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Abstract
Purpose The definition of growth response in growth hormone (GH)-treated children is controversial. This study aims at: (1)
evaluating short-term and long-term efficacy of GH treatment in a cohort of short children with GH deficiency (GHD); (2)
assessing and compare various poor response criteria; (3) identifying predictive factors of growth response.
Methods Our study included 94 children, affected by isolated GHD and treated with GH until they reached final height.
Criteria used for calculating the proportion of poor responders to GH for the first year were gain in height (ΔHt) SDS < 0.5
(“Bang criterion”), <0.3 or <0.4 SDS for less-severe and severe GHD, respectively (“Ranke criterion”), height velocity (HV)
< mean –1 SDS (“Bakker criterion”); for adult height “Cianfarani criterion” was total ΔHt < 1 SDS.
Results After 1 year of treatment we defined “poor responders” 55.3% of patients according to Bang criterion, 40.9%
according to Bakker criterion and 23.4% according to Ranke criterion. At the end of the treatment, poor responders
according to Cianfarani criterion were 22.34%; almost everyone in our population (97.9%) achieved mMid-parental height
(MPH). Median final Ht was −1.11 SDS. Our analysis revealed a significant negative association between ΔHt and age at
diagnosis.
Conclusions Bang criterion generated the highest number of poor responders, but had a low negative predictive value
(67.5%); Ranke and Cianfarani criteria displayed similar rate of poor response. There is no reliable predictive factor of
growth hormone response. However, almost all children treated reached MPH, suggesting good treatment efficacy.
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Introduction

Growth hormone deficiency (GHD) is one of the most
frequent endocrinological disorder in children with short
stature, but we are still limited in making a definitive
diagnosis of GHD, due to lack of reliable diagnostic tools
and criteria [1]. Growth hormone replacement treatment
helps patients to achieve a normal adult height for the
general population and for their genetic target [2]. It is clear
from reports that individual height response may vary

considerably even with individualized treatment regimens,
mainly depending on chronological age at the beginning of
therapy, severity of the deficiency at GH stimulation tests
and stage of pubertal development [3]. Management of
children treated with GH should include evaluation of
growth response after 1 year, because this seems to be the
most important factor in determining the overall success of
treatment [4]. If response is poor, further investigation or
discontinuation of treatment should be considered [5].
However, despite more than 50 years of experience of GH
treatment in children with short stature, there is still some
uncertainty about the definition of “poor response”.

A response to GH therapy may be assessed by comparing
observed and predicted outcomes. In the 1990s, algorithms
aiming at predicting growth during the course of GH
treatment were developed for different diagnosis groups
(idiopathic short stature—ISS [6], Turner syndrome [7],
GHD [8], and small for gestational age—SGA [9]), but they
explain only 40–60% of the observed response variability.
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Consequently, the prediction may be quite far from the
actual response in the individual patient. A poor response
could also be described using a specific auxological bio-
metric cutoff value. Bakker et al. [10] created diagnosis-,
sex-, and age-dependent curves for height velocity (HV) on
GH treatment and suggested that patients with a first-year
HV <−1 SD of the corresponding category should be
labeled as poor responders. Similarly, Ranke suggested that
a gain in height SDS < 0.4 in a patient with severe GHD
(defined as GH peak < 7 ng/mL at stimulation tests) and a
gain <0.3 in patients with less-severe GHD should be
considered as a poor response [11]. Lastly, a Swedish study
proposed a cutoff of 0.5 SDS for a satisfactory height
increase in the first year of GH treatment [12].

Moreover, we still know little about GH treatment effect
on adult height and conflicting data exist on long-term
studies, with some showing failure to reach the genetic mid-
parental target height and others successful target height
achievement [13]. No specific cutoff value for GHD to
measure final response exists. According to Cianfarani et al.
efficacy outcome measure for ISS is a height gain from
inclusion to adulthood of at least ≥1 SDS [14].

The primary purpose of the present longitudinal, retro-
spective, single-center study was to evaluate short-term (1st
and 2nd year) and long-term (final or near-final height)
efficacy of GH treatment in our population of iGHD chil-
dren; we then assessed and compared the various criteria
commonly used to define poor response to GH therapy in
this population. Finally, we analyzed factors predicting final
height outcome.

