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Introduction

A substantial proportion of SGA patients present with a syndrome underlying their growth restriction. Most SGA cohorts comprise both syndromic and non-syndromic patients impeding delineation of the recombinant human growth hormone (rhGH) response. We present a detailed characterization of a SGA cohort and analyze rhGH response based on adult height (AH).





Methods

Clinical and auxological data of SGA patients treated with rhGH, who had reached AH, were retrieved from BELGROW, a national database of all rhGH treated patients held by BESPEED (BElgian Society for PEdiatric Endocrinology and Diabetology). SGA patients were categorized in syndromic or non-syndromic patients.





Results

272 patients were included, 42 classified as syndromic (most frequent diagnosis (n=6): fetal alcohol syndrome and Silver-Russell syndrome). Compared with non-syndromic patients, syndromic were younger [years (median (P10/P90)] 7.43 (4.3/12.37) vs 10.21 (5.43/14.03), p=0.0005), shorter (height SDS -3.39 (-5.6/-2.62) vs -3.07 (-3.74/-2.62), p=0.0253) and thinner (BMI -1.70 (-3.67/0.04) vs -1.14 (-2.47/0.27) SDS, p=0.0054) at start of rhGH treatment. First year rhGH response was comparable (delta height SDS +0.54 (0.24/0.94) vs +0.56 (0.26/0.92), p=0.94). Growth pattern differed with syndromic patients having a higher prepubertal (SDS +1.26 vs +0.83, p=0.0048), but a lower pubertal height gain compared to the non-syndromic group (SDS -0.28 vs 0.44, p=0.0001). Mean rhGH dose was higher in syndromic SGA patients (mg/kg body weight/day 0.047 (0.039/0.064) vs 0.043 (0.035/0.056), p=0.0042). AH SDS was lower in syndromic SGA patients (-2.59 (-4.99/-1.57) vs -2.32 (-3.3/-1.2), p=0.0107). The majority in both groups remained short (<-2 SDS: syndromic 71%, non-syndromic 63%). Total height gain was comparable in both groups (delta height SDS +0.76 (-0.70/1.48) vs +0.86 (-0.12/1.86), p=0.41).





Conclusions

Compared to non-syndromic SGA patients, syndromic SGA patients were shorter when starting rhGH therapy, started rhGH therapy earlier, and received a higher dose of rhGH. At AH, syndromic SGA patients were shorter than non-syndromic ones, but their height gain under rhGH therapy was comparable.
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1 Introduction

Three percent of all children are born small for gestational age (SGA), of those 10-13% do not develop catch-up growth and remain short (1–3). Treatment with recombinant human growth hormone (rhGH) was reported to increase significantly adult height (AH) in short children born SGA (4–7). Based on these results, the European Medicines Agency (EMA) approved in 2003 rhGH therapy for children born SGA who are lacking catch-up growth at the age of 4 years.

Nonetheless, the response to growth hormone therapy is very variable and several studies have been published, trying to identify predicting factors for growth response in SGA patients (8, 9). One of the discussed reasons for the variable growth response, is that SGA patients are a heterogenous group including patients who suffered from an intrauterine growth restriction caused by a variety of reasons: maternal complication (preeclampsia, uterine anomalies, maternal drug use, including alcohol and tobacco), fetal complications (intrauterine infections, syndromes), placental abnormalities (reduced placental blood flow) and environmental insults (toxic substances, altitude) (10).

The reported cohorts often contain patients suffering from a severe or partial growth hormone deficiency (4, 5, 11), or patients who were additionally treated with GnRH analogues (12), which might further influence the variable growth hormone response of the studied cohort (13).

Syndromic patients are reported to respond worse to rhGH therapy than non-syndromic patients (12). In some studies, syndromic patients have been excluded (11, 14), while in others, only Silver-Russell Syndrome (SRS) patients were included (6, 15). Dahlgren et al. excluded SGA patients with chromosomal disorders, chondrodysplasia, fetal alcohol syndrome (FAS) and children with “serious malformations”, but included a SRS patient (5). So, the published SGA cohorts are very heterogenous. A recent study examined rhGH response during the first two years of therapy in the following SGA subgroups: patients with dysmorphic features, FAS patients and SRS patients. This study revealed the best response to rhGH in the SRS subgroup and the highest rate of non-responders, defined as delta height SDS <0.3 after the first year of rhGH therapy, in the FAS subgroup (16). Data on rhGH response for syndromic patients on adult height are sparse. Few studies have published adult height after growth hormone therapy for SRS patients (17–19). They show a lower adult height, but an equal height gain compared to non-SRS SGA patients under rhGH therapy (18, 19).

We report on a large SGA cohort retrieved from the Belgian national registry for patients treated with growth hormone (BELGROW) held by BESPEED (BElgian Society for PEdiatric Endocrinology and Diabetology) and determined how many syndromic patients were included in this cohort and which syndromes had been diagnosed. We further compared the two SGA groups (syndromic versus non-syndromic SGA) and analysed their response to rhGH therapy.




2 Material and methods



2.1 Subjects

SGA patients who fulfilled the following criteria were extracted from BELGROW: birth length and/or birth weight <-2 SDS according to Niklasson (20) and for children born preterm <28.5 weeks of gestation according to Intergrowth (21, 22), who had a height <-2.5 SDS according to Roelants (23) when starting rhGH therapy, who were treated at least 2 years with daily subcutaneous rhGH injections and for whom an AH was documented in BELGROW (Figure 1).




