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1. Wykaz stosowanych skrétéw

AGA
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Ht24

HV

AHV
HVO0

HV12
HV24
IGF-1
IGFBP-3

IoR
U
IUGR

MPH
n

PI
PWS
rhGH

SD
SGA
SH
SMPT
SNP
SRS
WK

(ang. appropriate for gestational age) — prawidtowo rozwiniety w odniesieniu
do wieku cigzowego

asymetryczna hipotrofia

(ang. acid labile subunit) — kwasolabilna podjednostka

(ang. fetal alcohol syndrome) — ptodowy zespot alkoholowy

(ang. growth hormone) — hormon wzrostu

(ang. height) — wysokos¢ ciata

réznica w wysokosci ciata

(ang. height) — wysokos$¢ ciata w momencie kwalifikacji do leczenia

(ang. height) — wysokos¢ ciata po 12 miesigcach terapii

(ang. height) — wysokos¢ ciata po 24 miesigcach terapii

(ang. height velocity) — tempo wzrastania

réznica w tempie wzrastania

(ang. height velocity) — tempo wzrastania w momencie kwalifikacji do
leczenia

(ang. height velocity) — tempo wzrastania po 12 miesigcach terapii

(ang. height velocity) — tempo wzrastania po 24 miesigcach terapii

(ang. insulin-like growth factor 1) — insulinopodobny czynnik wzrostu typu 1
(ang. insulin-like growth factor binding protein type 3) — biatko wigzace
insulinopodobny czynnik wzrostu typu 3

(ang. index of responsiveness) — indeks reaktywnosci

(ang. international unit) — jednostka miedzynarodowa

(ang. intrauterine growth retardation/ restriction) — zahamowanie
wewnatrzmacicznego wzrastania ptodu

(ang. mid parental height) — $redni wzrost rodzicow

(ang. number) — liczba

(ang. ponderal index) — wskaznik wagowo-wzrostowy

(ang. Prader-Willi Syndrome) — zespot Pradera-Williego

(ang. recombinant human growth hormone) — rekombinowany ludzki hormon
wzrostu

(ang. standard deviation) — odchylenie standardowe

(ang. small for gestational age) — zbyt maly w stosunku do wieku cigzowego
symetryczna hipotrofia

System Monitorowania Programéw Terapeutycznych

somatotropinowa niedoczynno$¢ przysadki

(ang. Silver-Russel Syndrome) — zespot Silvera-Russela

wiek kostny
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2. Nota informacyjna

Niniejsza rozprawe doktorska pt. ,,Ocena odpowiedzi na leczenie ludzkim rekombino-

wanym hormonem wzrostu (thGH) niskorostych dzieci urodzonych jako zbyt mate do czasu

trwania cigzy (SGA) w populacji z szesciu osrodkéw uniwersyteckich w Polsce” stanowi cykl

dwoch artykuléw oryginalnych, ktérych jestem pierwsza autorka. Artykuly opublikowano

w migdzynarodowych czasopismach. Wskaznik cytowan (ang. Impact Factor — IF) dla cyklu

wymienionych prac (wg Thomson Reuters Journal Citation Reports) wynosi 7,8 oraz 280

punktéw Ministerstwa Nauki 1 Szkolnictwa WyZszego.

Rozprawe doktorska stanowig nastepujace publikacje:

1.

Marta Glinska, Mieczystaw Walczak, Beata Wikiera, Beata Pyrzak, Anna Majcher, Monika
Paluchowska, Aneta Gawlik, Aleksandra Antosz, Marcin Kusz, Artur Bossowski, Karolina
Stozek, Anna Wedrychowicz, Jerzy Starzyk, Elzbieta Petriczko 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, 11,
3096. https://doi.org/10.3390/jem11113096; IF 3,9; MNiSW 140 pkt.

Marta Glinska, Mieczystaw Walczak, Beata Wikiera, Beata Pyrzak, Anna Majcher, Monika
Paluchowska, Aneta Gawlik, Aleksandra Antosz, Marcin Kusz, Artur Bossowski, Karolina
Stozek, Anna Wedrychowicz, Jerzy Starzyk, Elzbieta Petriczko, Difficulties in Interpreting
IGF-1 Levels in Short Stature Children Born Small for Gestational Age (SGA) Treated
with Recombinant Human Growth Hormone (thGH) Based on Data from Six Clinical
Centers in Poland. J. Clin. Med. 2023, 12, 4392. https://doi.org/10.3390/jcm12134392; IF
3,9; MNiSW 140 pkt.

Zgodnie z Rozporzadzeniem Ministra Nauki i Szkolnictwa Wyzszego z dnia 30

pazdziernika 2015 r. (§5.2) do pracy zostaly dotaczone oswiadczenia kandydata oraz pozosta-

tych wspotautorow publikacji okreslajace indywidualny wkiad w powstawanie prac stanowig-

cych rozprawe doktorska.


https://doi.org/10.3390/jcm11113096
https://doi.org/10.3390/jcm12134392
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3.1. Epidemiologia niskorostosci w przebiegu SGA

Problem niskorostosci stanowi jeden z gtownych obszaréw zainteresowan pediatrii
1 endokrynologii dziecigecej. Wraz z postepem nauki i poszerzeniem mozliwosci diagnostycz-
nych wprowadzono nowe terapie poprawiajace wzrastanie w wybranych grupach pacjentow.
Badania nad hormonem wzrostu (ang. growth hormone, GH) oraz jego klinicznym zastosowa-
niem w leczeniu zaburzen wzrastania obejmuja ponad 100 lat. Poczatek leczenia preparatem
GH pochodzenia ludzkiego przypada na lata 1958-1985. Woéwczas m.in. stwierdzono, ze
leczenie GH przynosi korzysci rowniez w populacji pediatrycznej. Od roku 1985, w momencie
pojawienia si¢ nowych mozliwos$ci, w tym genetyki molekularnej, technologii rekombinacyjnej
1inzynierii genetycznej, leczenie rekombinowanym ludzkim hormonem wzrostu (ang. recombi-
nat human growth hormone, thGH) stalo si¢ standardem terapii niskorostosci[1]. Obecnie
leczenie thGH uwazane jest za bezpieczne, ale kazdorazowo wymaga $cistego monitorowania
w trakcie prowadzenia terapii.

Istnieje kilka grup chorych, ktorzy po przeprowadzeniu szczegdtowej diagnostyki
moga by¢ kwalifikowani do terapii thGH. W Polsce sg to chorzy z (1) somatotropinowg
niedoczynnoscig przysadki (SNP); (2) przewlekla chorobg nerek; (3) dziewczynki z zespotem
Turnera; (4) chorzy z zespolem Pradera-Williego oraz (5) dzieci urodzone jako zbyt male
w poréwnaniu do czasu trwania cigzy (SGA lub IUGR) (ang. small for gestational age, SGA;
intrauterine growth restriction, [UGR).

Szacuje si¢, ze na calym $wiecie okolo 3-10% dzieci rodzi si¢ z niskg masg
urodzeniowq. Hipotrofie definiuje si¢ jako urodzeniowag mase¢ ciata <10 centyla dla wieku
cigzowego, co dla donoszonego noworodka urodzonego w terminie odpowiada mniej wigcej
masie ciata <2 500 g. Wedtug danych Gtownego Urzedu Statystycznego, w Polsce w 2019 roku
urodzito si¢ okoto 21 000 noworodkow z masa urodzeniowg ponizej 2 500 g, co stanowito
5,46% wszystkich zywych urodzen [2].

