were
intravenously administered 100 ug/m2 of GnRH (gonadorelin ace-
tate, Ferring®). Following drug administration, blood samples were
collected at 20, 40, 60 and 90 min for LH measurements.'©

Bone age (BA) was re-evaluated prospectively by a single endo-
crinologist (DV) according to the Greulich and Pyle method.!* Final
height (FH) was defined as height when bone age was 15 years and
above,? and all patients had bone ages of 15 years and above at the
time of evaluation. Predicted adult height (PAH) was calculated at
treatment onset using the average Bayley-Pinneau (BP) tables.}?13
Target height (TH) was calculated by subtracting 6.5 cm from the
mean of parental heights.’* Height standard deviation scores (HSDS)
were calculated using CDC charts for all the auxological measure-
ments.?>*® Height gain SDS was defined as the difference between
final height SDS (FHSDS) and predicted adult height SDS (PAHSDS)
at the beginning of treatment. Bone age advancement in one year,
which is illustrated as A bone age/year, is the difference between
bone ages at the end and beginning of treatment divided by the du-
ration of treatment in years.

Commercial kits (ARCHITECT System; Abbott Laboratory
Diagnostics, USA) using immunochemiluminometric assay (ICMA)
method were used to measure FSH, LH and E, levels. Detection
limits, and intra- and inter-assay coefficients of variation were, re-
spectively, 0.07 IU/L, 1.7%-3.1% and 2.4%-3.9% for LH, 0.3 IU/L,
2.8%-4.2% and 3.3%-4.6% for FSH, and 10 pg/mL, 1.8%-7.4% and
1.7%-6.4% for E,.

The study was approved by the local ethics committee (Approval
Number: 16969557-1031, Project Number: GO 19/501).

2.3 | Statistical analyses

Statistical analyses were performed using SPSS 21.0 for Windows
software package (IBM Corp., Armonk, NY). Normality was tested
using the Shapiro-Wilk test. Descriptive statistics are given as
mean * standard deviation. Factors affecting height gain in the
treated population were evaluated using multiple stepwise linear re-
gression analysis. Independent variables used in the regression anal-
ysis were as follows: chronological age (CA), bone age advancement
(BA minus CA), height SDS for CA and height SDS adjusted for BA at
onset of treatment, difference between predicted adult height SDS
and target height SDS (PAHSDS-THSDS), Tanner stage for breast
development, basal and peak LH, and basal E,. Multiple regression
analysis showed that the most important factors affecting height
gain in the treated population were the CA at onset of treatment
and PAHSDS-THSDS (standardized p-coefficients were -0.921 and
-0.684, respectively) (r?: 0.816; P < .001). The predictor variables in-
fluencing height gain were further analysed using receiver operating
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characteristic (ROC) analysis to generate cut-off points. Two goals
were defined in ROC analysis: one was FHSDS = THSDS and the
other was height gain SDS (FHSDS-PAHSDS) = 1 SDS. Since the re-
sults of these two analyses were similar, the height gain SDS 21 SDS
was accepted as the main target for defining benefit from GnRHa
treatment in the study. ROC analysis revealed that all the girls
treated <6.4 years of age (n:23) achieved a height gain of 21 SDS,
while none of the girls treated 28.3 years of age achieved that target
(Table 1). Girls were grouped according to the age points determined

by ROC analysis, that is age of onset of treatment <6.4 years (group

TABLE 1 Sensitivity and specificity for the specific ages that
differentiated the two groups (height gain = 1 SDS vs height

gain < 1 SDS) in all girls treated with GnRHa

Threshold Sensitivity Specificity AUC p value
<6.4 years 40% 100% 0.757 <0.001
<8.3 years 100% 59%

1), 6.4-8.3 years (group Il) and 28.3 years (group Ill). Girls who re-
fused to be treated were grouped as group IV. Student's t test and
ANOVA were used for comparisons between groups. A P value of
<.05 was considered statistically significant. For pairwise compari-
sons, the Bonferroni correction was used with a P value of .0125.

