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Gonadotropin-Releasing Hormone - GnRH (Gonadotropin-Releasing
INTRODUCTION Hormone) analogs, a medication classically used in the treatment of
precocious puberty, to be used in combination with Growth Hormone
(GH). Therapy with GnRH analogs has shown efficacy in delaying
epiphyseal fusion; however, its use is questionable since it makes
young people hypogonadal in a critical moment of adolescence and
the final height gain effect is controversial.* The question that
followed was whether there was a way to interfere with epiphyseal
fusion, with an effect of height gain and without such an essential
impairment of hormonal function. Estrogen inhibition could be the
answer to the question above. Since the 1990s, the critical role of
estrogens in the maturation and closure of growth cartilage has been
recognized®, clinically evidenced by the observation of prolonged
growth leading to an increase in final height in patients with a
mutation in the gene that encodes the P450 aromatase enzyme,
located on chromosome 15, responsible for the conversion of
androgens to estrogens.® Aromatase inhibitors (Als), drugs that
interfere with the conversion of androgens to estrogens, have been
used for more than three decades in patients with breast cancer since
the marked suppression of plasma concentrations of estrogens
improves the evolution of these tumors.” These drugs have become an
option for the treatment of SS in boys with the advent of third-
generation compounds: Anastrozole (ANZ) and Letrozole (LTZ),

Children and adolescent's normal growth is a frequent concern among
parents and caregivers, with short stature (SS) being one of the main
reasons for looking for pediatricians and endocrinologists. The
pathophysiology of SS may involve environmental, nutritional,
hormonal and genetic factors that may act in isolation or in
association between them. For didactic and therapeutic purposes, the
SS study was divided into variants of normality (FSS - familial short
stature and CDGP - constitutional delay in growth and puberty),
idiopathic short stature (ISS), and various pathological causes, which
include endocrinopathies, intrauterine growth retardation (IUGR),
genetic and chromosomal syndromes, chronic diseases, malnutrition,
pre-and post-natal disorders in addition to psychosocial origin.' The
most crucial parameter in deciding whether to institute or not some
treatment for SS is the prediction of final height (PFH). The Bayley-
Pinneau (BP) and the TW-3 methods are known.” The expectation of
low PEF commonly generates anguish for parents and frustration for
adolescents, harming their quality of life. Thus, studies have emerged
over the years that seek therapeutic options to increase the
individual's final height.> The understanding that the final height of an
individual depends on bone maturation created precedents for
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which provide an aromatization block of almost 97% and 99%,
respectively, prolonging the linear growth time by delaying the
closure of bony epiphyses.® Clinical trials and retrospective cohorts
over the last 20 years have indicated an effect on the delay of
epiphyseal fusion and extension of longitudinal growth. In addition,
such drugs help treat adolescents with ISS, advanced bone age, and
reduced PFH, especially those who use Als concomitantly with GH,
indicating that their potential use leads to greater final height. In this
way, Als could be beneficial alone or in association with GH use;
however, studies showing the effects on final height are still scarce.’
The objective of this research is to evaluate the impact of the use of
anastrozole (ANZ) in monotherapy or associated with growth
hormone (GH) in the prediction of final height (PFH) and near-final
height (NFH) of male adolescents with PFH below the familiar target
height (TH).

METHODS

This longitudinal and retrospective study is based on secondary data
obtained from patients' medical records from a pediatric
endocrinology service in Goidnia - Goias. Data were collected
between July and September 2020 from medical records of patients
consulted between January 2015 and September 2020.

Inclusion criteria were: male gender, Bone Age (BA) greater than or
equal to 13 years, PFH below TH, and regular use of oral ANZ at a
dose of 1 mg/day for at least 12 full months. The indication for the
use of ANZ was the disproportionate acceleration of BA, leading to a
reduction in PFH after puberty. Patients who used GH used it at a
dose of 0.11U/kg/day in the case of GH deficiency or 0.15IU/kg/day
if the diagnosis was IUGR or ISS. The adolescents were clinically
followed up by the same professional pediatric endocrinologist every
3 months when the GH dose was updated if necessary. The patient's
height was measured using a fixed Tonelli E150-A stadiometer.
Serum levels of blood glucose, total cholesterol, fractions,
triglycerides, and testosterone were requested for all patients before
and after starting ANZ. The method used to determine BA was the
Greulich-Pyle method, and to calculate the PFH, we used the method
based on Bayley Pinneau (BP). PFH was calculated based on the
patient's height, divided by the growth fraction determined according
to the BA obtained in this method.