Wiekszo$¢ dzieci urodzonych z matg masg ciata przyspiesza wzrastanie 1 dorownuje
normom populacyjnym w ciggu pierwszych 6—12 miesigcy zycia. Okoto 10% dzieci nie
wykazuje efektu nadganiania tzw. catch-up growth 1 wymaga dalszych interwencji diagnostycz-
nych i terapeutycznych. Istniejg dowody na to, ze zaréwno niekorzystne srodowisko wewnatrz-

maciczne, jak 1 szybki przyrost masy ciala po urodzeniu u matych dzieci urodzonych jako SGA

9
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przyczyniaja si¢ do zwigkszenia ryzyka rozwoju choréb przewleklych i niskiego wzrostu
w dorostosci. W Polsce niskorosto$§¢ w przebiegu SGA od 2015 roku stanowi wskazanie do
leczenia rhGH. Wedtug danych Polskiego Rejestru Leczenia Hormonem Wzrostu, w 2021 roku
1 077 dzieci z rozpoznaniem SGA otrzymywato leczenie hormonem wzrostu. Liczba leczonych
w 2023 roku wzrosta i wynosita 1 298, a 256 chorym zakonczono leczenie.

Istnieja dwie definicje SGA — pierwsza odnosi si¢ do urodzeniowej masy ciata
ponizej 10 centyla dla czasu trwania cigzy. Mozna ja dodatkowo rozszerzy¢ o niedostateczng
dtugos¢ ciata 1 obwodu glowy w stosunku do wieku cigzowego. Druga definicja, przyjeta
w 2006 1. przez migdzynarodowe towarzystwa endokrynologiczne — International Society for
Pediatric Endocrinology oraz Growth Hormone Research Society — okre$la SGA jako mase
i/lub dlugos¢ ponizej 2 odchylen standardowych dla $redniej dla wieku ciagzowego 1 plci
(<=2 SD) [3].

SGA w 40-80% przypadkow jest nastgpstwem wewnatrzmacicznego opdznienia
i ograniczenia rozwoju (IUGR). Zgodnie z definicjg mianem [UGR okresla si¢ niedostateczng
mase i/lub dtugo$¢ ciata ptodu i/lub noworodka w stosunku do oczekiwanych [4]. W celu oceny
rozwoju plodu stosuje si¢ okreslone markery ultrasonograficzne, ktére okresla si¢ przy okazji
kazdej kontrolnej wizyty prenatalnej. Obejmujg one m. in. ocen¢ wymiaru dwuciemieniowego
ptodu, wymiaru poprzecznego mézdzku, obwodu glowy, brzucha czy dlugosci kosci udowe;.
Uzyskane pomiary wprowadza si¢ do programoéw ulatwiajgcych interpretacje w oparciu
o formuly matematyczne i odpowiednie bazy danych [5].

W trakcie wizyty prenatalnej nalezy takze oceni¢ przeplywy w tetnicach macicznych
metoda Dopplera, ktoére pokazujg adaptacje hemodynamiczng ptodu oraz wydolnos$¢ tozyska
[5]. Wigkszo$¢ przypadkow wewnatrzmacicznego zahamowania wzrastania powstaje z powodu
niewydolnosci tozyska, co skutkuje niewystarczajacym transferem sktadnikow odzywczych
1 tlenu od matki do rozwijajacego si¢ ptodu w czasie cigzy [6]. Konsekwencja ograniczonej
podazy sktadnikow odzywczych jest zmniejszona proliferacja komoérek ptodowych. Sytuacja
ta utrudnia wzrost komorek 1 tkanek ptodu, w tym powoduje zmniejszenie podziatu komorek
w plytkach wzrostowych kos$ci dtugich, co prowadzi do skrocenia dlugosci konczyn [7, 8].

Dziecko urodzone z hipotrofig (zaréwno z SGA, jak i [UGR) obarczone jest zwigkszo-
ng chorobowoscia od urodzenia. Wyrodznia si¢ chorobowo$¢ wczesng, obejmujaca okres
noworodkowy, oraz p6zng. W konteks$cie leczenia hormonem wzrostu bardziej istotna wydaje
si¢ by¢ chorobowos¢ pdzna, obejmujaca szereg zaburzen, w tym:

1. zaburzenia wzrastania, niskorostos¢;

2. choroby uktadu sercowo-naczyniowego;

10—
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3. sktonno$¢ do wystepowania zaburzen lipidowych i gospodarki weglowodanowe;j (insulino-
oporno$c¢), co w konsekwencji moze prowadzi¢ do rozwoju zespotu metabolicznego;
adrenarche praecox i szybko postepujace dojrzewanie;

subkliniczng niedoczynno$¢ tarczycy;

zaburzenia neurologiczne;

N o o A

postepujace pogorszenie funkcji nerek i nadci$nienie tetnicze.

W swoim profilu dziatania hormon wzrostu, oprocz dzialania poprawiajacego
wzrastanie, wywiera korzystne dzialanie metaboliczne, w tym w zakresie profilu lipidowego,
utrzymania prawidlowego cisnienia krwi, poprawy sktadu masy ciata i zwickszenia gestosci
mineralnej kosci [9]. Efekty te w przypadku grupy chorych z SGA sa jednak przejsciowe,
obserwowane w trakcie prowadzenia terapii, a jedynym trwalym efektem leczenia rhGH jest
poprawa ostatecznej wysokosci ciata [10].

Doktadny patomechanizm niskorostosci u dzieci urodzonych jako SGA nie zostat
jeszcze poznany [11]. Sam proces wzrastania jest skomplikowany, zalezny od wielu czynnikow
endo- i egzogennych. Nieprawidtowosci w funkcjonowaniu osi GH/IGF-1 u dzieci z IUGR
moga mie¢ rozne przyczyny. Defekt moze dotyczy¢ zarowno struktury hormonu wzrostu,
mechanizmu jego uwalniania, jak i zdolno$ci organizmu do przetwarzania sygnatu postrecepto-
rowego [12]. W niektorych przypadkach opisuje si¢ wystgpowanie odmiennej wersji czasteczki
hormonu wzrostu, znanej jako izoforma 20-kDa. Ta izoforma jest mniej aktywna biologicznie
niz dominujaca 22-kDa, ktorag stwierdza si¢ u zdrowych dzieci. Ponadto, u dzieci urodzonych
z cigzy powiktanej IUGR, istnieje podejrzenie, ze proces wydzielania hormonu wzrostu moze
by¢ zaburzony [13].

Skutecznos¢ dziatania hormonu wzrostu zalezy réwniez od 1losci dostgpnych recepto-
row oraz ich zdolnosci do przetwarzania sygnatow. W przypadku niektorych dzieci z IUGR
podejrzewa sig, ze organizm moze by¢ tylko czgsciowo wrazliwy na dziatanie hormonu wzrostu
lub moze wystgpowac¢ opornos¢ na dzialanie hormonu wzrostu czy IGF-1. Nieprawidtowo$é
moze wystepowac na réznych etapach przekazywania sygnaléw w organizmie [14].