3 | RESULTS
One hundred and two girls were included in the study, 84 were
treated with GnRHa, while 18 refused to use GnRHa treatment.
Among all patients who received GnRHa treatment, the mean age at
onset of puberty, CA and BA at the onset of GnRH treatment were
6.4 + 1.3 years, 7.2 + 1.2 years and 9.8 + 1.1 years, respectively. The
mean duration of GnRHa treatment was 3.8 + 1.2 years.

Clinical, auxological and laboratory data of the four groups are
shown in Table 2 and Figure 1. Clinical, auxological, laboratory find-
ings and final height data were similar in groups Il and IV (Table 2).

TABLE 2 Comparison of clinical, laboratory and auxological characteristics of all the girls with CPP at onset of treatment and their final

height data

Patients treated with GnRHa

Group | < 6.4 years

Group Il 6.4-

Group Il 2 8.3 years Group IV Refused

(n=23) 8.3 years (n: 45) (n:16) treatment (n = 18) P value*
At onset of treatment
Age at onset of puberty 5.2 +0.63P¢ 6.5+0.92%¢ 7.8 +0.5>4 7.5+ 0.8%¢ <.001
(years)
CA (years) 5.8 +0.52P¢ 7.4 +0.8%%¢ 8.7 +0.3°¢ 8.5+0.8°¢ <.001
BA (years) 9.0 +0.92P¢ 9.9 + 1.0%%¢ 10.6 + 1.1°¢ 10.6 +0.9%¢ .002
BA-CA (years) 3.3+1.12b¢ 2.6 +1.0%%¢ 1.9 +0.9°¢ 2.1+0.8%¢ <.001
HSDS for CA 1.6+ 1.2%0¢ 1.2 +0.8%9¢ 0.7 £0.7°¢ 0.9 +0.9°¢ <.001
HSDS for BA 2.0+ 1.1%P¢ -0.9 £0.8° -0.8+0.8° -0.8 +0.8° <.001
Basal FSH level (IU/L) 3.7x19 4.2+22 43+19 42+21 642
Basal LH level (IU/L) 1.8+1.3 1.6+1.2 14+11 1.2+0.8 .280
Basal E, level (pg/ml) 41.2+22.6 33.5+184 29.2+13.6 26.8+12.8 .055
Peak LH at GnRH test (IU/L)  18.8+10.5 17.2+9.6 16.4+7.8 151 +5.1 856
PAHSDS 2.6 £1.1%0¢ -1.7+0.8° -1.6+0.7° -1.5+0.9° <.001
THSDS -0.7+0.9 -09+0.7 -0.8+0.6 -0.6+0.7 316
PAHSDS-THSDS 1.9 +1.13b¢ -0.9+0.8° -09+0.7° -0.9 +0.9¢ <.001
Final height data
FHSDS -0.6 +0.8"¢ -0.7 + 0.9%¢ -1.0+0.7°¢ -0.9 +1.0%¢ .025
FHSDS-THSDS 0.6 +0.6*P¢ 0.2 +0.8%%¢ -0.5 + 0.4 -0.3+0.75¢ <.001
FHSDS-PAHSDS 2.0+ 1.0*P¢ 1.0 +0.9%9¢ 0.6 +0.6>4 0.7 £0.6%¢ <.001
BA at the end of treatment 12.1 +0.5%° 12.5 +0.624 13.1 +0.6>4 <.001
(years)
A Bone age/year 0.6+0.2*° 0.7 +0.3% 0.9 + 0.4 <.001
Duration of treatment 5.2 +0.5P 3.6 +0.8*¢ 2.4+0.3% <.001

(years)

Note: Binary group comparisons with Student's t test: °group | vs group II, °group | vs group Il1, group | vs group IV, group Il vs group Il1, *group Il vs

group 1V, and fgroup 11l vs group IV, P < .0125
*Four group comparisons with ANOVA.
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FIGURE 1 Predicted adult heights,
final heights and target heights of the
patients [Colour figure can be viewed at
wileyonlinelibrary.com]

