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Abstract

Introduction: Shwachman-Diamond syndrome (SDS) is a rare, autosomal recessive multisystemic disorder characterized by pancre-
atic insufficiency and bone marrow failure. Short stature is a recognized feature of SDS syndrome; however, systemic data concerning
recombinant human growth hormone (rCH) treatment are limited.

Aim of the study: To assess the effect of rGH treatment in patients with SDS.

Material and Methods: Retrospective data were collected from patients with SDS and growth hormone deficiency (GHD) treated
with rGH in the Children’s Memorial Health Institute in Warsaw. The annual growth velocity (GV) and height standard deviation score
(SD) were compared for up to 2 years of rGH treatment.

Results: Six SDS patients (M : F = 1 : 5) treated with rGH were identified. The median age of starting rGH therapy was 7.5 years,
with a mean baseline height SD of —4.06 (range: —6.3 to —2.3 SD). The height SD significantly improved to 3.3 (p = 0.002) and
then —3.03 (p = 0.002), following 1 and 2 years of treatment, respectively. The average GV for the patients prior to starting treatment
was 4.9 cm/year (range: 3.1-6.5 cm/year), which significantly improved to 7.6 cm/year (range: 5.7-9.6 cm/year) after 1 year of rGH
treatment (p = 0.020) and to 6.7 cm/year at the end of 2 years.

Conclusions: Our study has shown that rGH treatment significantly improves the height SDS and GV of patients with SDS and GHD
without any side effects. Further research is required to analyse the long-term effect of rGH therapy in patients with SDS.
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Streszczenie

Woprowadzenie: Zesp6t Shwachmana-Diamonda (SDS) jest rzadka, genetycznie uwarunkowang wielouktadowa choroba, charakte-
ryzujaca sie niewydolnoscia zewnatrzwydzielnicza trzustki, zaburzeniami hematologicznymi oraz wadami ko$éca. Niskorostos¢ jest
czesta cecha SDS, jednak dane dotyczace leczenia rekombinowanym ludzkim hormonem wzrostu (rGH) sa ograniczone.

Cel pracy: Ocena efektoéw leczenia rGH dzieci z zespotem Shwachmana-Diamonda.

Materiat i metody: Retrospektywne dane zebrano od pacjentéw z SDS i niedoborem hormonu wzrostu (GHD) leczonych rGH w In-
stytucie ,Pomnik — Centrum Zdrowia Dziecka” w Warszawie. Roczne tempo wzrastania (GV) i odchylenie standardowe (SD) wzrostu
oceniono przez okres 2 lat leczenia rGH.

Wyniki: Zidentyfikowano szesciu pacjentéw z SDS (M : K = 1 : 5) leczonych rGH. Mediana wieku, w ktérym rozpoczeto terapie
rGH, wynosita 7,5 roku, ze $rednim poczatkowym SD wzrostu wynoszacym —4.06 (zakres: od —6.3 do —2.3 SD). SD wzrostu istotnie
poprawito sie do —3.3 SD (p = 0,002), a nastepnie —3.03 SD (p = 0,002), odpowiednio po roku i dwdch latach leczenia. Srednie
GV pacjentéw przed rozpoczeciem leczenia wynosito 4,9 cm/rok (zakres: 3,1-6,5 cm/rok), nastepnie istotnie wzrosto do 7,6 cm/rok
(zakres: 5,7-9,6 cm/rok) po roku leczenia hormonem wzrostu (p = 0,020) i do 6,7 cm/rok po 2 latach leczenia.
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Whioski: Analiza wykazata, ze leczenie rGH znaczaco poprawia SD wzrostu i GV u pacjentéw z SDS i GHD, bez zadnych skutkéw
ubocznych. Konieczne sg dalsze badania, aby przeanalizowa¢ diugoletnie efekty terapii rGH u pacjentéw z SDS.

Stowa kluczowe:

hormon wzrostu, niedobér wzrostu, zespét Shwachmana-Diamonda.

Introduction

Shwachman-Diamond syndrome (SDS) is a rare autosomal
recessive disorder characterized by pancreatic exocrine insuf-
ficiency, immune deficiency, bone marrow failure, and skeletal
abnormalities [1]. Shwachman-Diamond syndrome is also as-
sociated (in about 15%) with increased risk of developing my-
elodysplastic syndrome (MDS) and acute myeloid leukaemia
(AML) [2].