Wpltyw na wzrastanie maja rowniez czynniki hormonalne: m.in. niedobdr hormonu
wzrostu, obnizone st¢zenie IGF-1 czy niedoczynnos$¢ tarczycy.

Uwarunkowania genetyczne oraz fakt, Zze u znacznego odsetka dzieci urodzonych
z SGA stwierdza si¢ warianty genetyczne lub rozpoznaje konkretne zespoty genetyczne, czesto
w swoim obrazie posiadajace zaburzenia odzywiania 1 wzrastania, jeszcze bardziej utrudnia
jednoznaczne okres$lenie mechanizméw powstawania niskorostosci [15]. Wraz z postgpem

nauki oraz wzrostem dostepnosci panelowych badan genetycznych mozliwa bgdzie bardziej
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szczegotowa diagnostyka i dokladniejsze przewidywanie wzrastania u oséb urodzonych

z hipotrofig wewnatrzmaciczng.

3.2. Kwalifikacja do leczenia rhGH

W Polsce kwalifikacja do terapii hormonem wzrostu przebiega zgodnie z jednolitymi
wytycznymi nadzorowanymi przez Zespot Koordynacyjny ds. Stosowania Hormonu Wzrostu.

Kryteria kwalifikacji obejmuja: niskorostos¢, tj. wysoko$¢ ciata ponizej 3 centyla dla
wieku 1 plci oraz uposledzone tempo wzrastania <—1 SD w odniesieniu do tempa wzrastania
wedtug norm populacji polskiej; wiek >4 lat; stezenie GH >10 ng/ml, ustalone na podstawie
wynikow co najmniej dwdch sposrdd czterech testow stymulacji wydzielania hormonu wzrostu
(testy z klonidyna, L-Dopa, argining lub insuling); masa ciata lub dtugos$¢ przy urodzeniu
<—2 SD dla wieku cigzowego 1 pici zgodnie z normami populacyjnymi; wiek kostny (WK)
<l4lat u dziewczat i WK <16 lat u chtopcow (oceniany metoda Greulich’a-Pyle’a);
wykluczenie przeciwwskazan do terapii GH za pomoca tomografii komputerowej lub
rezonansu magnetycznego obszaru podwzgorzowo-przysadkowego oraz wykluczenie innych
przyczyn niskiego wzrostu. Wszystkie te kryteria musza zosta¢ spetnione.

Pacjenci z cechami dysmorficznymi w momencie kwalifikacji do leczenia thGH
poddawani sg dodatkowym badaniom genetycznym. Diagnoza FAS jest stawiana na podstawie
oceny klinicznej, charakterystycznych cech dysmorfii i historii naduzywania alkoholu przez
matke w czasie cigzy. W przypadku klinicznego podejrzenia zespotu Silvera-Russela (ang.
Silver-Russel syndrome, SRS) przeprowadza si¢ dedykowane badania genetyczne. Przed
rozpoczeciem leczenia wszystkie dziewczeta o niskim wzroscie muszg mie¢ wykonang oceng
kariotypu. Nalezy pamietaé, ze grupa pacjentdow z SGA jest bardzo heterogenna i czeg$¢
pacjentdw, pomimo stwierdzenia cech dysmorficznych, nie ma ostatecznie ustalonego
rozpoznania genetycznego.

Pacjenci zakwalifikowani do programu leczenia thGH zobowigzani sg do uczestnictwa
w wizytach kontrolnych — poczatkowo co 3 miesigce w ciggu pierwszego roku leczenia,
pézniej co 6 miesigcy (+3 miesigce). Podczas wizyt przeprowadza si¢ badania kontrolne
wymagane w ramach programu (w tym pomiary antropometryczne, badania laboratoryjne
1 ocen¢ wieku kostnego), a uzyskane dane raportuje si¢ w dokumentacji pacjenta oraz
w Systemie Monitorowania Programow Terapeutycznych (SMPT) — centralnym rejestrze
dedykowanym Programom Lekowym w Polsce.

Ogolne kryteria zakonczenia terapii GH obejmuja: ztuszczanie glowy kosci udowej;

pseudotumor cerebri; cukrzyce; rozpoznanie lub nawrot choroby proliferacyjnej; brak zgody
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pacjenta (lub prawnego opiekuna) na kontynuacje¢ leczenia lub niestosowanie si¢ do zalecen
lekarza prowadzacego; niezadowalajacy efekt leczenia zdefiniowany jako réznica w tempie
wzrastania <2 cm/rok; wiek kostny >14 lat u dziewczynki 1 wiek kostny >16 lat u chiopca;
znacznie pogorszone zaburzenia proporcji ciata; duze wrodzone wady wplywajace na
podstawowe funkcje zyciowe; aberracje chromosomowe zwigzane z podwyzszonym ryzykiem
chorob proliferacyjnych; podwyzszone stezenie IGF-1 w stosunku do wieku i ptci utrzymujace

si¢ >3 miesiecy od czasowego zawieszenia terapii hormonem wzrostu.

3.3. Ocena odpowiedzi na leczenie rhGH

Do oceny skuteczno$ci i efektéw terapii hormonem wzrostu stosuje si¢ obiektywne
parametry uzyskiwane w trakcie wizyt kontrolnych. Najczesciej stosowane 1 w dostgpnym
pisSmiennictwie wymieniane jako najbardziej miarodajne sa pomiary wysoko$ci ciata oraz
ocena tempa wzrastania. Do wykonywania pomiar6w powinno si¢ uzywac tego samego sprzetu
w trakcie kazdej wizyty kontrolnej, tj. stadiometru posiadajacego doktadnos$¢ do jednego
milimetra oraz posiadajacego legalizacj¢ Glownego Urzedu Miar. Uzyskane warto$ci
przeksztatca si¢ w odchylenia standardowe (ang. standard deviation, SD) 1 analizuje.

Za dobrg odpowiedz na leczenie uznaje si¢ roznice w wysokosci ciata wyrazona w SD
wigksza badz réwna 0,3 (AHt SDS >0,3) i/lub poprawe tempa wzrastania o min. 3 cm/rok (AHV
>3 cm/rok).

Niektorzy autorzy postuluja wprowadzenie modeli predykcyjnych wzrastania.
Przygotowano model dla pacjentow z rozpoznaniem SNP [16]. Dodatkowo podjeto probe
wprowadzenia nowego parametru — tzw. indeksu reaktywnosci (ang. index of responsiveness,
IoR), ktory porownuje obserwowane tempo wzrastania w pierwszym roku terapii do
przewidywanego tempa wzrastania oszacowanego na podstawie modelu przewidywan [17].
Ostatnio zaproponowano takze modele przewidujace docelowa wysokos$¢ po pierwszym roku
leczenia [18]. Aktualnie brak jest opracowanego modelu dedykowanego dla polskiej populacji
lub pacjentow z rozpoznaniem SGA, a poniewaz nie ustalono doktadnej wiarygodnos$ci
proponowanych modeli predykcyjnych, do dnia dzisiejszego dokladne pomiary antropo-

metryczne stanowig najlepszy sposob oceny leczenia [19].