Statistical analyzes were performed using SPSS (Statistical Package
for Social Science) version 26.0. Data parametricity was verified
using the Shapiro-Wilk test. The demographic profile, weight, height,
and treatment time were characterized according to GH through
mean, standard deviation, absolute frequency, and relative frequency.
The data distribution among children who had or did not have GH
was verified by applying Student's t-test and Pearson/Posthoc chi-
square test. The comparison of TH, PFH, BA, and biochemical
parameters at different times were tested using the Friedman test
followed by the Wilcoxon test with Bonferroni adjustment. A
significance level of 5% (p < 0.05) was adopted in all analyses. The
data used in this study were extracted from medical records, and their
presentation was made numerically. Therefore, they did not allow the
identification of patients or their families or the health service. The
project of this work is registered in Brazil's Platform of the Federal
University of Goias (UFG), with the number CAAE
30175920.8.0000.5083.

RESULTS

After analyzing 81 medical records, 6 were excluded due to irregular
medication use. Thus, the sample of this study consists of 75 male
patients, aged between 11 and 18 years, who started treatment with
ANZ with baseline BA between 13 years and 14 years and six
months. Of these, 29 (38.7%) used it regularly for 1 year, 30 (40.0%)
used it for 2 years, and the minor portion, 16 (21.3%) maintained
regular use for 3 years of treatment. As for the concomitant use of
GH, 57 (76.0%) used GH + ANZ, and 18 (24.0%) used ANZ as an
isolated therapy. Data grouped in Table 1. The group of patients who
underwent isolated treatment with ANZ was very heterogeneous, with
diagnoses of ISS (8), FSS (7), Congenital Adrenal Hyperplasia (1),
Precocious Puberty (1), and IUGR (1). On the other hand, most GH
patients were diagnosed with GHD (47), and 9 had IUGR and 1 ISS.
The dose was 0.11U/kg/day for GHD and 0.15IU/kg/day for IUGR
and ISS. Differences between TH, PFH at different treatment times,
and NFH showed a statistically significant difference (p < 0.001),
regardless of whether or not the use of concomitant GH. Data are
shown in Table 2. Mean height predictions at baseline were: 170.05
cm, 167.19 cm, and 167.87 cm, relative to the ANZ-only, ANZ +
GH-treated, and general study population group.

Table 1. Characterization of patients at the beginning of treatment

Groups Total

ANZ GH+ANZ N=75 P

N=138 N =57
Age (months) 151.50 £ 19.17 159.18 £13.35 15733 £15.17 0.06*
Weight (kg) 42.94 + 6.69 41.35+6.20 41.73+£6.31 0.35*
Height (cm) 151.19 £5.61 14737+ 13.94 148.29+ 12.53 0.26*
Time of treatment
1 year 12 (66.7) T 17 (29.8) 29 (38.7) 0.027%*
2 years 3(16.7) 27 (47.4) 1 30 (40.0)
3 years 3 (16.7) 13 (22.8) 16 (21.3)

*Test ¢ of Student (Medium standard deviation); **Qui-square of Pearson; tPosthoc; n = absolute frequency; % = relative frequency

Table 2. Comparison in cm, between TH, PEF at different treatment times and NFH

Group TH PFH PFH PFH PFH NFH p*
Basal 1 year 2 years 3 years

ANZ 172.33+4.92 170.05+ 5.48 175.78+ 5.42 177.65+4.35 177.20+ 3.05 172.72+3.42 <0.001
A PFH basal -2.28 () 5.73 7.6 7.15 2.67

GH+ANZ 171.25+4.68 167.19+4.45 174.01+5.15 177.46+4.76 174.63+7.34 173.45+4.08 <0.001
A PFH basal -4.06 (o) 6.82 10.27 7.44 6.26

Total 171.51 £4.73 167.87+4.83 174.44+5.23 177.48+ 4.66 175.11+ 6.74 173.32+3.91 <0.001
A PFH basal -3.64 [} 6.57 9.61 7.24 5.45

*Friedman Test

Legend: A Baseline PFH — difference from baseline PFH; TH — target height; PFH — Predicted Final Height; NFH — near final Height

For the calculation of PFH, the variation of up to 1 year of BA
concerning chronological age was considered normal.Adolescents
with a BA > 16 years and a growth velocity < 2 cm/year were
considered to have reached NFH.