In 2002, the SBDS gene was described as involved in the syn-
drome and identified on chromosome 7g11 [3]. The mutations
258+2T>C and 183-184TA>CT are found in >90% of the affec-
ted alleles and are associated with reduced SBDS protein levels
[4]. Nevertheless, it has recently been reported that other genes,
including DNAJC21, EFL1, and SRP54 are also associated with
an SDS-like phenotype [5-7]. All genes associated with SDS are
involved in ribosome biogenesis, strengthening the postulate that
SDS is a ribosomopathy [4]. Approximately 90% of patients with
clinical manifestations consistent with SDS have mutations of the
SBDS gene. However, the negative result of genetic evaluation
should not exclude the diagnosis. A precise clinical evaluation is
significant to diagnose the presence of the syndrome [1]. SDS is
diagnosed on the basis of clinical criteria, namely marrow failure
and exocrine pancreatic dysfunction [1]. Significant variability in
clinical phenotype, even within families, exists [8].

Short stature is a recognised feature found in approxima-
tely 70-80% of patients with SDS [9-12]. The pathophysiology
for short stature in SDS remains unclear. Several clinical studies
reported that growth failure is mainly due to inadequate nutrient
intake in the presence or in the absence of feeding difficulties,
pancreatic insufficiency, and recurrent infections. After diagnosis
and the start of an appropriate therapy, the growth rate is resto-
red to a normal level in most of the children with SDS, even tho-
ugh it consistently remains below the third percentile for height
and weight [11]. Moreover, some patients with SDS have been
diagnosed with growth hormone (GH) deficiency [9-14].

The majority of studies demonstrated that SDS patients pre-
sent with growth failure; nevertheless, systematic data concer-
ning those features are limited. Therefore, we have decided to
examine the effect of recombinant human GH (rGH) treatment
of children with SDS more closely.

The aim of this study is to evaluate the effect of rGH treat-
ment on a cohort of patients with SDS, GHD, and short stature
during the first 2 years of treatment.

Material and methods

Patients
The study involved 6 patients (5 girls and 1 boy) with SDS
and growth hormone deficiency (GHD) treated with rGH at the
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Endocrine Department of the Children’s Memorial Health Insti-
tute (CMHI) in Warsaw, Poland between 2005 and 2020. The
SDS diagnosis was based on the clinical criteria proposed by
Dror et al. in 2011 [1] and confirmed by molecular diagnostics
in all patients (MEDGEN, Poland).

Data were collected retrospectively from paper medical no-
tes, and information was transferred to an electronic database.
The study protocol was consistent with the Helsinki declaration
and was approved by the IRB (33/KBE/2018). Written parental
consent was obtained in all cases.

Clinical and anthropometric data

The endocrinological assessment included data on clinical
history and physical examination with pubertal staging. Collec-
ted information included duration of rGH treatment to date and
growth velocity (GV) in cm/year for each year on medication.

Axiological parameters including body height, weight, and
BMI (w/h?; w = weight in kilograms, h = height in metres) were
collected in all patients following standard protocol. Measure-
ments were undertaken during the outpatient appointments at
the Department of Anthropology at CMHI. Data were standar-
dized and referred to the average values of the population of
healthy Polish children [15], expressed as standard deviation
score (SD) separately for girls and boys, according to the for-
mula: standard deviation score = (X examined — X population)/
SD of the population. Short stature was defined as height below
-2.0 SD for age and gender. Parental heights were used to cal-
culate mid-parental height (MPH).

Endocrine test results were collected and compared with
age-appropriate reference ranges established in the clinical la-
boratory of CMHI. Growth hormone deficiency (GHD) was diag-
nosed if stimulated peak of GH on 2 standard stimulation tests
(with clonidine, glucagon, and/or arginine) were < 10 ng/ml
(radioimmunoassay). Additionally, all patients underwent IGF-I
(radioimmunoassay) and IGFBP-3 (chemiluminescent immuno-
assay) measurements.

Bone age was analysed using the Greulich and Pyle method.

Exocrine pancreatic insufficiency (EPI) was defined as fa-
ecal fat quantities above 5 g/day. 72-hour-fecal fat quantifica-
tion used the modified van de Kamer method, which remains
the gold standard for diagnosing EPI with fat maldigestion. For
faecal fat quantification using modified van de Kamer method,
samples were pooled over a 3-day period while consuming their
normal diet. Enzyme replacement therapy, if implemented, was
withheld 7 days before stool collection. In patients who had more
than 1 test, the highest result was taken into consideration [16].

Statistical methods
The results were analysed with variables expressed as me-
dian or mean values and SDS, and statistics were determined
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using the t-test, with a P-value of less than 0.05 being classed
as statistically significant.