3.4. Czynniki wptywajgce na odpowiedz na leczenie rhGH w grupie pacjentow
SGA

Przez lata prowadzenia terapii stwierdzono szereg czynnikow wptywajacych na

odpowiedZz na leczenie hormonem wzrostu [20]. Najlepiej udowodnionym czynnikiem
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pozytywnie wptywajacym na odpowiedz na leczenie jest wiek w momencie rozpoczecia terapii
[21]. Im mlodsze dziecko w momencie rozpoczecia leczenia z uzyciem rhGH, tym wieksza
szansa na wywotlanie efektu catch-up 1 przyspieszenie wzrastania. Wedlug polskich i europe;j-
skich wytycznych leczenie thGH u dzieci urodzonych jako SGA mozna rozpocza¢ po ukoncze-
niu 4. roku zycia [3]. W Stanach Zjednoczonych Ameryki proponuje si¢ rozpoczecie leczenia
juz po ukonczeniu 2 roku zycia [22].

Kolejnym udowodnionym czynnikiem jest stopien pokwitania, ktory jest bezposrednio
zwigzany z wiekiem pacjenta. Najlepsze efekty obserwowane sg u dzieci w okresie przed-
pokwitaniowym i na wczesnym etapie pokwitania (I 1 II stopien pokwitania wg skali Tannera)
[23]. Niemniej udowodniono, ze wprowadzenie hormonu wzrostu u pacjentOw z zaawanso-
wanym pokwitaniem w pierwszym roku leczenia wywoluje efekt nadganiania i poprawia
prognoze wysokosci ciata po zakonczeniu wzrastania [24].

Innym omawianym czynnikiem jest zaawansowanie wieku kostnego oraz jego roznica
mie¢dzy wiekiem kalendarzowym pacjenta. Im wigksza rdznica tym lepszy efekt leczenia [25].
Zwigzane jest to m.in. z opdznieniem zarastania chrzastek wzrostowych kosci dtugich.

W piSmiennictwie zwraca si¢ uwage fakt, ze dzieci urodzone z niskg masg ciala
statystycznie cze$ciej prezentujg objawy przedwczesnego lub przyspieszonego pokwitania oraz
bardziej zaawansowany wiek kostny w stosunku do réwiesnikéw urodzonych z prawidiowa
masg ciata (ang. apropriate for gestational age, AGA), co przektada si¢ na pogorszenie tempa
wzrastania i poglebia niskorostosé [26, 27].

Dawka hormonu wzrostu wptywa na odpowiedZ na leczenie. Udowodniono, Ze
pacjenci urodzeni jako SGA wymagaja wyzszej dawki hormonu od pacjentow z niedoborem
hormonu wzrostu w przebiegu SNP [28]. W Polsce dawka hormonu wzrostu jest ujednolicona
w catym kraju i1 zgodnie z wytycznymi Programu Lekowego wynosi 0,48—1,29 IU/kg/tydz.
(0,16-0,43 mg/kg/tydz.), optymalnie ok. 0,75 IU/kg/tydz. (0,25 mg/kg/tydz.) [29]. Dawka ta
jest zgodna z europejskimi wytycznymi [30].

We wczesniejszych badaniach postulowano, ze typ hipotrofii moze wplywaé na
odpowiedzZ na leczenie hormonem wzrostu [31]. W zalezno$ci od pomiaréw antropometrycz-
nych i obliczonego PI (ang. ponderal index), noworodki z IUGR mozna podzieli¢ na dwie
grupy: z symetryczng hipotrofig (SH) lub z asymetryczng hipotrofiag (AH). U podioza kazdego
typu lezy inny mechanizm — za SH zazwyczaj odpowiada szkodliwy czynnik obecny od
poczatku cigzy (np. naduzywanie alkoholu, palenie, choroby matki), natomiast za AH — p6zna
niewydolnos¢ tozyska lub warianty genetyczne [32]. Aktualnie uwaza si¢, Ze typ hipotrofii nie

wpltywa na odpowiedz na leczenie thGH [33].
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Wybrane czynniki wptywajace na odpowiedz na leczenie przedstawiono w Tabeli 1.

Tabela 1. Czynniki wptywajace na odpowiedz na leczenie rhGH

Czynniki wptywajace na odpowiedz na leczenie rhGH

Wiek w momencie rozpoczecia leczenia

Stopien pokwitania

Zaawansowanie wieku kostnego

Dawka hormonu wzrostu

Rozpoznanie podstawowe

Uwarunkowanie genetyczne (np. opornos¢ receptorowa na GH)

Stezenie IGF-1

Czas trwania terapii

Regularnos¢ podawania preparatu, compliance

Stopien odzywienia

Choroby towarzyszace (np. niedoczynnos$¢ tarczycy, celiakia)

Pochodzenie etniczne

Czynniki socjoekonomiczne, psychologiczne

3.5. Dziatania niepozgdane zwigzane z leczeniem rhGH

Leczenie rekombinowanym hormonem wzrostu (thGH) moze wigza¢ si¢ z réoznymi
dziataniami niepozadanymi. Do najcze$ciej wymienianych w kontekscie populacji pediatrycz-
nej nalezg odczyn miejscowy po podazy leku, bole wzrostowe konczyn, bol glowy, mozliwe
poglebienie si¢ wady postawy (w tym skoliozy), jatowa martwica koSci, pseudotumor cerebri
czy zaburzenia gospodarki weglowodanowej lub lipidowej [34]. W celu zapobiegania
rozwojowi powaznych powiktan kazdy chory ma obowigzkowo wykonywany szereg badan
kontrolnych, ujetych w Programie Lekowym [29].

Jako efekt dziatania hormonu wzrostu obserwuje si¢ takze podwyzszenie st¢zenia
IGF-1 w surowicy krwi. Z jednej strony $wiadczy to o skutecznos$ci leczenia, gdyz GH poprzez
IGF-1 stymuluje chrzastki wzrostowe do podziatu, jednak z drugiej strony istniejg badania

sugerujace zwigkszone ryzyko wystgpienia nowotworéw wtornie do zbyt wysokiego stezenia
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IGF-1 [35, 36]. Zgodnie z najnowsza wiedzg leczenie thGH oraz przejSciowo podwyzszone
stezenie IGF-1 uwaza si¢ za bezpieczne, a stwierdzony zwigzek ze zwigkszonym ryzykiem
wystgpienia choroby nowotworowej obserwowano w grupie pacjentéw, u ktorych leczenie GH
zostalo zastosowane po zakonczonym leczeniu pierwszej choroby nowotworowej [36, 37].
Niemniej, zgodnie z aktualnymi wytycznymi, podwyzszone st¢zenie IGF-1 powyzej normy dla
wieku i ptci przez okres dtuzszy niz 3 miesigce stanowi wskazanie do czasowego przerwania

lub zakonczenia terapii hormonem wzrostu.

3.6. Rola insulinopodobnego czynnika typu 1 (IGF-1)

Ocena stezenia IGF-1 jest wymieniona jako jeden z obowigzkowych i jednoczes$nie
najwazniejszych testow wykonywanych podczas rutynowych wizyt kontrolnych u pacjentow
leczonych thGH. Wykazano, Zze wzrost stezenia IGF-1 pozytywnie koreluje z odpowiedzia na
leczenie [38].