The respective groups had estimates below the TH by 2.28 cm, 4.06
cm, and 3.65 cm. Over the years of treatment, in those who used ANZ
alone, there was a mean increase of 5.73 cm, 7.60 ¢cm, and 7.15 ¢cm in
height predicted after 1, 2, and 3 years of ANZ, respectively.
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Table 3. Comparison of TH, baseline PFH and height (in ¢cm) in patients who reached NFH (N =27)

TH Basal PFH NFH p*
ANZ 173.10 +2.66 171.90 +2.50 172.72 £3.42
N=5) 0.80
A Basal PFH -1.2 () 0.82
ANZ+GH 171.87 +4.14 167.90 +3.21 173.45 £4.08
(N=22) 0.01
A Basal PFH -3.97 O] 5.55
Total 172.10 +3.89 168.64 +3.44 17332 +3.91
N=27) <0.00
A Basal PFH - 3.46 [ 4.68 1

*Friedman Test

Legend: A Baseline PFH: difference from baseline PFH; TH:Target Height; PFH: Predicted Final Height; NFH:Near Final Height

Table 4. Baseline biochemical parameters and 1 year after

Basal 1 year p*
ANZ
TC (mg/dL) 140.22 +20.98 134.89 +33.58 0.03
TG (mg/dL) 73.00 +28.17 60.89 + 18.23 0.11
HDL(mg/dL) 44.89+9.23 42.39 +7.64 0,21
LDL (mg/dL) 79.00 + 14.50 80.33 £26.55 0.81
Testosterone(ng/dL) 252.89 £108.20 692.80 + 255.00 <0.001
Glucose (mg/dL) 90.50 £ 6.25 88.61 +£7.18 0.30
GH +ANZ
TC (mg/dL) 150.26 +23.02 142.05 +£20.91 0.003
TG (mg/dL) 76.93 +33.86 78.54 +24.86 0.55
HDL (mg/dL) 46.47 +7.39 43.02+£8.32 0.01
LDL (mg/dL) 89.56 +20.73 83.14£19.12 0.003
Testosterone (ng/dL) 192.22 + 88.36 675.91 £219.30 <0.001
Glucose (mg/dL) 90.07 £ 6.24 86.23 +£6.97 0.001
Total
CT (mg/dL) 147.85 +£22.82 140.33 +24.48 <0.001
TG (mg/dL) 75.99 +32.44 74.31 £24.53 0.78
HDL(mg/dL) 46.09 +7.83 42.87 +£8.12 0.004
LDL (mg/dL) 87.03 +19.85 82.47 £20.98 0.007
Testosterone (ng/dL) 206.78 + 96.32 679.96 +226.68 <0.001
Glucose (mg/dL) 90.17 + 6.20 86.80 + 7.05 0.001

*Wilcoxon test

Legend: TC: total cholesterol; TG: triglycerides; LDL: low density lipoproteins; HDL: high density lipoproteins.

In parallel, this increase was 6.82 cm, 10.27 cm, and 7.44 cm in the
group that associated ANZ with GH. The evaluation of NFH
concerning baseline PEF showed a difference of 2.67 cm in the ANZ
group alone and 6.26 cm in the group associated with GH, surpassing
TH by 0.39 cm and 2.20 cm, respectively. The analysis that takes into
account only the 27 adolescents who reached NFH, when compared
to baseline PFH, the absolute increase in height was 0.82 cm in the
ANZ group alone and 5.55 cm in the group associated with GH,
reaching to surpass the TH by 1.22 cm in the whole group (Table 3).
Among the laboratory data evaluated, there was an increase in
average testosterone values between the introduction of Al and after
one year of use. However, in addition to a relative reduction in the
average cholesterol values, the other parameters remained close to the
reference values for age and sex (Table 4).