Materials and methods

Study population

This study included 94 Caucasian patients (66 males and 28
females), affected by iGHD. Diagnosis was made in
accordance with previous version of Note 39 of Italian
Drugs Agency (AIFA) for prescribing GH in Italy (used
before July 2014), consisting of auxological criteria (a
height ≤−3 SDS OR a height ≤−2.5 SDS with a patholo-
gical growth velocity ≤1 SDS OR a height of more than 1.5
SDS deviation from their mid-parental height (MPH) with a
pathological growth velocity ≤−1.5 SDS), GH peak
< 10 ng/mL at two stimulation tests and/or symptoms due to
GHD (hypoglycemia) [15]. All patients were treated with
rhGH with regular follow-up every 6–8 months until they
reached final or near-final height, from 1991 to 2014. Cri-
teria for interruption of treatment were HV <3 cm/year,
bone age ≥ 13 years (girls) or ≥15 years (boys), complete
pubertal development. Reevaluation of GH status in late

adolescence or young adulthood was performed in 79
patients (84%). They underwent retesting on average 2.11
years after treatment interruption (2 months–3.6 years). The
lowest normal GH cutoff limit in response to insulin tol-
erance test (ITT) was 6 ng/mL while that to GHRH plus
arginine (GHRH+ARG) test was 19.0 μg/L [15].

Patients with GHD secondary to neoplasia, irradiation, or
with other chronic diseases (such as diabetes mellitus,
coeliac disease, systemic lupus erythematosus) were
excluded. Other exclusion criteria were discontinuation of
therapy for more than 2 months and unavailable/not suffi-
cient pretreatment data.

Methods

At baseline, 1-year and 2-year follow up visit (±90 days)
and at the end of treatment, we recorded age, height, weight,
bone age (Greulich & Pyle method [16, 17]), and pubertal
stage of the patients [18, 19], together with IGF1 serum
measurements.

SDS values for Ht and HV and MPH were calculated
using Italian growth reference values with the program
“Growth calculator 3” by the Italian Society of Pediatric
Endocrinology and Diabetology (ISPED-SIEDP) and
available online at www.siedp.it [20]. Birth weight and
length were evaluated using Italian growth reference values
[21] to identify patients born adequate or small for gesta-
tional age (AGA/SGA).

GH peak during GH stimulation tests (one or two tests) was
recorded. Patients were divided into two groups according to
the results of tests for maximum GH peak level: GH< 5 ng/mL
(“severe GHD”), and GH 5–10 ng/mL (“less-severe GHD”) to
allow comparison with previous reports [11].

At time of diagnosis a brain MRI was obtained in each
patients, except for one who denied consent.

IGF1 values were converted to sex- and age-related
percentiles values as reported by Bedogni et al. [22], to set a
standard between different assays and time points.

We chose the following criteria and cutoffs for poor
responses to GH:

“Bang criterion”: ΔHt 1st year <0.5 SDS [12]
“Ranke criterion”: ΔHt 1st year <0.4 SDS if severe
GHD; <0.3 SDS if less-severe GHD. [11]
“Bakker criterion”: HV 1st year (cm/aa) < mean –1 SD
[10]

Considering the absence of criteria for efficacy on adult
height outcome for GHD, we referred to Cianfarani et al. for
ISS (“Cianfarani criterion” for adult height total ΔHt < 1
SDS) [14].
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Statistical analyses

Statistical analyses were performed with the program JMP
IN®, version 7.0 (SAS Institute Inc., Cary, NC, USA) for
Macintosh (Apple Computer Inc., Cupertino, CA, USA)
and the program IBM SPSS Statistics 22. Mean ± SD or
median [min–max value] are reported where appropriate. A
p-value < 0.05 was considered statistically significant. The
proportion of poor responders per group was determined as
the mean [95% confidence interval]. Comparisons between
groups were tested by exploratory analysis using a χ2 test or
Fisher’s exact test.

Results

Baseline characteristics

Among the 94 iGHD patients included in our study, 16
(17%) had a birth weight or length <3rd percentile (defined
as SGA); 22 (23.4%) were classified as “severe GHD” and
72 (76.6%) as “less-severe GHD”. Brain MRI was pre-
dominantly normal (65.6%); in the other cases (34.4%) the
main abnormalities were anterior pituitary hypoplasia
(14%), thin pituitary stalk (8.6%), ectopic posterior pitui-
tary, or empty sella (11.8%).