Z drugiej strony, stezenia IGF-1 znacznie powyzej zakresu referencyjnego moga
zwigksza¢ ryzyko miazdzycy lub nowotworow ztosliwych [39]. Modyfikacja dawki rhGH
zalezy od warto$ci IGF-1. Przy zastosowaniu optymalnego dawkowania thGH chorzy moga
osiggna¢ maksymalne korzy$ci w zakresie wysokosci, sktadu ciata i wynikéw metabolicznych,
jednocze$nie minimalizujac wystgpowanie zdarzen niepozadanych zwigzanych z leczeniem
rhGH.

Insulinopodobny czynnik wzrostu 1 (IGF-1) jest matym biatkiem sktadajacym sig
z dwoch tancuchow, A 1 B, polaczonych mostkami dwusiarczkowymi, wraz z peptydem C
o dtugosci 12 aminokwasow. Jego synteza jest regulowana przez gen /GF'1 zlokalizowany na
dtugim ramieniu chromosomu 12, a konkretnie w locus 12q22-23. Wigkszo$¢ IGF-1 jest
syntetyzowana w watrobie w procesie zaleznym od hormonu wzrostu [40]. Jego gtowny sposdb
dziatania jest endokrynny, ale wiele tkanek w organizmie rowniez generuje IGF-1, gdzie dziala
W sposob autokrynny i1 parakrynny w miejscu uwolnienia, zwtaszcza w ptytkach wzrostowych
kosci dtugich [41].

IGF-1 ma kilka efektoéw biologicznych, w tym promowanie proliferacji komorek,
réznicowanie ich, aktywno$¢ mitogenng i anaboliczng, stymulowanie migracji neuroblastow,
a takze utatwianie syntezy bialek i steroidow ptciowych [42]. Wykazuje réwniez wlasciwosci
antyapoptotyczne. Stezenia IGF-1 r6znig si¢ na rdznych etapach zycia, wzrastajac od
niemowlectwa do okresu dojrzewania, a nast¢pnie stopniowo spadajac. Interpretacja wynikéw
IGF-1 wymaga starannego rozwazenia r6znych zmiennych fizjologicznych i warunkow klinicz-

nych, ktore moga wptywac na jego stezenia. Czynniki takie jak wiek, etap dojrzewania, cigza
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1 skrajne wartos$ci wskaznika masy ciata sa szczegolnie istotne i powinny by¢ brane pod uwage
[43].

Wiekszo$¢ krazacego IGF-1 (do 99%) wystgpuje w organizmie zwigzana z biatkami
wigzacymi insulinopodobny czynnik wzrostu (ang. insulin-like factor binding proteins 1-6,
IGFBP1-6), przy czym w okoto 80% tworzy trdjsktadnikowy kompleks wraz z IGFBP-3
i podjednostka kwasolabilng (ang. acid-labile subunit, ALS). Kompleks ten nie tylko stabilizuje
hormon wzrostu, ale takze przedtuza jego obecnos¢ w krwiobiegu, utatwiajgc jego dostarczanie
do tkanek docelowych [43].

Hormon wzrostu jest wydzielany w sposob pulsacyjny i ma krétki okres pottrwania
we krwi, wynoszacy od 20 do 50 minut. Uznajac bardziej trwaly profil wydzielania IGF-1
w trakcie dnia, powszechnie uznaje si¢, ze IGF-1 jest lepszym markerem do oceny odpowiedzi
na leczenie i przestrzegania zalecen przez pacjentow w porownaniu z GH [44].

Wszystkie te czynniki nalezy wzig¢ pod uwage przy wyborze odpowiedniej metody

i czasu oceny IGF-1, aby zminimalizowa¢ potencjalne bt¢dy przedlaboratoryjne i laboratoryjne.

3.7. Czynniki wptywajace na stezenie IGF-1

Podczas analizowania kontrolnych wynikéw badan pacjentéw w trakcie leczenia
rhGH nalezy pamigta¢ o czynnikach mogacych wptywaé na stezenie IGF-1. Nadzorujac
przebieg terapii poréwnuje si¢ wartosci IGF-1 otrzymywane podczas wizyt kontrolnych
z normami laboratoryjnymi przedstawionymi przez laboratorium wykonujace oznaczenie
w danym o$rodku. Normy te tworzone s3 na podstawie grupy ztozonej z duzej liczby zdrowych
0s0b [45]. Nie opracowano dotychczas norm dedykowanych dla pacjentéw w trakcie leczenia
rhGH. Wynik oznaczenia stezenia IGF-1 ma wpltyw na decyzje terapeutyczne podejmowane

przez lekarza prowadzacego terapi¢ GH.
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W Tabeli 2 przedstawiono czynniki wptywajace na stezenie IGF-1.

Tabela 2. Czynniki wptywajace na st¢zenie IGF-1 w modyfikacji wlasnej

Czynnik

Whptyw na stezenie IGF-1

Hormon wzrostu

Bezposrednio pobudza produkcje IGF-1

Wiek Stezenie IGF-1 jest najwyzsze podczas wzrastania, maleje z wiekiem
Zywienie Wiasciwa podaz biatka jest niezbedna dla produkciji IGF-1

Aktywno$c¢ fizyczna Aktywno$c¢ fizyczna, zwtaszcza trening sitowy, zwieksza poziom IGF-1
Sen Sen wysokiej jako$ci, z fazami gtebokiego snu, sprzyja syntezie IGF-1
Choroby przewlekte Pobudzajg lub hamujg synteze IGF-1

Zaburzenia hormonalne

Zaburzenia przysadki lub podwzgdrza mogg wptywaé na wydzielanie GH
i IGF-1

Leki Niektore leki moga obnizac lub zwigkszac stezenie IGF-1

Warianty genetyczne Warianty genetyczne moga wptywaé na wydzielanie IGF-1 (np. mutacje
i delecje w genie IGFR)

Pte¢ Mezczyzni majg wyzsze stezenie IGF-1 niz kobiety

Cigza Stezenie IGF-1 wzrasta w czasie cigzy, wspierajac wzrost ptodu

Stres Silny stres moze tymczasowo wptywac na stezenie GH i IGF-1
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4. Cele pracy

1.

Ocena odpowiedzi na leczenie thGH u dzieci urodzonych jako zbyt mate w stosunku do
czasu trwania cigzy (SGA) w populacji szesciu osrodkéw akademickich w Polsce.

Ocena wartos$ci referencyjnych IGF-1 stosowanych w osrodkach prowadzacych leczenie
rhGH, poréwnanie tych warto$ci z normami populacyjnymi (przy uzyciu wartosci
referencyjnych przedstawionych przez Bedogni i wsp.) oraz ocena potrzeby modyfikacji

dawki hormonu wzrostu w zaleznosci od zastosowanej normy.
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5. Materiaty i metody

Pierwsza publikacja: Marta Glinska, Mieczystaw Walczak, Beata Wikiera, Beata
Pyrzak, Anna Majcher, Monika Paluchowska, Aneta Gawlik, Aleksandra Antosz, Marcin Kusz,
Artur Bossowski, Karolina Stozek, Anna Wedrychowicz, Jerzy Starzyk, Elzbieta Petriczko
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, 11, 3096. https://doi.org/10.3390/jcm11113096