Figure 1 | Flow Chart visualizing the applied procedure of patient selection.



Patients were excluded if they had been treated with aromatase inhibitors or GnRH analogues, if they were suffering from a chronic disease known to possibly interfere with growth, such as chronic intestinal diseases, cystic fibrosis, cardiac insufficiency, precocious puberty, 21 hydroxylase deficiency, immune deficiency syndromes, oncological disease, severe hypothyroidism and spastic paralysis, if they were diagnosed with or had symptoms of bone dysplasia, or if they had a genetically confirmed mutation in the IGF-1 receptor gene.

After applying these criteria, our SGA cohort included 272 patients.

These patients were categorized into syndromic and non-syndromic patients. All patients who had a genetically confirmed syndrome, or a syndrome diagnosis based on a published clinical score (SRS, FAS) or who had in addition to their short stature at least two other symptoms (congenital heart defects, intellectual disability, dysmorphic features, …) suggesting a syndromic origin of their short stature were classified as syndromic SGA patients.

BELGROW is a database, which has been running since 1985 by BESPEED and includes almost all patients treated with rhGH in Belgium. This registry stores pseudonymized data. Informed consent of the registered patients has been obtained.




2.2 Methods

Variables retrieved from BELGROW were: diagnosis; gender; weight and length at birth; father’s and mother’s height; age, height, weight, pubertal stage at start of rhGH therapy, after 1 year, at start of puberty, at end of rhGH therapy and at adult height.

SDS calculations were performed applying reference values published by Niklasson (20) for birth parameters and Intergrowth data (21, 22) for preterm babies <28.5 weeks of gestation. For follow-up data we used reference data published by Roelants (23) to determine SDS.

AH was assumed if growth velocity was less than 2 cm/year and pubertal development was completed (Tanner stage 5 and/or min. 2 years after menarche in girls; min. testicular volume of 15 ml in boys) and/or bone age or estimated bone age (24) was min. 14 years in girls or min. 16 years in boys. As our applied growth velocity to define adult height was not 0 cm/year and as we expressed AH in SDS by applying the gender-adapted SDS of the age of 21 to the obtained AH, we are certainly underestimating adult height slightly.

Mean daily dose (mg/kg body weight/day) during the first year and during the whole treatment period was calculated using the dosage recorded at each visit.

Mid-parental height (MPH) was calculated by [father’s height (cm) + mother’s height (cm) + 13 cm for boys/- 13 cm for girls]/2 (25). Target height range was defined as MPH +/- 10 cm for boys and MPH +/- 9 cm for girls (26).

The response of growth hormone therapy was evaluated by the change from baseline height standard deviation score to AH standard deviation score (Δ-height SDS).




2.3 Statistical analysis

Results are expressed as median (P10-P90) or percentages. The percentage of subjects with an AH SDS <-2 and with an AH in their target height range was calculated. Continuous variables and percentages were compared across groups using Mann-Whitney U tests, or chi-square tests as appropriate. A p value <0.05 was considered statistically significant. Stata 15.1 was used for statistical analysis.





3 Results



3.1 Cohort characterization

We identified 42 syndromic patients in our SGA cohort (15%).

The most frequent diagnosis was FAS (six), and SRS (six), followed by patients with 3M syndrome (two). The diagnosis of a defined syndrome was mostly made before the start of treatment. Twenty-five of the 42 syndromic patients had a defined syndrome, hence 17 (40%) had no defined syndrome (Table 1). Genetic analysis in 8 of these 17 patients was not contributory. Genetic analysis included karytoype, CGH-array, specific gene analysis and whole exome sequencing. These methods were used either individually or in different combinations with or without a genetic consultation. As our data are based on a registry, which is used by different physicians from different Belgian centers, there was no uniform approach for the genetic work-up.


Table 1 | Description of the syndromic SGA group.



In 9 patients, no genetic analysis had been performed.




3.2 Syndromic versus non-syndromic SGA patients: Comparison of baseline characteristics

In the syndromic group there was a higher percentage of male patients (71%) compared to the non-syndromic group (55%), but this was not statistically significant (p=0.051). Gestational age did not differ between the two groups, but syndromic patients had lower birth weight (-2.83 versus -2.26 SDS, p=0.0011) and length (-3.09 versus -2.48 SDS, p=0.0178) than non-syndromic patients at birth (Table 2A).


Table 2 | Syndromic versus non-syndromic SGA patients: Comparison of baseline characteristics.



While mother’s height was not significantly different, fathers of non-syndromic patients were shorter (-1.35 versus -1.13 SDS, p=0.0446) as was MPH (-1.4 versus -1.1 SDS, p=0.0232) (Table 2A).

Syndromic SGA patients were started on rhGH therapy at a younger age (7.43 versus 10.21 years, p=0.0005). At start of GH therapy, syndromic patients were shorter (height SDS -3.39 versus -3.07, p=0.0253), especially when taking into account their MPH (Height SDS – MPH SDS: -2.34 versus -1.74, p<0.0001). Syndromic SGA patients were lighter (weight SDS: -4.06 versus -2.91, p<0.0001) and had a lower BMI SDS (-1.70 versus -1.14, p=0.0054) at start of therapy (Table 2B).