DISCUSSION

This retrospective cohort study proved the increase in final height in
male individuals with low PFH after using ANZ. This increase was
both predicted and concrete. Comparison between estimates of final
height data at different stages of treatment showed gains of: 5.73 cm,
7.60 cm, and 7.15 cm after 1, 2, and 3 years of ANZ alone. On the
other hand, the group whose treatment associated ANZ with GH
showed higher values (Table 2) in the same years of treatment.
Similarly, Shams et al. conducted a retrospective study that observed
that treatment time impacts the effectiveness of AL'® Review studies
highlight the efficacy of Als in delaying bone maturation with
consequent increase of PFH and reinforce that the main limitation
regarding the use of Als in the treatment of SS lies in the inefficiency
in demonstrating individuals' final height or NFH, which could
question the practical validity of the formal indication of this
medication.'""

Pedrosa et al.identified NFH in 23% of their subjects, observing an
average real gain of 2.6 cm.’ Similarly, the present work
demonstrated this data in about one-third of the total sample, and all,
considering the general group, reached the genetic expectation of TH
and exceeded the PFH demonstrated in the basal BP calculations
(Table 3). Among adolescents who reached NFH, compared to
baseline PFH, the absolute increase in height was 0.82 cm in the ANZ
group alone and 5.55 cm in the group associated with GH, surpassing
TH by 1.22 cm in the whole group. Analyzing the absolute data of
NFH, a final height was observed on average 0.73 cm higher among
those who used ANZ associated with GH, a statistically significant
finding. This knowledge corroborates the literature, as demonstrated
in the clinical trial by Mauraset al., 2016%and in the retrospective
cohort by Miller et al., 2020." In our study, it is also noteworthy that
in all the years of follow-up, those who used GH concomitantly with
Al showed greater adherence to treatment. Our hypothesis for such
adherence was based on the fact that obtaining GH was only possible
by periodically updating the reports performed by an endocrinologist,
probably causing greater motivation to maintain regular specialized
follow-ups. As for the drug's safety, a significant increase in
testosterone levels was noticed since the first year of use. Since the
first trials and reviews on the drug, such concern has been stated. On
the other hand, the patients analyzed in the interim did not present
significant lipid or glycemic profile abnormalities. The main
limitation of the study was the heterogeneity of the patients, with a
wide variety of clinical conditions and associated medications, a fact
inherent to the retrospective nature of the research, similarly to what
was highlighted by other authors.”'?Furthermore, the portion of the
sample that used ANZ alone was markedly reduced among those who
used it in combination with GH. Given the progressive increase in
image cult and the rise of social networks, this work has an
importance that goes beyond the verification of the effectiveness of
the ANZ in increasing the prediction of final height. This study does
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not focus its analysis on the subjectivity of the participants. However,
it is known that providing adolescents with SS with an expectation of
greater adult height impacts their quality of life and reduces
frustrations and anxiety in the search for unsafe, ineffective, and
possibly iatrogenic treatments.® Furthermore, the need to conduct a
study focused on correcting the limitations present in this work and
much of the available literature is reaffirmed. Therefore, we suggest
conducting a prospective study of isolated use of Als controlled with
placebo, with a larger sample and follow-up until obtaining NFH. It
will undoubtedly be able to discriminate better the groups that would
benefit from such therapy. In addition, the impacts of increased
testosterone should be detailed, as it is unclear whether these
impediments to the approval of third-generation Als in treating SS.
Currently, third-generation Als are used in the off-label use category,
which restricts their use. However, once there is safety and scientific
evidence, these must be standardized and regulated to expand their
benefits to younger people.

CONCLUSION

In adolescents with low height prediction, the use of ANZ alone or
associated with GH effectively increased the final height prediction.
For example, in those who used ANZ alone, there was a mean
increase of 5.73 cm, 7.60 cm, and 7.15 cm in predicted height after 1,
2, and 3 years, respectively. In parallel, in the ANZ + GH group, this
increase was 6.82 cm, 10.27 cm, and 7.44 cm. In addition, taking into
account only the adolescents who reached NFH, when compared to
baseline PEF, the absolute increase in height was 0.82 c¢cm in the ANZ
group alone and 5.55 cm in the group associated with GH, surpassing
TH in 1.22 cm in the entire group.
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