Druga publikacja Marta Glinska, Mieczystaw Walczak, Beata Wikiera, Beata Pyrzak,
Anna Majcher, Monika Paluchowska, Aneta Gawlik, Aleksandra Antosz, Marcin Kusz, Artur
Bossowski, Karolina Stozek, Anna Wedrychowicz, Jerzy Starzyk, Elzbieta Petriczko, Difficul-
ties in Interpreting IGF-1 Levels in Short Stature Children Born Small for Gestational Age
(SGA) Treated with Recombinant Human Growth Hormone (thGH) Based on Data from Six
Clinical Centers in Poland. J. Clin. Med. 2023, 12, 4392. https://doi.org/10.3390/jcm12134392

5.1. Materiat

Ostatecznie grupg badana stanowito 235 dzieci (137 chtopcow) zakwalifikowanych
i leczonych thGH w latach 2016-2020 w ramach Programu Lekowego dedykowanego
pacjentom niskorostym urodzonym ze zbyt matg masg ciata w stosunku do czasu trwania cigzy
(SGA) w szesciu uniwersyteckich osrodkach w Polsce. Osrodkami biorgcymi udziat w badaniu
byty: (1) Klinika Endokrynologii i Diabetologii Wieku Rozwojowego Uniwersytetu Medycz-
nego im. Piastow Slaskich we Wroctawiu; (2) Klinika Pediatrii i Endokrynologii Warszaw-
skiego Uniwersytetu Medycznego; (3) Oddzial Pediatrii 1 Endokrynologii Dziecigcej z Podod-
dzialem Zaburzen Rozwoju Plci Slaskiego Uniwersytetu Medycznego w Katowicach; (4)
Klinika Pediatrii, Endokrynologii, Diabetologii z Pododdziatem Kardiologii Uniwersytetu
Medycznego w Bialymstoku; (5) Oddzial Endokrynologii Dzieci i Mlodziezy Uniwersytetu
Jagiellonskiego — Collegium Medicum w Krakowie oraz (6) Klinika Pediatrii, Endokryno-
logii, Diabetologii, Choréb Metabolicznych i1 Kardiologii Wieku Rozwojowego Pomorskiego
Uniwersytetu Medycznego w Szczecinie.

Badanie mialo charakter retrospektywny, wieloosrodkowy. Analizowano dane
antropometryczne oraz wyniki badah uzyskiwane w trakcie kwalifikacji do leczenia oraz

w trakcie rutynowych, obowigzkowych wizyt kontrolnych. Wizyty kontrolne odbywaly si¢
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w pierwszym roku leczenia co 3 miesigce, nastepnie co 6 miesi¢cy (+3 miesigce). W momencie
rozpoczynania terapii opiekunowie prawni wszystkich pacjentow wyrazili zgode na leczenie
hormonem wzrostu. Wybrane parametry oceniane w trakcie badania przedstawiono w tabeli 3.

W trakcie analizy danych do pierwszej publikacji oraz zgodnie z doswiadczeniami
wlasnymi lekarzy odpowiedzialnych za prowadzenie terapii GH zwrocono uwage na
stosunkowo wysoki odsetek pacjentdow z podwyzszonym stezeniem IGF-1, wymagajacych
redukcji dawki hormonu, przy jednoczesnej niesatysfakcjonujacej odpowiedzi na dotychcza-
sowe leczenie. Przyczynito si¢ to bezposrednio do sformutowania celu drugiej publikacji

1 podjecia proby krytycznej analizy uzywanych w codziennej praktyce norm IGF-1.

Tabela 3. Wybrane parametry oceniane w trakcie badania

Parametry oceniane Parametry oceniane

Dane z wywiadu : . . .
W momencie rozpoczecia leczenia | w trakcie wizyt kontrolnych

Wiek cigzowy (Hbd) Wiek Wysoko$¢ ciata [cm]
Ocepa w Sk.a|l Apgar w 1. i/lub Stopien pokwitania wg skali SD wysokosci ciata
5. minucie zycia Tannera
Urodzeniowa masa ciata [kg] Wysokos¢ ciata [cm] Masa ciata [kg]
SD urodzeniowej masy ciata SD wysokosci ciata BMI [kg/m?]
Wiek kostny oceniany
Urodzeniowa dtugosc ciata [cm] Masa ciata [kg] metodq Greulicha-Pyle’a
[miesigce]
SD urodzeniowej diugosci ciata BMI [kg/m2] HV [cm/rok]

Wiek kostny oceniany metodg

L ESR UL d0l Greulicha-Pyle’a [miesigce]

Stezenie IGF-1 [ng/ml]

Wysokosc¢ ojca [cm] HV [cm/rok] Dawka rhGH [mg/kg/d]
MPH [cm] Stezenie IGF-1 [ng/ml]
Powiktania okotoporodowe Dawka rhGH [mg/kg/d]

IUGR stwierdzone prenatalnie

Cigza mnoga

Cigza powiktana nikotynizmem

Cigza powiktana alkoholizmem
Cechy FAS
Zespdt Silvera-Russela

Cechy dysmorfii

Stwierdzona i leczona choroba
dodatkowa
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Badanie zostato przeprowadzone zgodnie z Deklaracja Helsinska, uzyskato pozytyw-
ng opini¢ Komisji Bioetycznej Pomorskiego Uniwersytetu Medycznego w Szczecinie
(KB.006.79.2023) oraz zostalo przeprowadzone zgodnie z zatozeniami Statutu Kliniki
Pediatrii, Endokrynologii, Diabetologii, Choréb Metabolicznych i1 Kardiologii Wieku
Rozwojowego PUM (numer statutowy WMS-123/01/S/12/2019).

Wszyscy pacjenci zostali zakwalifikowani do Programu Lekowego zgodnie
z jednolitymi kryteriami oraz uzyskali pozytywnag opini¢ Zespotu Koordynacyjnego ds.

Stosowania Hormonu Wzrostu.

5.2. Grupa badana

Do pierwszej czes$ci badania, obejmujacej oceng odpowiedzi na leczenie w calej
grupie, poczatkowo zakwalifikowano 260 pacjentéw, jednak z uwagi na brak cze$ci danych
podczas procesu weryfikacji do ostatecznego badania wtaczono 235 pacjentow (137 chtopcow).

Do drugiej czg$ci badania, obejmujacej ocene stezenia IGF-1, zakwalifikowano 235
pacjentdow, jednak z uwagi na brak oznaczenia stezenia IGF-1 w momencie kwalifikacji po
Programu Lekowego wylaczono 6 pacjentow. Ostateczng grupe badang w drugiej czesci
stanowito 229 pacjentow (134 chtopcow).

Na potrzeby pierwszej publikacji pacjentow podzielono na grupy:

1. W zaleznos$ci od obserwowanej odpowiedzi na leczenie przy zastosowaniu odpowiednich
kryteriow: (1) pacjenci ze ztg odpowiedzig na leczenie (AHt SDS <0,3 i/lub AHV <3
cm/rok) oraz (2) pacjenci z dobrg odpowiedzig na leczenie (AHt SDS >0,3 i/lub AHV >3
cm/rok)

2. W zalezno$ci od rozpoznania dodatkowego: (1) cata grupa badana (n=235); (2) pacjenci
z niecharakterystycznymi cechami dysmorficznymi, niepozwalajgcymi na jednoznaczne
rozpoznanie zespotu genetycznego (n=31); (3) pacjenci z FAS (n=15) oraz (4) pacjenci
z potwierdzonym rozpoznaniem SRS (n=9).