3.3 Syndromic versus non-syndromic SGA patients: Comparison of response to rhGH

After one year of therapy, syndromic patients remained shorter than non-syndromic SGA patients (height SDS -3.04 versus -2.51, p=0.0286; Table 3). The percentage of non-responders (delta-height SDS <0.3 after one year of therapy) was comparable (19% in syndromic versus 17% in non-syndromic patients, p=0.69; Table 3).


Table 3 | Syndromic versus non-syndromic SGA patients: Comparison of response to rhGH after the first year of therapy and at onset of puberty.



At the beginning of puberty, there was no longer a significant difference in height SDS between the two groups (-2.35 versus -2.46, p=0.59). Age at start of puberty was comparable (12.56 versus 12.39 years, p=0.66; Table 3). However, at the end of therapy, syndromic patients remained shorter (-2.07 versus -1.82 SDS, p=0.0188) and this difference was exacerbated at AH SDS (-2.59 versus -2.32, p=0.0107; Figure 2 and Table 4).




Figure 2 | Height SDS, syndromic versus non-syndromic SGA patients: Differences in Height SDS between syndromic and non-syndromic patients before, throughout and after rhGH therapy. * statistically significant.




Table 4 | Syndromic versus non-syndromic SGA patients: Comparison of response to rhGH at the end of therapy and at AH, and details on applied rhGH therapy.



BMI SDS of syndromic patients remained lower after one year of rhGH therapy (-1.62 versus -1.03, p=0.0033), but was not different at other time points. Median BMI remained always below P50 throughout the follow-up for both groups (Tables 3, 4).

The age at the end of therapy was comparable in both groups (16.01 versus 16.16 years, p=0.90). Hence mean duration of the GH therapy was longer in the syndromic group (8.35 versus 5.5 years, p<0.0001). The syndromic group was treated with a higher median dose (47 mcg/kg/day versus 43 mcg/kg/day, p=0.0042) (Table 4).

As some patients were treated in the setting of studies before the EMA approval of SGA as an indication for rhGH therapy, some patients were treated with a discontinuous rhGH regime. After their study participation, rhGH was interrupted until they could be treated in a medical need program or eventually under the approved SGA indication. This was the fact for 12% of the syndromic patients and 6% of the non-syndromic patients. Median interruption time of their rhGH therapy was 3 and 1.8 years respectively. These differences were not statistically significant (Table 4).

Regarding height gain, there was no significant difference either after 1 year of therapy (delta height SDS: 0.54 versus 0.56, p=0.94), at the end of therapy (height SDS 1.3 versus 1.33 SDS, p=0.99), or at AH (height SDS 0.76 versus 0.86, p=0.41). However, before the start of puberty, the syndromic group had a greater height gain compared to the non-syndromic group (height SDS gain 1.26 versus 0.83, p=0.0048) (Figure 3). The pubertal height gain was hence lower in the syndromic group (-0.28 versus 0.44 SDS, p=0.0001; Table 4).




Figure 3 | Height gain (delta height SDS compared to start of therapy) in syndromic versus non-syndromic SGA patients: Differences in height gain between syndromic and non-syndromic patients before, throughout and after rhGH therapy. * statistically significant.



The majority of patients in both groups remained short (<-2 SDS) at AH (71% versus 63%, p=0.27). The syndromic SGA group remained slightly shorter than the non-syndromic group (height SDS at 21 years -2.59 SDS versus -2.32, p=0.0107), but when comparing final heights for males and females separately, there was no significant difference in males (median final height: 165.5 cm for syndromic and non-syndromic males). Non-syndromic females were taller than syndromic SGA females at final height (median final height: 148.3 cm for syndromic and 152.3 for non-syndromic females, p=0.0291; Table 4).

More than 75% of non-syndromic patients reached an AH in their target height range (79%). In the syndromic group, only 42% reached an AH in their target height range (p=<0.0001; Table 4).





4 Discussion

Our cohort is so far the largest SGA cohort with published information about AH.

The absolute AH we report, is shorter than in some cohorts (4, 5), but similar to some other reports (15) (see Table 5).


Table 5 | Overview of published SGA cohorts with documented AH after rhGH therapy.



This holds true as well for AH SDS (4, 5, 14, 28). As we are applying SDS for the age of 21 years to calculate AH SDS, we are probably underestimating AH SDS. Other studies calculate AH SDS on the basis of chronological age at final height and hence tend to overestimate AH. But even if we are applying chronological SDS for AH in our study cohort, our AH SDS are below some published data (4, 5, 11, 28), but similar to other reports (6, 15, 27) (see Table 5). As syndromic patients reach a shorter AH in our cohort and as they were excluded from several studies (11, 14), this might contribute to our lower reported AH. Several other studies included only prepubertal SGA patients (4, 5, 28), while others reported a better rhGH response when therapy was started before puberty (11, 14). Our cohort comprises quite an important proportion of patients who started rhGH during puberty (9.5% syndromic and 25.6% non-syndromic SGA), this could again contribute to our lower reported AH. On the other hand, in our study, although the syndromic patients were younger at rhGH treatment start, they did note reach a better AH, so further studies are needed to elucidate the effect of timing of the rhGH treatment start.