Height SDS

Group |

TABLE 3 Clinical, laboratory and auxological characteristics of
the girls in group Il (height gain > 1 SDS vs height gain < 1 SDS)

Height gain > 1
SDS (n:34)

At onset of treatment

CA (yrs) 74 +0.7
BA (yrs) 10.2+0.7
BA-CA (yrs) 27+0.6
HSDS for CA 1.3+0.8
HSDS for BA -1.0+£0.5

Pubertal stage

Breast 29+0.6
Pubic 25+1.0
Basal FSH level 43+19
(Iu/L)
Basal LH level 17+11
(1lu/L)
Basal E, level 38.2+14.3
(pg/ml)
Peak LH at 18.5+8.2
GnRH test
(lU/L)
PAH SDS -1.9+0.8
THSDS -0.9+0.7
PAH -1.0+0.8
SDS-THSDS
Final height data
FHSDS -0.6 £0.8
FHSDS-THSDS 04+04
FHSDS- 14+04
PAHSDS
BA at the 12.3+04
end of
treatment
(yrs)
A Bone age/ 0.6 +0.2
year

Height gain < 1

SDS (n:11)

7.2+0.5
9.0+0.5
1.9+0.5
09+0.5
-0.9+0.6

2505
24+09
3.9+17

1.3£1.2

191+£79

13.2+6.9

-1.4+0.6

-0.9+0.6
-0.5+0.6

-1.1+£09
-04+0.3
-0.2+0.8

129+0.6

1.0+£0.3

P value

.065
<.001
<.001
<.001

912

.018
721
.818

.012

<.001

.022

.024

926
.024

.035
<.001
<.001

<.001

<.001

Group Il Group Il Group IV
Patient Groups EPAH ®FH TH

TABLE 4 Threshold values that differentiated the two groups
(height gain = 1 SDS vs height gain < 1 SDS) among patients in
group Il

Threshold Sensitivity Specificity AUC P value

Bone age advancement

22 years 100% 76% 0.926 <.001
>2.6 years 68% 100%

Basal estradiol
221.5 pg/ml 100% 74% 0.912 <.001
232.6 pg/ml 68% 100%

Tanner breast stage
22 100% 26% 0.717 <.001
>3 32% 100%

Although group | had the most advanced bone age and the lowest
PAHSDS-THSDS at onset of treatment, it had the greatest height
gain and FHSDS-THSDS at the final evaluation. Group IIl had the
least advanced bone age at onset of treatment and lowest height
gain in the end, so they had the shortest adult height. GnRHa treat-
ment reduced BA advancement more effectively in group | com-
pared with the other treated groups (Table 2).

All the girls in group | and 75.6% (34/45) of girls in group Il had
a height gain of 21 SDS, while none of the girls in group Ill had a
height gain of 21 SDS. The patients in group Il are subdivided into
two groups according to height gain: those who achieved height gain
of 21 SDS (n: 34) and those who had a height gain of <1 SDS (n: 11).
Those who achieved height gain of 21 SDS had advanced BA and pu-
bertal stage, as well as low PAH; however, deceleration of bone age
advancement was more pronounced in this group (Table 3).

Multiple stepwise regression analysis revealed that most im-
portant factors affecting height gain among group |l patients were
advanced BA, basal E, and Tanner breast stage (standardized p-
coefficients were 1.503, 1.389 and 0.702, respectively) (r% 0.906;
P < .001). ROC analysis revealed that best predictive cut-offs that
differentiated the patients who benefited from the treatment
were BA advancement of 22 years, a basal E, of 221.5 pg/ml and a
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pubertal breast stage of 22 (Table 4). All individuals with bone age
advancement of 22.6 years had significant height gain, and none of
the cases with bone age advancement of <2 years had a height gain
of 21 SDS. Similarly, while all girls with a basal estradiol of 232.6 pg/
ml or pubertal stage of 23 had height gain of 21 SDS, none of the
cases with a basal estradiol of <21.5 pg/ml or pubertal stage of <2
had a height gain of 21 SDS (Table 4).