Median age at diagnosis was 11.72 years (range
2.8–15.6). The majority of the patients (64.9%) was pre-
pubertal at diagnosis. Mean age at the onset of puberty
(Tanner stage II) was at 13.69 ± 1.5 years (boys) and
12.15 ± 1.49 years (girls). Twenty-two patients entered
puberty during 1st year and 13 during 2nd year of treatment;
only 26 patients (27.7%) remained prepubertal during the
first two years. Bone age was delayed for the majority of
our patients (85.1%), and advanced only in two cases
(2.1%), who were born AGA and had already entered
puberty at baseline.

Mean MPH was 167.8 ± 8.5 cm (−0.79 ± 0.84 SDS). The
average ΔMPH was −1.68 ± 0.89 SDS.

Once GHD was diagnosed, treatment with rhGH started
at a mean dose of 0.2 ± 0.02 mg/kg/week (0.03 mg/kg die),
close to the European recommendation for GH adminis-
tration [23]. The median dose over the whole period of

treatment was 0.186 mg/kg/week (0.146–0.23). Changes in
GH dose in individual patients were minimal and exclu-
sively related to weight, IGF1 concentration elevation, or
insulin resistance.

Response to treatment

As shown in Table 1, all auxological parameters amelio-
rated in all patients. In our study the median height after 1
year of treatment was −1.99 SDS (ranging from −3.67 to
−0.91 SDS) and resulted in an increase of about 0.49 ± 0.36
SDS from baseline values. Mean HV increased as well from
+4.37 ± 2.56 cm/year (−1.91 ± 0.18 SDS) to +8.13 ±
1.96 cm/year (+2.33 ± 0.18 SDS).

Median chronological age at the end of treatment was
16.82 year for boys and 15.4 year for girls, with a range
from 13.66 to 19.37 years, thus therapy lasted on average
5.08 ± 2.72 years. Our patients reached a median final
height of −1.11 SDS (range from −2.68 to +1.26), with a
total height gain of +1.5 ± 0.6 SDS. Difference between
height and MPH reduced to −0.17 ± 0.81 SDS (pretreat-
ment value −1.68 ± 0.89).

The patients who remained prepubertal during the first
two years of treatment started GH treatment earlier, at a
median age of 7.84 ± 3 years and discontinued it after
8.52 ± 2.5 years. Nevertheless, no substantial differences
were found in both baseline and final auxological data: prior
to treatment their height was −2.69 SDS (range from −3.61
to −1.39) with HV −1.82 ± 2.31 SDS, their final height was
−1.02 (range from −2.13 to+ 0.38) with a total Δ Ht+
1.7 ± 0.50 SDS and a ΔMPH −0.22 ± 1.17 SDS (pretreat-
ment value −1.95 ± 1.08 SDS).

Table 2 depicts comparisons in growth response among
different categories of patients. In the subgroup with a
pathological baseline HV < 3 cm/year (23 of 94 patients,
24.5%), catch up growth was more relevant at the end of the
treatment (median height −0.89 SDS, range from −2.6 to
+ 0.4) than after 1 year (median height −2.35 SDS, range
from −3.12 to+1.28 SDS). Interestingly, only four children
of this category displayed a permanent GHD due to
abnormalities of pituitary region.

Comparison among 1st year-poor responders population
according to the three criteria are listed in Table 3. There

Table 1 Auxological and
laboratory data at baseline,
during follow-up and at final/
near-final height

Baseline 1st year 2nd year Final height

Ht SDS −2.56 [−3.76 to −1.27] −1.99 [−3.67 to −0.91] −1.57 [−3.14 to −0.22] −1.11 [−2.68 to +1.26]

HV cm/year 4.37 (2.56) 8.13 (1.96) 7.59 (1.95)

HV SDS − 1.91 (0.18) +2.33 (0.18) +3.64 (0.24)

Δ Ht SDS – +0.49 (0.36) +0.42 (0.29) +1.5 (0.6)

Δ MPH SDS −1.68 (0.89) −1.19 (0.87) −0.79 (0.83) −0.17 (0.81)

Data given as mean (standard deviation) or median [max–min]
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were no significant differences in sex, birth weight/length,
GH peaks, pubertal stage, bone age, and auxological data at
diagnosis among these groups.

If we consider only Bang criterion, no substantial dif-
ferences in baseline features are found between poor and
good responders, except for a weak relationship between
good response and MRI evidence of hypothalamic/pituitary
abnormalities (45.2% vs. 25%, P= 0.12) [Table 4].