Results

Patients’ characteristics

Six patients (M : F = 1 : 5) with SDS, short stature, and GH
deficiency on rGH therapy were identified and analysed. The
average age at the start of the treatment course was 7.5 years
(range: 4.8-11.5 years). All patients were of Caucasian and Po-
lish origin with the median age at diagnosis of 5.5 years (ran-
ge: 0.7-12.5 years). The median gestational age was 38 weeks
(range: 33-41 weeks) and the median weight at birth was
—-1.4 SD (ranging from —2.4 to —0.8 SD). All the patients presen-
ted with exocrine pancreatic insufficiency and were on pancrea-
tic enzyme replacement therapy during the observation period.

Skeletal abnormalities such as metaphyseal dysostosis,
cupping of the anterior ribs, delayed bone age, osteoporosis,
clinodactylies, and thoracic dystrophy were found in the analy-
sed group of patients. Thoracic dystrophy led to a preliminary
diagnosis of Jeune syndrome or asphyxiating thoracic dys-
trophy (ATD) in 1 patient. Other endocrinology diseases such
as hypothyroidism (2 patients) and congenital hypopituitarism
(1 patient) were also diagnosed in this cohort. The patients’
characteristics are shown in Table I.

Endocrinologic assessment

Baseline IGF-1 and IGF-BP3 were assayed before the be-
ginning of treatment, and the mean IGF-1 level was 116.2 ng/mL
(range: 63.4-199 ng/ml), and IGF-BP3 was 2.2 ug/ml (range:
1.5-2.9 ug /ml). GH stimulation tests were undertaken in all pa-
tients prior to starting rGH treatment. Baseline stimulated GH
levels averaged 5.5 ng/ml (range: 2.0-8.7 ng/ml). All patients
had their bone age (BA) analysed with one results within nor-
mal limits (BA 5.0 years and chronological age [CA] 5.2 years).
Five patients showed delayed BA (1. BA 3.5 years and CA
5.8 years; 2. BA 4.3 years and CA 4.9 years; 3. BA 8.0 years
and CA 11.5 years; 4. BA 6.5 years and CA 8.1 years; 5. BA
6.0 years and CA 9.2 years). All patients were pre-pubertal prior
to starting the treatment (Table II).

The mean treatment duration was 2.9 years (ranging from
2.5 to 8 years). The average starting dose of rGH treatment was
0.21 milligrams per kilogram per week (mg/kg/wk). The dose was
adjusted during the course of treatment according to the respon-
se, and the maximum mean dose was 0.22 mg/kg/day (range:
0.21-0.23 mg/kg/day). One patient required rGH dose reduction
after 1.5 years of treatment due to high IGF-1 level — 505 ng/ml
(range: 188-515). Following treatment, the mean IGF-1
improved to 217.5 ng/ml (range: 165-278 ng/ml) after 1 year,
and to 342 ng/ml (range: 212-482 ng/ml) after 2 years (Table Ill).

The mean baseline height was —4.06 SD (ranging from —6.3
to —2.3). After 1 year of treatment, the mean height improved to
-3.3 SD, which was statistically significant (p = 0.0021, ranging
from —4.9 to —1.9). The mean height SD continued to improve
at the end of 2 years following treatment, to —=3.03 (p = 0.0021,
ranging from —4.9 to —1.6; Table Ill).

Table I. Patients’ characteristics

Patients’ characteristics Study cohort (n = 6)

Gender, M : F 1:5
Gestational age, weeks 38 [33-41]
Preterm 1(17)

Weight at birth, SD —1.4 [from —-2.46 to -0.79]

Length at birth, SD 0.4 [from -0.7 to 1.4]

Age at diagnosis, years 5.5[0.7-12.5]
Pancreatic insufficiency 6 (100)
Neutropaenia 6 (100)

Heart problems 1(17)
Skeletal abnormalities 6 (100)
Hypothyroidism 2 (33)
Congenital hypopituitarism 1(17)

SD - standard deviation score
Values are n, n (%) or median [range]. The percentage is given in
brackets and refers to the total count of patients.

The mean GV for the patients prior to starting treatment was
4.9 cm/year (ranging from 3.1 to 6.5 cm/year), which significan-
tly improved to 7.6 cm/year (ranging from 5.7 to 9.6 cm/year)
after 1 year of GH treatment (p = 0.02). The GV for the second
year of therapy remained above baseline with an average of
6.7 cm/year (p = 0.20 compared to baseline GV; Table Il).