4 | DISCUSSION

In the current study, we determined the parameters to predict the
girls with iCPP who would have a height benefit from GnRHa treat-
ment. Final heights of all cases under 6.4 years of age exceeded their
predicted height more than 1 SDS, while none of the cases over
8.3 years had this achievement with GnRHa treatment. Seventy-
five per cent of patients who started GnRHa treatment between
the ages of 6.4 and 8.3 years had a significant height gain. Although
bone age at onset was more advanced in the younger group (group
1), GnRHa treatment effectively reduced bone age advancement and
improved the adult height in comparison with PAH. In this study, we
demonstrated that the variability in height gain was clearly associ-
ated with slowing of bone age advancement. As the age at onset of
treatment decreased, the height gain increased due to more effec-
tive slowing of the bone age advancement.

A number of studies in the literature showed that GnRHa treat-
ment has undoubtedly substantial benefit in terms of final height
and height gain when started under the age of 628 Generally, it
is believed that there is no benefit in terms of final height when
treatment is started after 6 years of age.>*’ For instance, Partsch
et al showed that mean height gain (cm) and FH minus TH (cm) were
9.5+ 2.3 and -0.7 + 1.2, respectively, in patients <6 years of age at
start of puberty, whereas these two parameters were 1.6 + 0.9 and
-6.1 £ 2.1, respectively, in patients >6 years of age. Based on these
results, they concluded that a high percentage of patients <6 years
of age do benefit from GnRHa treatment to achieve a normal final
height, whereas patients >6 years of age do not benefit as much as
the other group.® Contrarily, Mul et al concluded that both girls with
onset of puberty <6 years of age and those with onset >6 years of
age had significant height gain, and height gain was observed even
in those whom GnRHa treatment was started after the age of 8.2

In our study, the group that started treatment over the age of
8.3 years had the least height gain among three groups receiving
GnRHa treatment. The height gain of this group was similar to the
untreated group. The best way to evaluate the effect of GnRHa
treatment on final height would be the use of randomized trials with
untreated control groups. However, since it would be unethical not to
offer treatment in CPP, most of aforementioned studies reporting a
height gain compared with PAH did not include untreated groups.?®
In a limited number of studies comparing final heights of treated and
untreated groups in the literature, height gain was found to be vari-
able depending on the characteristics of the patients such as age and
rate of pubertal progression.’>'8 |n the current study, untreated

group (whose parents did not accept the treatment) formed the con-
trol group. Untreated group had similar auxological characteristics
and height outcome with the treated group >8.3 years of age. These
two groups could not reach their target heights. Similarly, Bouvattier
et al randomized girls with advanced puberty into two groups and
mentioned that the cases whose puberty started between the ages
8.4 and 10 years had no benefit in height from GnRHa treatment
compared with the untreated group.® Cassio et al randomized 46
cases whose puberty started between ages of 7.5 and 8.5 years into
two groups, one treated with GnRHa and the other followed without
treatment. They found that the final heights in both groups were
similar and consistent with the target heights and emphasized that
GnRHa treatment had no benefit in this age group.® Similarly, Savas-
Erdeve et al also compared the final heights of the patients with CPP
whose symptoms of puberty started at 7-8.5 years of age and who
received GnRHa treatment with those who did not receive treat-
ment and they concluded that final height was positively influenced
only by target height and height at the time of diagnosis and ad-
ministering GnRHa to these patients did not improve final height.?
However, in all of these studies the means of the final height SDS of
the treated and untreated patients were compared. One should con-
sider that this age group is heterogeneous hosting girls who did not
have a significant height gain and those with a significant gain, thus
comparing the means of each group could be misleading.