Change in height <0.5 SDS for the 1st year (Bang cri-
terion) was the criterion that generated the highest number
of poor responders (55.3%), followed by Bakker criterion
(40.9%) and by Ranke criterion (16%) [Fig. 1].

At the end of the treatment, 21 patients (22.34%) had a
height gain <1 SDS (Cianfarani criterion) [Table 5]. These
poor responder patients had a lower MPH and showed a less

satisfactory 1st year outcome, especially regarding HV
(+0.27 SDS vs. +2.85 SDS) than final good responders.
Age at diagnosis, baseline height, and therapy duration were
found to be correlated to good response (P < 0.05).

Only 32.7% of those that were considered poor respon-
ders after 1 year of therapy according to Bang criterion,
actually still belonged to this category considering Cian-
farani criterion for final height. Moreover, all subjects in our
population (97.9%), except for two, achieved or exceeded
mid-parental target height (MPH ± 2 SDS). Figure 2 com-
pares final heights of poor responders according to different
criteria and target heights: adult height SDS was similar in
all groups.

Seventy nine patients (84%) were retested using the ITT
or GHRH+ARG test after discontinuation of therapy.

Table 2 Auxological and radiological data at baseline, during follow-up and at final/near-final height among different categories

All patients
(n= 94)

Severe GHD
(n= 22/94)

Less severe GHD
(n= 72/94)

HV < 3 cm/year prior
treatment (n= 23/94)

Baseline BA year 10 [1.5 to 14] 8 [1.5 to 13] 10 [2 to 14] 10 [2 to 12.75]

Baseline CA year 11.72 [2.8 to 15.6] 10.67 [2.75 –14.92] 11.67 [4.75–15.25] 11.76 [4.45–15.2]

BA/CA 0.8 0.79 0.81 0.78

Baseline Ht SDS −2.56 [−3.76 to −1.27] −2.27 [−3.52 to −1.49] −2.58 [−3.76 to −1.27] −2.86 [−3.61 to −1.57]

1st year Δ Ht SDS +0.49 (0.36) +0.57 (0.37) +0.46 (0.37) +0.51 (0.36)

Final Δ Ht SDS +1.5 (0.6) +1.85 (0.6) +1.39 (0.6) +1.65 (0.61)

Final Δ MPH SDS −0.17 (0.81) +0.11 (0.8) −0.26 (0.82) −0.2 (0.82)

Data given as mean (standard deviation) or median [max–min]

Table 3 Comparison among
different population of poor
responders to first year of GH
treatment according to different
criteria

Poor responders Bang criterion (55.3%) Ranke criterion (23.4%) Bakker criterion (40.9%)

Sex F= 32.7%
M= 67.3%

F= 13.6%
M= 86.4%

F= 28%
M= 72%

Birth weight/length AGA= 80.8%
SGA= 19.2%

AGA= 81.8%
SGA= 18.2%

AGA= 76%
SGA= 24%

GH max at tests Severe= 25%
Less severe= 75%

Severe= 27.3%
Less severe= 72.7%

Severe= 36%
Less severe= 64%

Age at diagnosis (median) 11.95 years
[2.82–15.49]

12.6 years
[2.82–15.2]

9.44 years
[2.82–14.01]*

Brain MRI Normal= 73.1%
Pathological= 25%

Normal= 68.2%
Pathological= 27.3%

Normal= 52%
Pathological= 44%

Pubertal stage Prepubertal= 65.4%
Pubertal= 34.6%

Prepubertal= 68.2%
Pubertal= 31.8%

Prepubertal= 100%

MPH (median) −0.89 SDS
[−2.5 to +1.74]

−1.54 SDS
[−2.1 to +1.74]

−1.17 SDS
[−2.5 to +1.74]