Na potrzeby drugiej publikacji pacjentow podzielono w zaleznos$ci od osrodka
prowadzacego terapie. Z uwagi na tg samg metode oznaczania IGF-1 oraz te same normy
laboratoryjne, pacjentow ze Szczecina i Bialegostoku zakwalifikowano do jednej grupy. W ten
sposOb otrzymano 5 grup pacjentéw: (1) Szczecin + Biatystok (n=64); Katowice (n=55);
Warszawa (n=41); Wroctaw (n=32); Krakow (n=37).

Doktadny proces kwalifikacji do badania zostat przedstawiony w obu publikacjach
w sekcji 2.1 Study Design.

Wybrang charakterystyke badanych grup przedstawiono w tabeli 4.
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Tabela 4. Wybrane cechy pacjentdow w grupach badanych

Wybrane cechy pacjentow Grupa badana Grupa badana
W momencie rozpoczecia z pierwszej publikacji z drugiej publikacii
terapii rhGH Srednia (SD) Srednia (SD)
N 235 229
Pte¢

K 98 95

M 137 134
Wiek [miesigce] 109 (35) 108 (35)
Stopien pokwitania wg skali Tannera

1 190 186

2 32 30

3 10 10

4 3 3
Urodzeniowa masa ciata, SDS -3,24 (1,16) -3,24 (1,17)
Urodzeniowa dtugo$¢ ciata, SDS -0,98 (1,54) -1,00 (1,54)
Dawka rhGH [mg/kg/d] 0,031 (0,005) 0,031 (0,005)
Wysoko$¢ ciata, SDS -3,05(0,79) -3,05(0,79)
Tempo wzrastania [cm/rok] 5,19 (1,45) nie wyliczono
BMI 14,73 (2,05) 14,73 (2,05)
Stezenie IGF-1 [ng/ml] 144 (87) 142 (84)
Wiek kostny [miesiace] 84 (39) 84 (39)

5.3. Metody

Pomiar wysokosci ciata wykonywano przy pomocy stadiometrow z doktadno$cia do
jednej dziesigtej centymetra. Pomiar wykonywano trzykrotnie i wyciggano $rednig arytmetycz-
ng. Masg ciata oceniano przy pomocy wag medycznych posiadajacych atest z doktadnoscig do
stu gram. Stopien pokwitania oceniano wg skali Tannera. Wiek kostny oceniano metoda

Greulicha-Pyle’a.
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Kalkulator wzrostowy, opracowany przez U. Smyczynska i P. Smyczynska, zostat
wykorzystany do przeliczenia parametrow antropometrycznych na odchylenia standardowe
w oparciu o polskie siatki centylowe dla dzieci warszawskich z 2001 roku [46]. Ocena
odpowiedzi na leczenie polegata na ocenie réznicy w wysokosci ciala (AHt) oraz tempa
wzrastania (AHV) miedzy rozpoczeciem leczenia a obserwacja po 12 i 24 miesigcach.

Pomiary stezenia IGF-1 przeprowadzono w laboratoriach powigzanych z o$rodkami
leczenia. U kazdego pacjenta, niezaleznie od osrodka, pobierano probke krwi na czczo podczas
porannej wizyty kontrolnej. Oznaczenie stezenia IGF-1 odbywalo si¢ w ciggu 24 godzin,
zgodnie ze standardowymi procedurami laboratoryjnymi. We wszystkich os$rodkach
uczestniczacych w badaniu st¢zenie IGF-1 oznaczano metoda immunoenzymatyczng.

W Katowicach, Warszawie 1 Wroctawiu stezenie IGF-1 oceniano za pomocg testu
immunologicznego z losowym dostepem, wykorzystujagcego wzmocniong chemiluminescencj¢
zwigzang z enzymem (CLIA) przy uzyciu systemu Siemens IMMULITE 2000 XPi
Immunoassay System (Siemens Healthcare Diagnostics Inc., Laboratory Diagnostics, 62
Flanders-Bartley Road, Flanders, NJ, USA) [47].

W Bialymstoku i Szczecinie wykonano oznaczenia metoda elektrochemiluminescencji
(ECL) dla testow immunologicznych — Elecsys® IGF-1 (analizator COBAS e 411, Roche
Diagnostics GmbH, Mannheim, Niemcy) [48].

W Krakowie stezenie IGF-1 oznaczono za pomoca testu radioimmunologicznego do
ilosciowego pomiaru in IGF-1 w surowicy (SM-C-RIA-CT firmy DIAsource ImmunoAssays
S.A., Rue du Bosquet, 2 B-1348 Louvain-la-Neuve, Belgia). Aktywno$¢ mierzono przy uzyciu
licznika promieniowania gamma WIZARD 1470 firmy PerkinElmer® (940 Winter Street,
Waltham, MA, USA) [49].

5.4. Normy stezenia IGF-1 w populacji wtoskiej (wg Bedogni i wsp.)

W trakcie analizy wynikow uzyskanych w pierwszej publikacji zwrdcono uwage na
stosunkowo wysoki odsetek pacjentow z podwyzszonym stezeniem IGF-1 oraz niezadowala-
jaca odpowiedzig na leczenie thGH. Zadecydowano o konieczno$ci oceny stezen IGF-1
w grupie badanej. Na potrzeby drugiej publikacji wyniki oznaczen stezenia IGF-1 poréwnano
zarbwno z normg lokalng, prezentowang przez laboratorium wykonujace oznaczenie, jak
1 wybrang przez autorOw normg populacyjng. Ze wzgledu na brak dostepnej normy dla
populacji polskiej, zadecydowano o wykorzystaniu normy wtoskie;j.

W tym celu wykorzystano dane dostarczone przez Bedogni i wsp. W ich badaniu

pomiary IGF-1 przeprowadzono na kohorcie 24 403 dzieci (50,6% dziewczat) w wieku od 0 do
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18 lat. Pomiary te przeprowadzono przy uzyciu chemiluminescencyjnego testu immunome-
trycznego znakowanego enzymem w fazie stalej. Wartosci referencyjne specyficzne dla wieku
1 ptci uzyskano za pomocg regresji kwantylowej w potaczeniu z wielomianami frakcyjnymi

o wielu zmiennych [50].

5.5. Analiza statystyczna

Analize statystyczng przeprowadzono z wykorzystaniem srodowiska programistycz-
nego R (,,R environment: a language and environment for statistical computing. R Foundation
for Statistical Computing”, Vienna, Austria version: 4.0.4).

Poszczegodlne grupy zostaty przedstawione za pomoca statystyki opisowej podajac: dla
danych jakosciowych — liczebno$ci oraz rozktad procentowy poszczegoélnych zmiennych; dla
danych ilosciowych — zakresy oraz $rednie.

W celu oszacowania réznic pomiedzy grupami uzyto: dla danych jako$ciowych —
testu Fisher’a.

Wartos$ci prawdopodobienstwa testowego p<0,05 uznawano za istotne statystycznie.
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6. Wyniki

6.1. Wyniki z pierwszej publikacji pt. ,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”

6.1.1. Odpowiedz na leczenie w catej grupie badanej

- Wszyscy pacjenci poprawili wzrastanie AHt SDS $rednio o 0,57 w ciggu pierwszych 12
miesigcy terapii. W drugim roku (miedzy 12-24 miesigcem) AHt SDS wynosita 0,38, co
oznacza, ze w ciagu 2 lat terapii odpowiedz na leczenie catej badanej grupy wynosita srednio
AHt SDS 0,95.