Discussion

In the general population, growth deficiency occurs in 2.5%
of children, making it the most common reason for referral to
a paediatric endocrinologist [17, 18]. In daily clinical practice,
the question of growth deficiency predictably arises in children
with common genetic disorders such as Turner syndrome,
Down syndrome, and Noonan syndrome [19], or better known
diseases as Diamond-Blackfan anaemia [20]. The diagnosis of
growth deficiency due to growth hormone deficiency (GHD) in
children with other genetic disorders is challenging, partly due
to the lack of a true gold standard, and the relatively poor cor-
relation of growth and the genes residing in the critical chromo-
somal locus [21].SDS is a rare disease without a well-defined
prevalence. Severe growth retardation (particularly in length/
height) is one of its typical features, which can be alleged to
be linked to the genetic cause of the disease [11, 13, 22]. Me-
taphyseal chondrodysplasia, a well-known feature of SDS, may
contribute to the shorter stature in about one-third of patients
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Table Il. Baseline demographic data of SDS patients treated with rGH

Phenotypic information Subjects
1 2 3 4 5 6
Gender F F F F F M
Age at rGH start, years 5.8 4.9 11.5 52 8.1 9.2
Height, SD -3.36 -3.17 -6.3 -5.51 -3.78 -2.25
Bone age, years 35 45 8.0 5.0 6.5 6.0
IGF-1, ng/ml 63.4 64.5 199 103 149 118
(59-297) (42-257) (188-515) (59-297) (59-297) (75-311)
IGFBP-3, ug/ml 2.3 2.97 1.83 1.55 2.74 1.83
(2.06-3.32)  (2.24-4.95) (2.34-4.64) (1.66-3.59) (2.47-4.5) (2.02-4.7)
Peak GH (stim test 1), ng/ml 5 7.3 49 59 6.1 3.4
Peak GH (stim test 2), ng/ml 7.9 6.3 4.7 8.7 2.0 4
Tanner stage 1 1 1 1 1 1
MPH, SD 0.27 -0.1 0.2 -0.9 -0.1 0.52

rGH — recombinant human growth hormone; SD — standard deviation score; IGF-1 — insulin-like growth factor 1; IGF-BP3 — insulin-like growth factor
binding protein 3; GH — growth hormone; MPH — mid parental height

Table Ill. The effect of growth hormone therapy on growth velocity and height standard deviation score

Phenotypic information Subjects
1 2 3 4 ) 6
Gender F F F F F M
Age at rGH start, years 5.8 4.9 11.5 5.2 8.1 9.2
rGH start dose (mg/kg/week) 0.2 0.2 0.23 0.23 0.2 0.2
Year 1 IGF-1 (ng/ml) 165 172 233 210 247 278
(569-297) (42-276) (188-515) (59-297) (188-515) (85-553)
Year 2 IGF-1 (ng/ml) 212 224 444 219 469 482
(59-297) (59-297) (214-753) (59-297) (188-515) (85-553)
Baseline GV (cm/year) 5.1 5.6 31 6.5 5.0 4.0
Year 1 GV (cm/year) 7.7 7.2 5.7 9.6 7.3 8.0
Year 2 GV (cm/year) 7.5 6.8 5.6 6.7 59 7.6
Baseline height, SD -3.36 -3.17 -6.3 -5.51 -3.78 -2.25
Year 1 height, SD —2.67 —2.58 -4.94 -4.35 -3.25 -1.98
Year 2 height, SD —2.31 —2.24 -4.91 -3.98 -3.16 -1.58

rGH — recombinant human growth hormone; SD — standard deviation score; GV — growth velocity; GH — growth hormone; MPH — mid parental height

90 © Copyright by PTEIDD 2021



Growth hormone in Shwachman-Diamond syndrome
Leczenie hormonem wzrostu zespotu Shwachmana-Diamonda

Pediatr Endocrinol Diabetes Metab 2021

with SDS [10]. However, short stature in SDS should not be
dismissed as simply part of the syndrome, as we identified gro-
wth hormone deficiency in 7 (37%) of the 19 patients in our
previous study. Similar to our results, Dealoprta et al. in the
Greek Registry of Shwachman Diamond-Syndrome showed
growth hormone deficiency in 3 (27%) of the 11 patients requi-
ring growth hormone therapy [13]. Additionally, rGH treatment
has been previously reported in several cases [10, 11, 13, 14,
23, 24]. One GHD patient who had associated hypogamma-
globulinaemia responded to rGH treatment [23] and another
did not [14]. Data regarding the effect of rGH therapy on final
adult height in patients with SDS remains limited.