Baseline Ht (mean) −2.42 SDS −2.61 SDS −2.96 SDS

Baseline HV (mean) −1.93 SDS −1.68 SDS −2.25 SDS

Baseline ΔMPH (mean) −1.59 SDS −1.87 SDS −1.86 SDS

Baseline bone age Delayed= 78.8%
Normal= 13.5%
Advanced= 1.9%

Delayed= 77.3%
Normal= 18.2%
Advanced= 0%

Delayed= 88%
Normal= 12%
Advanced= 0%

1st year Ht (mean) −2.17 SDS −2.55 SDS* −2.37 SDS

1st year HV (mean) +1.28 SDS* +0.27 SDS* +0.53 SDS

1st year Δ Ht (mean) +0.24 SDS +0.03 SDS* +0.33 SDS

1st year ΔMPH (mean) −1.35 SDS* −1.68 SDS* −1.54 SDS

1st year bone age Delayed= 86.5%
Normal= 7.7%
Advanced= 0%

Delayed= 95.5%
Normal= 0%
Advanced= 0%

Delayed= 88%
Normal= 4%
Advanced= 0%

*p value < 0.05
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Sixty one patients (77%) showed normalization of GH
secretion, whereas GH treatment was restarted in 18 patients
due to pathological retesting results. Patients with perma-
nent GHD showed better height outcome (mean 1st-year
ΔHt 0.67 ± 0.38 SDS and total ΔHt 1.81 ± 0.6 SDS).

Predictive factors

Multiple regression analysis showed that both short-term
and long-term outcomes correlated significantly with age at
diagnosis (P= 0.0011 e P= 0.0004, respectively) and
pretreatment height (both P < 0.0001, Rsquare= 0.99).
Statistically significant relationships for adult height were

age at diagnosis (P= 0.0004), treatment duration
(P= 0.0004) and Ht SDS at diagnosis (P < 0.0001). The
association between height gain during 1st year of treatment
and final response was not statistical significant (p=
0.2871). Moreover, there was no difference in growth
response between patients who were born SGA (16/94) or
AGA (P= 0.525) nor between patients with a “severe
GHD” and “less severe GHD” (P= 0.30) for the first year
of treatment; in contrast, final height gain was significantly
higher in the “severe GHD” group (P= 0.0041). We found
that males presented a poorer 1st year response than females
(P= 0.0062): this may be explained by age and sex-
dependent differences in pubertal development.

Table 4 Comparison between poor and good responders according to
Bang criterion

Bang criterion Poor responders
(n= 52/94)

Good responders
(n= 42/94)

Sex F= 32.7%
M= 67.3%

F= 26.2%
M= 73.8%

Birth weight / length AGA= 80.8%
SGA= 19.2%

AGA= 85.7%
SGA= 14.3%

GH max at tests Severe= 25%
Less severe= 75%

Severe= 21.4%
Less severe= 78.6%

Age at diagnosis
(median)

11.95 years [2.82
to 15.49]

11.61 years [4.45
to 15.62]

Brain MRI Normal= 73.1%
Pathological= 25%

Normal= 54.8%
Pathological=
45.2%

Pubertal stage Prepubertal= 65.4%
Pubertal= 34.6%

Prepubertal= 64.3%
Pubertal= 35.7%

MPH (median) −0.89 SDS [−2.5 to
+ 1.74]

−0.89 SDS [−2.25
to+ 0.57]

Baseline Ht (mean) −2.42 SDS −2.62 SDS

Baseline HV (mean) −1.93 SDS −1.87 SDS

Baseline
ΔMPH (mean)

−1.59 SDS −1.79 SDS

Baseline bone age Delayed= 78.8%
Normal= 13.5%
Advanced= 1.9%

Delayed= 95.1%
Normal= 2.4%
Advanced= 2.5%

Fig. 1 Proportion of poor responders after 1 year (according to Bang,
Ranke, or Bakker criteria) and at the end of GH treatment (according
to Cianfarani criterion) in 94 iGHD children

Table 5 Comparison between good and poor responders at the end of
GH treatment according to Cianfarani criterion

Cianfarani criterion Poor responders
(n= 21/94, 22.34%)

Good responders
(n= 73/94, 77.66%)

Sex F= 33.3%
M= 66.7%

F= 28.8%
M= 71.2%

Birth weight/length AGA= 76.2%
SGA= 23.8%

AGA= 84.9%
SGA= 15.1%

GH max at tests Severe= 9.5%
Less severe= 90.5%

Severe= 27.4%
Less severe= 72.6%

Age at diagnosis
(median)*

11.61 years
[6.67–14.47]

11.49 years
[2.82–15.62]

Brain MRI Normal= 85%
Pathological= 15%

Normal= 60.3%
Pathological= 39.7%

Pubertal stage Prepubertal= 52.4%
Pubertal= 47.6%

Prepubertal= 68.5%
Pubertal= 31.5%

MPH (median) −1.54 SDS [−2.1
to 1.74]

−0.88 SDS [−2.5
to 1.74]