Furthermore, some patients in our study cohort were treated with a discontinuous rhGH regimen as they had been included in clinical trials before official EMA approval of SGA as an indication for rhGH therapy, then stopped rhGH at the end of the trial and reinitiated it in a medical need program or eventually after EMA approval. This might have compromised AH in our cohort, although de Zegher et al. have shown, that discontinuous rhGH regimens are equally effective, if a higher rhGH is used (29) (this was the case in the study setting before EMA approval).

The majority of our cohort remained short. More than 75% of the non-syndromic patients, but only 42% of the syndromic patients reached a height within their target height range. This might be due to the fact, that MPH was significantly shorter in the non-syndromic group. The difference to MPH (AH SDS – MPH SDS) of the non-syndromic group, if applying AH for chronological age rather than for 21 years of age (in order to compare our results to other publications), is very similar to most published results (14, 15, 28) and to the meta-analysis published by Maiorana et al. (30). This underlines the importance of a careful evaluation of published results regarding rhGH treatment outcome in SGA cohorts (inclusion or not of growth hormone deficient patients, syndromic patients and patients suffering from bone dysplasia, the number of included patients, MPH) as well as the expression of outcome (AH SDS based on chronological age or on SDS for 21 years) in order to interpret correctly the effect of rhGH therapy. Table 5 provides an overview of the results of the so far published SGA cohorts with documented AH and their inclusion criteria.

However, in terms of height gain, our study showed that no significant difference in total height gain was observed between syndromic and non-syndromic SGA patients. Syndromic patients were more severe SGA, were shorter and lighter before growth hormone therapy, and ended up shorter after growth hormone therapy, but the height gain was comparable.

This contrasts with the results of Adler et al, who describe in a multivariant analysis a worse response to growth hormone in their syndromic SGA subcohort. This study included a significant number of SGA patients suffering from a bone dysplasia in their syndromic subgroup, which might have caused the lower height gain (12).

In our study, the height gain after one year was equivalent in both groups, as was the percentage of non-responders. The percentage of syndromic SGA patients with a delta height gain of more than 0.3 SDS during the first year (81%) was comparable to published results regarding syndromic SGA (16).

However, the growth pattern was different in the two groups. Following a comparable height gain in the first year of therapy, syndromic patients grew better before puberty. Height and age at start of puberty were comparable in syndromic and non-syndromic patients. So, as syndromic patients started rhGH treatment at a younger age than non-syndromic SGA patients, they already had a longer treatment period before reaching puberty, which might have resulted in the greater prepubertal height gain.

The pubertal height gain of syndromic patients was lower, thus they ended up shorter than non-syndromic patients. This could be due to the fact, that SRS patients accounted for 15% of the syndromic patients and that SRS patients present an earlier pubertal onset (18) and an earlier adrenarche than other SGA patients (31). SRS boys with an early adrenarche are known to be taller at gonadarche but to end up as short as the boys with normal adrenarche (32). However, in our cohort, age at start of puberty was not younger in syndromic patients compared to the non-syndromic ones. We lack data on adrenarche in our cohort.

Concerning adult height, if applying the chronological SDS for adult height, the AH SDS outcome of our syndromic group corresponds to most published AH SDS of SRS patients treated with rhGH (19, 32).

For the second largest group of patients (FAS patients) in the syndromic group, no data regarding AH after rhGH and timing of puberty in a larger cohort have been published. Sparse data (based on seven patients) are available on rhGH response in the first two years indicating a worse rhGH response than observed in SRS patients (16).

SGA patients were treated with a higher rhGH dose than the EMA- approved dose. This is due to the fact, that some patients have been treated with higher rhGH doses in the setting of clinical trials preceding EMA approval. An analysis of adult height in large SGA cohorts including only patients started on a rhGH therapy after 2003 in order to evaluate the effect of the currently applied dose recommendation has not yet been published.

Our syndromic group comprised 17 patients (40%) with no defined syndrome. In 47% of these patients a genetic analysis has not been contributory. Of note, in the majority of patients no update of the genetic analysis was carried out and most patients only had a karyotype and/or a SNP analysis performed at the time of their rhGH treatment start. As the genetic field is developing fast and more and more genetic disorders are unraveled (33, 34), it is quite possible, that a molecular genetic analysis performed today in these patients would substantially decrease the number of undefined syndromes. In 9 syndromic patients, no genetic analysis has been performed. This might be due to the fact, that our cohort comprises patients who were treated more than 20 years ago, when genetic analysis was not that widely and easily available or as the patients completed the SGA criteria and had access to rhGH therapy, a further diagnostic work-up might have not been regarded as indispensable.

Another weakness of our study is, that although we have established and applied criteria to divide the patients into the syndromic and non-syndromic group, it is not excluded, that there might still be some syndromic patients in the non-syndromic group. Some syndromes have only very subtle clinical signs which might be overlooked. Further, as this study is a retrospective study based on a registry, if symptoms have not been documented in our database, patients might have been falsely classified as non-syndromic.