Jlvani et al. published in 2016 a unique case of SDS pre-
senting with congenital hypopituitarism. A male infant was
diagnosed with GHD and ACTH deficiency. Subsequently rGH
(0.3 mg/kg/week) and hydrocortisone treatment was started
with good response and without any side effects [24]. Similarly
to our findings, a girl was diagnosed with adrenal insufficien-
cy during the diagnosis of hypoglycaemia and cholestasis at
3 months of age. Subsequently, hydrocortisone treatment was
started. The endocrinologic evaluation due to short stature at
the age of 4 years also showed GH deficiency, and rGH treat-
ment was started (patient no. 4, Tables Il and Ill). She was also
diagnosed with thoracic dystrophy, which resulted in a prelimi-
nary mistaken diagnosis of Jeune syndrome. Schaballie et al.
in 2013 conducted a retrospective study describing 11 Belgian
patients with genetically confirmed diagnosis of SDS. The aut-
hors presented 4 out of 11 patients who were misdiagnosed
as having asphyxiating thoracic dystrophy (Jeune syndrome)
because of severe thoracic dystrophy [25].

To the best of our knowledge, this study is the first analysis
of the effect of growth hormone therapy in children with SDS.
The results of the study show that the height SD in patients with
SDS significantly improved in the first 2 years of GH therapy
compared to baseline. GV improved significantly during the first
year of GH treatment and remained higher than baseline for the
second year.

In 2017 Delaporta et al. undertook a study in a cohort of
11 patients registered in the Greek Registry of Shwachman
Diamond-Syndrome. Similarly to our results, the authors des-
cribed 2 patients who received the treatment around puberty
with moderate response [13].

Typical skeletal changes are present in all patients with
SDS; however, their severity and location change with age [26].
In the analysed group, all the patients had skeletal changes,
but only 4 presented such abnormalities in the physical exami-
nation. The characteristic changes included delayed appearan-
ce of secondary ossification centres, metaphyseal dysostosis,
and generalized osteopaenia [26]. All the patients in the cohort
showed osteopaenia in the bone mineral density measure-
ments. According to Rosendahl et al. and Toiviainen-Salo et al.,
who studied bone mineral density, bone biopsies, and vitamin
D and K status in SDS patients, there is a primary defect of
bone metabolism in children affected with SDS [27, 28]. Scre-
ening for bone mineral density and vitamin D level should be

performed in all SDS patients. The delayed bone age assessed
in 5 (83%) of our SDS patients, similarly to Schaballie et al. fin-
dings [25], improved the prediction of their final height.

In other genetic syndromes rGH therapy has shown benefit,
particularly when initiated at an early age. Patients with earlier
age at rGH initiation and longer duration of rGH therapy de-
monstrated the best results of treatment [29]. Similarly, growth
hormone initiation in early childhood has been shown to impro-
ve not only height but also body composition, lipid profiles, and
intestinal absorption. The explanation of these findings is con-
nected with proliferative effects of GH upon intestinal epithe-
lium. It also influences enteroendocrine cell secretion calcium
absorption, and intestinal amino acid and ion transport [30].

Finally, potential concerns have been raised about the sa-
fety of rGH treatment in patients with SDS, especially in tho-
se with bone marrow aplasia. SDS is characterized by a high
propensity for the development of myelodysplastic syndrome
(MDS) and leukaemia, specifically acute myelogenous leuka-
emia (AML) — with an estimated risk of 36% at age 30 years
[31]. All the patients in our study tolerated the medication well
and were regularly followed up by an immunologist, a gastroe-
nterologist, and an endocrinologist. No specific side effects
related to rGH treatment were noted in these patients. The re-
views and studies discussed have also demonstrated GH the-
rapy to be safe with no significant side effects [13, 23, 24].
rGH has been thought to trigger proliferation of normal and
malignant cells. Current literature has not found an association
between GH therapy and increased risk of malignant disorders
in patients who are not more likely to be predisposed to cancer
from a genetic condition [32]. Potential risks and benefits of
rGH therapy should be carefully considered prior to treatment.
Growth hormone treatment should be conducted to maintain
serum IGF-1 in the mid-normal range for age. There are only
limited data regarding the increased risk of cancer in patients
with SDS, who are treated with rGH. A retrospective report on
the long-term effects of rGH therapy in patients with SDS is
needed to assess the efficiency and safety of GH treatment.

Conclusions

Growth hormone treatment in children with SDS significan-
tly improves both GV and height SD during treatment sustained
for up to 3 years. Very short children with SDS can be treated
successfully with GH to restore stature to levels comparable to
less affected patients. Careful consideration of the individuali-
zed benefit of rGH therapy versus risk is important in view of
the long-term underlying malignancy risk in SDS. Further rese-
arch is required to understand the impact of rGH on final adult
height.
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