Baseline Ht (mean)* −2.61 SDS −2.59 SDS

Baseline HV (mean) −1.68 SDS −1.81 SDS

Baseline
ΔMPH (mean)

−1.87 SDS −1.85 SDS

Baseline bone age Delayed= 77.3%
Normal= 18.2%
Advanced= 0%

Delayed= 93.9%
Normal= 2.7%
Advanced= 1.37%

1st year Ht (mean) −2.55 SDS −2.05 SDS

1st year HV (mean) +0.27 SDS +2.85 SDS

1st year Δ Ht (mean) +0.03 SDS +0.54 SDS

1st year
ΔMPH (mean)

−1.68 SDS −1.31 SDS

1st year bone age Delayed= 95.5%
Normal= 0%
Advanced= 0%

Delayed= 87.7%
Normal= 12.3%
Advanced= 0%

GH dose (mean) 0.184 mg/kg/week 0.185 mg/kg/week

Duration of therapy
(mean)*

4.17 years 5.32 years

Final Ht (mean)* −1.51 SDS −0.86 SDS

Final Δ Ht (mean) +0.71 SDS +1.73 SDS

Final ΔMPH (mean) −0.26 SDS −0.15 SDS

*p value < 0.05
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Discussion

Our study supports GH short-term and long-term efficacy
for the treatment of GHD, as height and HV after 1 year of
treatment increased in all our patients. These results are
consistent with those reported by KIGS showing a mean
HV of 9.1 cm/year [24]. At the end of the treatment all
patients appeared to have reached a height close to (in some
cases over) their target height, except for two (2.1%), in
which ΔMPH was −3.19 and −2.08 SDS. Median final or
near-final height reached by our patients are generally better
than some previously reported, in which mean final height
was −2.3 SDS and < 2.0 SDS below the MPH [25]. Those
data, however, referred to children treated with extractive
human growth hormone, administered at a lower dose and
not on a daily basis regimen. Other studies reported good
outcomes, similar to ours: height of −0.9 SDS, close to
target height, for Reiter et al. [13], −1.5 SDS for Cutfield
et al. [26], −0.7 SDS in the American trial Genentech [27].
In the Genentech trial, however, most of the included
patients failed to achieve full genetic height potential,
despite the use of a 40% higher dose in USA than in Eur-
ope. Previous data regarding impact of GH dose on adult
height are discordant: some studies suggested that a GH
treatment at an early age and with high dose leads to a
greater catch up growth. In our analysis, instead, no rela-
tionships were found between growth response and mean
GH dose. Mean GH dose used in our patients was in the
range permitted by European Medicines Agency [23], so we
cannot exclude an advantage in terms of height gain by
using higher dosage.

Extensive analysis was undertaken to find out any asso-
ciations between total height increment and various baseline
parameters. The most influential variables with negative
relationship were height gain (after 1 year and at the end of

treatment) and chronological age at diagnosis; strong posi-
tive relationship were final ΔHt and duration of therapy.
These results emphasize the importance of initiating GH
treatment as soon as possible and of providing therapy over
a long period. Several clinical trials and postmarketing stu-
dies consistently reported better responses when treatment
was started at an early age [13, 28]. Brain MRI was negative
for hypothalamic/pituitary abnormalities in the majority of
our patients, but it was not significantly associated with
growth response, in contrast with previous literature that
showed better response in children with pathological find-
ings of hypothalamic/pituitary region [29, 30]. Neither birth
weight/length nor MPH was relevant in predicting adult
height, in line with the report by Dahlgren [31]. No statis-
tically significant association existed between growth
response and GH maximum peak at GH stimulation tests in
the first year of treatment. This result reflects, at least in part,
the well-known inaccuracies and limits in the diagnosis of
GHD [12, 32]. Difficulties in distinguishing less-severe
GHD from ISS or costitutional delay of growth and puberty
(CDGP) have already been discussed by Kriström et al. [3]
and Loche et al. [33]. A reduction of diagnostic cutoff of the
GH stimulation tests could better recognize “real” GHD
patients, as suggested by Bereket [34]. The revision of Note
39 of AIFA about regulation of rhGH prescription in Italy
can be considered an effort in that sense.

We assessed IGF1 levels for every patient at baseline and
during follow-up, but we decided to exclude these data from
our analysis, because they were determined in different
laboratories and with different assays so that a valid stan-
dardization could not be performed. It is known that IGF1
levels are related to height gain and HV increase during the
first year and could ameliorate prediction of growth
response [35].