In conclusion, we report, that syndromic SGA patients have a similar height gain after rhGH therapy, as non-syndromic SGA patients. Hence, syndromic SGA patients should not be excluded from a rhGH therapy, nor do they have to be excluded from a SGA cohort analysis of rhGH response. Syndromic patients were significantly shorter before rhGH therapy and remained significantly shorter in stature after rhGH therapy. An AH in the normal range was achieved only in ca. 1/3 of all patients, but 73% reached an AH within their target height range.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving human participants were reviewed and approved by Comissie Medische Ethiek, VUB. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.





Author contributions

MB, MT and DB designed the study. MB, MT, JDS and DB contributed to the data collection. MT contributed to the data analysis. MB wrote the manuscript. All authors contributed to the article and approved the submitted version.





Members of the BESPEED group

Anne Rochtus2,3, Anne-Simone Parent6, Daniel Klink4, Guy Massa7, Karl Logghe1, Kathleen De Waele5, Kristina Casteels2,3, Martine Cools5 and Willem Staels8

1 AZdelta Hospital, Roeselare, Belgium

2 University Hospitals Leuven, Leuven, Belgium

3 KU Leuven, Leuven, Belgium

4 ZNA Queen Paola Children´s Hospital Antwerp, Antwerp, Belgium

5 Ghent University Hospital, Ghent

6 University Hospital Liège, Liège, Belgium

7 Jessa Hospital, Hasselt, Belgium

8 University Hospital Brussels, Brussels, Belgium





Funding

The study was funded by BESPEED (Belgian Society for Pediatric Endocrinology and Diabetology).





Conflict of interest

MB has received a travel grant form Pfizer and participated in advisory boards of Novonordisk and Pfizer.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be constructed as a potential conflict of interest.





References

1. Karlberg, J, and Albertsson-Wikland, K. Growth in full- term small-for-Gestational-Age infants: From birth to final height. Pediatr Res (1995) 38(5):733–9. doi: 10.1203/00006450-199511000-00017

2. Hokken-Koelega, ACS, De Ridder, M, Lemmen, RJ, Hartog, HD, De Muinck Keizer-Schrama, SMPF, and Drop, SLS. Children born small for gestational age: Do they catch up? Pediatr Res (1995) 38(2):267–71. doi: 10.1203/00006450-199508000-00022

3. Leger, J, Limoni, C, Collin, D, and Czernichow, P. Prediction factors in the determination of final height in subjects born small for gestational age. Pediatr Res (1998) 43(6):808–12. doi: 10.1203/00006450-199806000-00015

4. Van Pareren, Y, Mulder, P, Houdijk, M, Jansen, M, Reeser, M, and Hokken-Koelega, A. Adult height after long-term, continuous growth hormone (GH) treatment in short children born small for gestational age: results of a randomized, double-blind, dose-response GH trial. J Clin Endocrinol Metab (2003) 88(8):3584–90. doi: 10.1210/jc.2002-021172

5. Dahlgren, J, and Wikland, KA. Swedish Study group for growth hormone treatment. final height in short children born small for gestational age treated with growth hormone. Pediatr Res (2005) 57(2):216–22. doi: 10.1203/01.PDR.0000148716.71231.81

6. Carel, JC, Chatelain, P, Rochiccioli, P, and Chaussain, JL. Improvement in adult height after growth hormone treatment in adolescents with short stature born small for gestational age: Results of a randomized controlled study. J Clin Endocrinol Metab (2003) 88(4):1587–93. doi: 10.1210/jc.2002-021123

7. van Dijk, M, Bannink, EMN, van Pareren, YK, Mulder, PGH, and Hokken-Koelega, ACS. Risk factors for diabetes mellitus type 2 and metabolic syndrome are comparable for previously growth hormone-treated young adults born small for gestational age (SGA) and untreated short SGA controls. J Clin Endocrinol Metab (2007) 92(1):160–5. doi: 10.1210/jc.2006-1073

8. Ranke, MB, Lindberg, A, Cowell, CT, Wikland, KA, Reiter, EO, Wilton, P, et al. Prediction of response to growth hormone treatment in short children born small for gestational age: Analysis of data from KIGS (Pharmacia international growth database). J Clin Endocrinol Metab (2003) 88(1):125–31. doi: 10.1210/jc.2002-020867

9. Straetemans, S, Thomas, M, Craen, M, Rooman, R, and De Schepper, J. Poor growth response during the first year of growth hormone treatment in short prepubertal children with growth hormone deficiency and born small for gestational age: a comparison of different criteria. Int J Pediatr Endocrinol (2018). doi: 10.1186/s13633-018-0064-3

10. Saenger, P, Czernichow, P, Hughes, I, and Reiter, EO. Small for gestational age: short stature and beyond. Endocr Rev (2007) 28(2):219–51. doi: 10.1210/er.2006-0039

11. Beisti Ortego, A, Fuertes Rodrigo, C, Ferrer Lozano, M, Labarta Aizpun, JI, and de Arriba Muñoz, A. Adult height in short children born small for gestational age treated with growth hormone. Med Clin (Barc) (2020) 154(8):289–94. doi: 10.1016/j.medcli.2019.06.005

12. Adler, E, Lambert, AS, Bouvattier, C, Thomas-Teinturier, C, Rothenbuhler, A, de Boissieu, P, et al. Determinants of final height in patients born small for gestational age treated with recombinant growth hormone. Horm Res Paediatr  (2021) 94(1–2):52–62. doi: 10.1159/000516557