In our study, 75% of patients who started GnRHa treatment be-
tween the ages of 6.4-8.3 years had a significant height gain. Similar
to our study, Carel et al showed that patients with onset of puberty
between the ages of 6 and 8 years showed a significant increase
in final height over predicted height.® We have observed that, if
not all, most cases benefit from treatment in terms of height gain
in this age group. We have identified some clinical and laboratory
criteria that can be used to determine who benefits from treatment.
The most important parameter to select girls who can benefit from
the treatment was the advancement of bone age at onset of treat-
ment. If a girl has an advanced bone age more than 2.6 years or a
strikingly progressed pubertal stage (breast stage 23 and basal es-
tradiol 232.6 pg/ml), it can be predicted that she will benefit from
GnRHa treatment. If the bone age advancement over chronological
age is less than 2 years and the puberty is not well-advanced (breast
stage <2 and basal estradiol <21.5 pg/ml), there would be no ben-
efit in height from GnRHa treatment. Similarly, Mul et al studied
the role of bone age advancement at start of treatment in girls who
were treated after 8 years of age and concluded that if bone age
advancement is <2 years, mean height gain is 4.5 cm, whereas it
increases to 6.7 cm when bone age advancement is 2-3 years and
to 7.4 cm when bone age advancement is >3 years.2 They suggested
that children treated at older ages can gain height, especially when
there is prominent bone age advancement at the time of start of
treatment.? Carel et al and Partsch et al also demonstrated that the
more advanced the bone age at the start of treatment, the more
height gain from GnRHa treatment can be expected and concluded
that patients with prominent bone age advancement are candidates
for a good height gain.>®
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Among the findings that show advanced puberty, the most sensi-
tive one was basal estradiol level of 232.6 pg/ml. Although basal es-
tradiol level is not widely used in the diagnosis of CPP since estradiol
measurement yields variable results depending on the assays used, a
sensitive estradiol measurement was used in the current study, and
a basal estradiol of 232.6 pg/ml was found to be highly sensitive and
specific in determining the group that would benefit from GnRHa
treatment in terms of final height.

The Bayley-Pinneau (BP) method was used in calculating PAH in
this study. There are several studies comparing the height prediction
methods, and BP method is one of the most reliable ones.?%?! Bayley
and Pinneau took into account the differences in the growth rate of
children with accelerated and retarded bone age while forming the
prediction tables.*? According to them, the children who are accel-
erated in physical maturity tend to grow with exceptional vigour and
children who are retarded in physical maturity tend to grow in a more
suppressed manner than the average.12 However, this assumption
predicts that growth will continue with the same force for enough
time to reach PAH. In addition, the prediction was developed from
healthy children; thus, they can be inaccurate in CPP children with
advanced bone age. Especially, if bone age is advanced more than
2 years, the margin of error increases even more and treatment
efficacy may be overestimated. In addition, Bayley and Pinneau
stated that predictions may be erroneous, especially in younger ages
(<9 years).? Similarly, Kirkland et al observed that height predictions
were less accurate at chronological ages farther away from adult
heights.22 Recently, average BP tables are recommended for final
height predictions in children with CPP to overcome these systematic

errors, and we used average tables as well.1®

However, it is not pos-
sible to eliminate inaccuracies of the prediction method completely.
One of the limitations of the study was that it was conducted ret-
rospectively. Another limitation was that, as discussed above, bone
age advancements differed between the groups, so PAH assump-
tions could be misleading. One of the strengths of the study was that
all cases were followed up in a single centre until they reached their
final heights. Since the cases were followed in a single centre, there
was no difference between them in terms of treatment methods.
This study was one of the studies containing the highest number
of patients in the literature. Another strength of the study was that
the patients who received GnRHa treatment were compared with
the patient group who did not receive any treatment (control group).

5 | CONCLUSION

Treatment with GnRHa is unquestionably beneficial to improve
final height in girls with iCPP when initiated earlier than 6.4 years
of age mainly due to more prominent slowing of bone age advance-
ment. GnRHa treatment after 8.3 years of age may not improve final
height. The girls between the ages of 6.4 and 8.3 years at presenta-
tion can have a better height gain and final height if bone age (more
than 2.6 years over chronological age) and pubertal findings (breast
stage 23 or basal estradiol 232.6 pg/ml) are well-advanced.
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