The present study reports, for the first time, how 1st year
response cutoffs compare with end-of-treatment response
criteria in the same population of iGHD patients. In our
study 55.3% of patients were defined as “poor responders”
after 1 year of treatment using Bang criterion, 40.9% using
Bakker criterion, and 23.4% using Ranke criterion. These
percentages are a little higher, but similar in the order, than
the ones reported by Bang et al. in the analysis on 456
North European children treated with GH [5]. No sub-
stantial differences emerged between these three different
criteria in terms of sex, birth weight/length, or GH stimu-
lation tests at diagnosis. The cutoff for 1st year ΔHt SDS of
0.3 (Ranke criterion) is probably too close to the normal
growth variation during childhood. On the other hand, the
Bakker criterion needs specific growth charts and may result
uneasy in everyday clinical practice; moreover, sometimes
it is not possible to measure 1st year HV because of una-
vailability or inaccuracy of pretreatment data, as happened
for 33 patients in our cohort.

Fig. 2 Pattern of growth in the cohort according to different response
categories. The upper and the lower limits of each rectangle indicate
the 75th and the 25th height SDS percentiles, respectively; the lines
inside the rectangles indicate median values. The vertical lines
extending from the rectangles represent maximum and minimum
height SDS values
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At the end of the treatment, poor responders according to
Cianfarani criterion were 21 (22.34%). Main differences
between poor and good responders can be seen especially in
the first year: this again underlines that the 1st year response
is the most important predictor of final outcome. Comparing
1st year and end-of-treatment response criteria, it can be
noticed that 67.3% of poor responders according to Bang
did not meet Cianfarani criterion and achieved a satisfactory
final outcome (Final Δ Ht > 1 SDS). To summarize, Bang
criterion presented relatively good positive predictive value
(90.5% of the 1st year-good responders reached a satisfac-
tory final height), but a low negative predictive value
(67.3%). Our data showed that almost every subject in our
population (97.9%) reached his MPH. Only 2 patients of 94
(2.1%) showed a final height lower than target height and
resulted “real poor responders” at the end of treatment, also
according to Cianfarani criterion: in these cases, a genetic
cause of short stature in addition to GHD may be undiag-
nosed. In agreement with Reiter [13], we ascertained that a
satisfactory height response to GH treatment should lead to
catch-up toward the target height. The difference between
near-adult height SDS and MPH SDS is perhaps the best
indication of whether an individual has achieved his/her
genetic height potential.

One limitation of the present study is that we did not
perform sex hormone priming in any patient; moreover, our
population displayed relatively high median chronological
age at diagnosis (11.82 years old, ranging from 2.82 to
15.62) in our population could mislead the interpretation of
results. This problem, however, is common in studies about
iGHD children, because in this category CDGP or familial
short stature are often included and patients come later to
the pediatrician’s attention. This bias may confuse data
interpretation: for this reason, we underlined that most
patients (64.9%, 61/94) were prepubertal at diagnosis.
Males entered puberty (Tanner stage II) at 13.69 ± 1.5 years
and girls at 12.15 ± 1.49 years, later than the rest of Italian
population [36]. This late onset of puberty was described
also in the study by Ranke on Pharmacia International
Growth Database [37]. In our population there were prob-
ably cases of overlapping GHD in CDGP, even if it is
difficult to identify and quantify them, as previously
mentioned.

In conclusion, our study does not provide evidence that
one criterion is preferable than another. Bang criterion
generated the highest number of poor responders, but had a
low negative predictive value; Ranke and Cianfarani criteria
displayed similar rate of poor response. GH treatment
should aim at achieving genetically determined height
potential: a catch-up growth to MPH may be the best
indication of its efficacy. The decision to start (and con-
tinue) therapy with GH should mostly rely on clinical and
auxological parameters, not only on a numerical cutoff; we

suggest to evaluate each patient in his whole personal and
familiar context. Moreover, most of the patients have pub-
ertal delay and a potential for spontaneous catch up growth;
this also underlines the difficulties related to a clear diag-
nosis of GHD. Administration of rhGH should start as soon
as possible in order to optimize efficacy of treatment. There
is still a need to define poor/good response and to investi-
gate predictors of outcome in order to obtain greater cost-
effectiveness and increased opportunities for clinical
benefit.
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