13. Lem, AJ, van der Kaay, DCM, de Ridder, MAJ, Bakker-van Waarde, WM, van der Hulst, FJPCM, Mulder, JC, et al. Adult height in short children born SGA treated with growth hormone and gonadotropin releasing hormone analog: results of a randomized, dose-response GH trial. J Clin Endocrinol Metab (2012) 97(11):4096–105. doi: 10.1210/jc.2012-1987

14. Renes, JS, Willemsen, RH, Mulder, JC, Bakker-van Waarde, WM, Rotteveel, J, Oostdijk, W, et al. New insights into factors influencing adult height in short SGA children: Results of a large multicentre growth hormone trial. Clin Endocrinol (2015) 82(6):854–61. doi: 10.1111/cen.12677

15. Ranke, MB, Lindberg, A, and Board on behalf of the KI. Height at start, first-year growth response and cause of shortness at birth are major determinants of adult height outcomes of short children born small for gestational age and silver-Russell syndrome treated with growth hormone: Analysis of data from KIGS. HRP (2010) 74(4):259–66. doi: 10.1159/000289570

16. Glińska, M, Walczak, M, Wikiera, B, Pyrżak, B, Majcher, A, Paluchowska, M, et al. Response to treatment with recombinant human growth hormone (rhGH) of short stature children born too small for gestational age (SGA) in selected centres in Poland. J Clin Med (2022) 30(11):3096. doi: 10.3390/jcm11113096

17. Toumba, M, Albanese, A, Azcona, C, and Stanhope, R. Effect of long-term growth hormone treatment on final height of children with Russell-silver syndrome. Horm Res Paediatr (2010) 74(3):212–7. doi: 10.1159/000295924

18. Binder, G, Liebl, M, Woelfle, J, Eggermann, T, Blumenstock, G, and Schweizer, R. Adult height and epigenotype in children with silver-Russell syndrome treated with GH. HRP (2013) 80(3):193–200. doi: 10.1159/000354658

19. Smeets, CCJ, Zandwijken, GRJ, Renes, JS, and Hokken-Koelega, ACS. Long-term results of GH treatment in silver-Russell syndrome (SRS): Do they benefit the same as non-SRS short-SGA? J Clin Endocrinol Metab (2016) 101(5):2105–12. doi: 10.1210/jc.2015-4273

20. Niklasson, A, Ericson, A, Fryer, JG, Karlberg, J, Lawrence, C, and Karlberg, P. An update of the Swedish reference standards for weight, length and head circumference at birth for given gestational age (1977-1981). Acta Paediatr Scand (1991) 80(8–9):756–62. doi: 10.1111/j.1651-2227.1991.tb11945.x

21. Villar, J, Cheikh Ismail, L, Victora, CG, Ohuma, EO, Bertino, E, Altman, DG, et al. International standards for newborn weight, length, and head circumference by gestational age and sex: the newborn cross-sectional study of the INTERGROWTH-21st project. Lancet (2014) 384(9946):857–68. doi: 10.1016/S0140-6736(14)60932-6

22. Villar, J, Giuliani, F, Fenton, TR, Ohuma, EO, Ismail, LC, Kennedy, SH, et al. INTERGROWTH-21st very preterm size at birth reference charts. Lancet (2016) 387(10021):844–5. doi: 10.1016/S0140-6736(16)00384-6

23. Roelants, M, Hauspie, R, and Hoppenbrouwers, K. References for growth and pubertal development from birth to 21 years in Flanders, Belgium. Ann Hum Biol (2009) 36(6):680–94. doi: 10.3109/03014460903049074

24. Blethen, SL, Baptista, J, Kuntze, J, Foley, T, LaFranchi, S, and Johanson, A. Adult height in growth hormone (GH)-deficient children treated with biosynthetic GH. J Clin Endocrinol Metab (1997) 82(2):418–20. doi: 10.1210/jcem.82.2.3734

25. Cole, TJ. Some questions about how growth standards are used. Horm Res (1996) 45(Suppl 2):18–23. doi: 10.1159/000184843

26. Tanner, J. Use and abuse of growth standards. In:  F Falkner, and JM Tanner, editors. Human growth, ed 2, vol. 3 . New York: Plenum Press (1986). p. 95–109.

27. Coutant, R, Carel, JC, Letrait, M, Bouvattier, C, Chatelain, P, Coste, J, et al. Short stature associated with intrauterine growth retardation: final height of untreated and growth hormone-treated children. J Clin Endocrinol Metab (1998) 83(4):1070–4. doi: 10.1210/jcem.83.4.4750

28. Campos-Martorell, A, Fernández-Cancio, M, Clemente León, M, Mogas Viñals, E, Fàbregas Martori, A, Carrascosa Lezcano, A, et al. Seventy eight children born small for gestational age without catch-up growth treated with growth hormone from the prepubertal stage until adult height age. an evaluation of puberty and changes in the metabolic profile. Endocrinol Diabetes Y Nutrición (English ed) (2021) 68(9):612–20. doi: 10.1016/j.endien.2021.11.024

29. Zegher, FD, Albertsson-Wikland, K, Wollmann, HA, Chatelain, P, Chaussain, JL, et al. Growth Hormone Treatment of Short Children Born Small for Gestational Age: Growth Responses with Continuous and Discontinuous Regimens Over 6 Years. (2000) 85(8):6.

30. Maiorana, A, and Cianfarani, S. Impact of growth hormone therapy on adult height of children born small for gestational age. Pediatrics (2009) 124(3):e519–531. doi: 10.1542/peds.2009-0293

31. Patti, G, Malerba, F, Calevo, MG, Schiavone, M, Scaglione, M, Casalini, E, et al. Pubertal timing in children with silver Russell syndrome compared to those born small for gestational age. Front Endocrinol (Lausanne) (2022) 13:975511. doi: 10.3389/fendo.2022.975511

32. Binder, G, Schweizer, R, Blumenstock, G, and Ferrand, N. Adrenarche in silver-Russell syndrome: Timing and consequences. J Clin Endocrinol Metab (2017) 102(11):4100–8. doi: 10.1210/jc.2017-00874

33. Freire, BL, Homma, TK, Funari, MFA, Lerario, AM, Vasques, GA, Malaquias, AC, et al. Multigene sequencing analysis of children born small for gestational age with isolated short stature. J Clin Endocrinol Metab (2019) 104(6):2023–30. doi: 10.1210/jc.2018-01971

34. Homma, TK, Freire, BL, Honjo Kawahira, RS, Dauber, A, Funari MF de, A, Lerario, AM, et al. Genetic disorders in prenatal onset syndromic short stature identified by exome sequencing. J Pediatr (2019) 215:192–8. doi: 10.1016/j.jpeds.2019.08.024




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Becker, Thomas, Brachet, Heinrichs, Dotremont, De Schepper, Lysy, Beckers and the BESPEED group. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-14-1112938-g003.jpg
1.50

Height gain SDS

o e = [
v ~N (=] N
o v o (]

S
N
4]

0.00

p=0.0048

* ||

After 1yr GH  Atstart puberty At end GH ther

therapy

B Syndromic SGA

® Non-syndromic SGA

At adult height





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Growth response of syndromic versus non-syndromic children born small for gestational age (SGA) to growth hormone therapy: a Belgian study

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Material and methods

        

          		

            2.1 Subjects

          



          		

            2.2 Methods

          



          		

            2.3 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Cohort characterization

          



          		

            3.2 Syndromic versus non-syndromic SGA patients: Comparison of baseline characteristics

          



          		

            3.3 Syndromic versus non-syndromic SGA patients: Comparison of response to rhGH

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Members of the BESPEED group

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-14-1112938-g001.jpg
- SGA (BW and/orBL < -2 SDS)

- Aged > 15 years (girls) / > 18 years (boys) in 7/2020
- Treated with GH on a daily regimen

- GH therapy has been stopped

554

220 74 with duration of GH therapy < 2 years

49 with a height SDS at start > -2.5 SDS

1 patient with incomplete data

430
‘ 33 treated with GnRH analogues or aromatase
397 inhibitors

20 with a chronic disease possibly interfering
377 with growth

l I
W | ——
. =

.

105 with no adult height J
272






OEBPS/Images/table2.jpg
A Syndromic versus non-syndromic SGA patients: Birth parameters and parental heights

Syndromic SGA Non-Syndromic SGA Comparison of the 2 groups
n=42 =230
median o n (%) P90 median or n (%)

Gender Mle/Female | 30 1%)12 (25%) 127 (55%) 103 (15%) pr00s1

Binth weight $DS am 436 226 E » peo00nt
Binth length SDS 09 28 s ae o017
estationsl ag (k) 380 30 400 »0 s w00 s peo7t
Fathers he DS 01 35 a5 s pe00ts
Mothers htSDS 098 25 o s s om0 nspeoa2
MPH SDS 0 P 003 10 a5 as peoo22

8: Syndromic versus non-syndromic SGA patients: Anthropometric parameters and pubertal status before start of thGH therapy

Syndromic SGA Non-Syndromic SGA Comparison of the 2 groups
n=4 n=230
median or n (%) median orn (%) P10

Atstart GH

Ageyms 743 w0y 1021 s 10

In puberty. (%) 405% 90569

Height sDS a3 60 | 2e 07 | 2e

Heigh SDS minus MPH SDS 23 138 74 08

wight SDS 406 s | 2 291 18

BMISDS 70 R R 20 | o

ot = a0t ntficet.





OEBPS/Images/table4.jpg
Group 1: Syndromic Group 2: Non-syndromic  Comparison of the 2 groups

n=42 n=230

medianorn (%) P10 medianorn (%) P10
At end of GH therapy
Ageyns 1601 i s 1616 150 p-030
HeightSDS 207 439 08 a8 093 peo0lss
Heght gain SDS 130 o035 200 13 057 208 nspe099
At near adult height
Ageyrs 752 1529 2075 2y 1495
Heght SDS for CA 28 495 198 2% 07
Haight SDS 21 yo 259 49 a4z an 530 a2
Hoght.cm male 1655 102 1708 1655 1580 178 ns peo0sIZ
Heght. cm el 183 w0 1552 1523 w2 s pe0091
Height SDS 21 yr <:2.n (%) 3001 194 (63%) nspe027
Heght SDS minus MPH Az 3% 0w 052 178 049 pevooor
HUSDS 21 e minus MPH 170 379 om 078 2 o peoooor
Height (em) in MPH range 1 (%) 16 62%) 173 (9%) peoooor
“Totl heightgoin SDS 21 yr- 076 070 s 036 on s s pe0al
‘ol height gain SDS >1, n (%) 25 (60%) 193 62%) mpe075
“Totl height gain SDS 21 yr>1,n (%) 16 G8%) 9 @3%) e pe035
“Total pubertal hight i SDS. o028 Al ou1 055 1 00001
Dursion G 35 a0 na 550 30 975 pevooor
Treamt inerruption,n (%) 5% 1% nspeoa7
Totlinerrption time yr 300 w0 180 o 29 nspeo10
Mean dose mykg day 007 0039 0084 o0 0035 0056

T





OEBPS/Images/table3.jpg
Syndromic SGA Non-syndromic SGA Comparison of the 2 groups

42 n=230

median or n (%) median or n (%) P10

After 1 year GH

Age yrs 8.60 5.33 13.30 11.24 6.45 15.04 p=0.0006
Height SDS -3.04 -5.04 -1.85 -2.51 -3.24 -1.93 p=0.0286
Height SDS minus MPH SDS -1.79 -3.91 -0.89 -1.22 -2.30 -0.25 p<0.0001
Weight SDS -3.38 -5.65 -1.46 -2.37 -3.54 -1.27 p=0.0001
BMI SDS -1.62 -3.13 -0.02 -1.03 -2.20 0.20 p=0.0033
Delta ht SDS 1st yr 0.54 0.24 0.94 0.56 0.26 0.92 ns p=0.94
Delta ht SDS 1st yr>0.5, n (%) 22 (52%) 134 (58%) ns p=0.48
Delta ht SDS 1st yr>03, n (%) 34 (81%) 192 (83%) ns p=0.69
At start of puberty

Age yrs 12.56 10.86 13.98 12.39 10.41 14.30 ns p=0.66
Age yrs in males 13.03 1145 14.86 13.09 11.64 14.57 ns p=0.68
Age yrs in females 1141 10.35 12.56 11.55 9.77 13.56 ns p=0.75
Height SDS -2.35 -4.01 -0.99 -2.46 -3.47 -1.48 ns p=0.59
Height SDS minus MPH SD$ -1.43 -2.86 0.32 -1.06 -2.31 0.13 ns p=0.081
Weight SDS -2.21 -3.58 -0.83 -2.22 -3.34 -0.92 ns p=0.49
BMI SDS -1.01 -3.13 -0.12 -111 -2.33 0.36 ns p=0.38
Delta ht SDS before puberty* 1.26 0.27 2.50 0.83 0.16 175 p=0.0048

*Only including prepubertal patients under rhGH therapy.
ns = not significant.





OEBPS/Images/fendo-14-1112938-g002.jpg
Height SDS

| p=0. 0286

p=0.0253

At start At1lyr

M Syndromic SGA

p=0.0188

At start End GH ther
puberty

¥ Non-syndromic SGA

p=0.0107

At adult
height





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/table1.jpg
Syndromes

Silver-Russell syndrome

Fetal alcohol syndrome

3M syndrome

Becker dystrophia

Di George syndrome

Klinefelter

Mulvihill -Smith syndrome

Ohdo Blepharophimosis syndrome

Pierre Robin Sequence

Ring chromosome 11

Ring chromosome 7 in mosaicism
Renpenning syndrome

VATER syndrome

Seckel syndrome

Non defined syndromes

17





OEBPS/Images/table5.jpg
Publications ~ Number Mean/ Mean/ Mean/ Inclusion/ Exclusion of patients who

of SGA  Median adult Median Median exclusion of started rhGH after onset
patients height [cm] adult height syndromic of puberty
height gain patients
[SDS*] [SDS*]
Coutant et al. 70 mean mean mean exclusion no
27) -2.0 -0.8 +1.0
Van Pareren 54 mean mean mean mean inclusion of SRS, yes
etal. (4) 2160.1 -1.1 -0.9 +1.8 other syndromic
3169.3 (33 meg/ patients excluded
kg/d)
Carel et al. (6) 102 mean mean mean mean inclusion prepubertal or early pubertal
Q151 -2.1 -12 +1.1 stage included
3162
Dahlgren et al. 77 mean mean mean mean exclusion, except 1 yes
(5) Q159 -1.2 -1.2 +1.3 SRS patient
3172
Ranke et al. 161 median median median median inclusion (55 SRS yes (min. 2 years prepubertal
15) Q1485 B2 -0.8 +14 patients) thGH)
31619
Renes et al. 136 mean median median median exclusion Prepubertal or early pubertal
(14) Q159 ?-1.9 -0.6 +1.1 stage included
3171.6 3-18
Beisti Ortego 80 mean mean mean exclusion no
etal (11) -1.63 -1.41 +0.96
Becker et al,, 272 median median median median Inclusion, analysis in no
2023 Q152 ?-2.07 -1.36 +1.13 separated groups
31655 3-195

*SDS based on chronological age.
9 = female; ¢ = male.





OEBPS/Images/fendo.2023.1112938_cover.jpg
& frontiers | Frontiers in Endocrinology

Growth response of syndromic versus non-
syndromic children born small for
gestational age (SGA) to growth hormone
therapy: a Belgian study