— W calej grupie badanej kryterium ztej odpowiedzi na leczenie AHt SDS <0,3 po pierwszym
roku terapii spetito 39 pacjentow (17%), podczas gdy w drugim roku byto to 66 pacjentow
(44%).

— Srednia réznica w tempie wzrastania dla calej grupy pacjentéw wynosita AHV=2,94 cm/rok
w pierwszym roku i AHV=1,84 cm/rok w drugim roku leczenia. Stu dwudziestu trzech
pacjentow (56%) spetnito kryterium AHV<3 cm/rok po pierwszym roku leczenia i 99 (73%)
w drugim roku leczenia.

— Odsetek pacjentow spetniajacych kryteria ztej odpowiedzi na leczenie w pierwszym roku
badania byt nizszy w podgrupie pacjentéw, u ktorych dojrzewanie oceniono na pierwszy

stopien w skali Tannera niz u pacjentdow z bardziej zaawansowanym dojrzewaniem.

6.1.2. Odpowiedz na leczenie w grupie pacjentow z niecharakterystycznymi cechami

dysmorfii

- Pacjenci z cechami dysmorfii (n=31) poprawili wzrastanie AHt SDS $rednio o 0,54
w pierwszym roku terapii i 0 0,35 SDS w drugim roku.

— W badanej grupie kryterium stabej odpowiedzi na leczenie AHt SDS <0,3 po pierwszych 12
miesigcach terapii spelnito pieciu pacjentéw (16%), natomiast w drugim roku — siedmioro
(37%).

— Srednie AHV w pierwszym roku terapii wynosito 2,78 cm/rok, a w drugim roku 1,95 cm/rok.
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— Siedemnastu pacjentow (59%) spetito kryterium AHV<3 cm/rok po pierwszym roku
terapii, a 11 (61%) nie poprawilo tempa wzrastania o co najmniej 3cm po drugim roku

terapii.

6.1.3. Odpowiedz na leczenie w grupie pacjentow z FAS

— Pacjenci, u ktorych zdiagnozowano alkoholowy zespdt ptodowy, mieli zarowno duzy
niedobor dtugosci ciata przy urodzeniu (dlugo$¢ urodzeniowa SDS=-1,77), jak 1 masy ciata
(masa urodzeniowa SDS=—4,24).

— Pacjenci w tej podgrupie wykazywali najwolniejsze tempo wzrastania przed leczeniem
(HV0=4,46 cm/rok vs. HVO = 5,19 cm/rok dla calej badanej grupy).

- Pacjenci, u ktorych zdiagnozowano FAS poprawili wzrastanie AHt SDS $rednio o 0,43 SDS
w pierwszym roku terapii i o AHt 0,36 SDS w drugim roku.

- W badanej podgrupie kryterium stabej odpowiedzi na leczenie AHt SDS<0,3 po pierwszym
roku terapii spetito pigciu pacjentow (33%), a po drugim roku — troje (43%).

— Sredni AHV w pierwszym roku terapii wynosit 3,09 cm/rok, a w drugim roku AHV wynosit
2,28 cm/rok.

— Siedmiu pacjentdw (54%) po pierwszym roku terapii spetniato kryterium AHV<3 cm/rok
13 (60%) w drugim roku terapii.

6.1.4. Odpowiedz na leczenie w grupie pacjentow z SRS

- Pacjenci, u ktorych zdiagnozowano zespot Silvera-Russela, byli najmniejsi przy urodzeniu
(masa urodzeniowa SDS=—4,43; dlugo$¢ urodzeniowa SDS=-2,28) i mieli najbardziej
wyrazny niedobor wysokosci ciata na poczatku leczenia thGH (HtO SDS=—4,33).

- Pacjenci w tej podgrupie byli znacznie mtodsi w momencie rozpoczgcia terapii: 84 miesigce
(7 lat) w porownaniu do 108,5 miesigca (9,04 roku) w calej badanej grupie.

- Pacjenci, u ktorych zdiagnozowano SRS poprawili wysoko$¢ ciata AHt SDS $rednio o 0,74
w pierwszym roku terapii i o AHt SDS 0,72 w drugim roku.

- Srednie AHV w pierwszym roku terapii wynosito 2,59 cm/rok, a w drugim roku AHV
wynosito 3 cm/rok.

- Zaden z pacjentéw z rozpoznaniem zespotu Silvera-Russela nie spehit kryterium AHt SDS
<0,3 w catym analizowanym okresie.

— Pigciu pacjentéw (62%) w ciagu pierwszych 12 miesigcy i1 czterech pacjentow (67%)

w drugim roku nie przyspieszyto wzrastania o 3 cm/rok.



Wyniki

6.1.5. Poréwnanie kryteridw odpowiedzi na leczenie

— W analizowanym materiale zta odpowiedz na leczenie wyrazong oboma przyjetymi
kryteriami (AHt SDS < 0,3 ORAZ AHV <3 cm/rok) wykazano u 16% wszystkich chorych
po pierwszym roku i 40% po drugim roku leczenia.

— Biorac pod uwagg ktorekolwiek z przyjetych przez nas kryteriow (AHt SDS<0,3 LUB AHV
<3 cm/rok), odsetki te byty istotnie wyzsze; odpowiednio 58% chorych po pierwszym i 77%

chorych po drugim roku leczenia.

6.1.6. Dawka hormonu wzrostu

— Srednia poczatkowa dawka rhGH wynosita 0,031 mg/kg/d (0,217 mg/kg/tydzien) i pozosta-

wata podobna przez caly okres obserwacji

6.1.7. Stezenie IGF-1

— Poczatkowo u 14 pacjentow stwierdzono niedobdr IGF-1 (warto$¢ <3 centyla dla wieku
1 ptci).

— Podczas obserwacji u wigkszos$ci pacjentéw obserwowano stezenie IGF-1 w prawidlowym
zakresie, z kilkoma przypadkami, w ktérych stezenia w trakcie kontrolnych oznaczen

znajdowaly si¢ >97 centyla.

6.1.8. Ocena wieku kostnego

- Na poczatku badania $rednia réznica pomigdzy wiekiem kalendarzowym a wiekiem
kostnym wynosita 25 miesigcy. Stosunek wieku kostnego do wieku kalendarzowego wynosit
poczatkowo 0,75 1 stopniowo wzrastat do 0,86.

- Pod koniec okresu obserwacji $rednia roznica pomigdzy wiekiem kalendarzowym
a wiekiem kostnym wynosita 16 miesigcy.

— Najwieksza poczatkowa rdznice zaobserwowano w podgrupie pacjentdw z rozpoznaniem

SRS.
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6.2. Wyniki z drugiej publikacji pt. ,Difficulties in Interpreting IGF-1 Levels in
Short Stature Children Born Small for Gestational Age (SGA) Treated with
Recombinant Human Growth Hormone (rhGH) Based on Data from Six

Clinical Centers in Poland”

6.2.1. Stezenie IGF-1 w stosunku do normy lokalnej lub populacyjnej (wioskiej)

— Na poczatku leczenia thGH 185 pacjentow (81%) pozostawato w prawidtowym zakresie
stezenia IGF-1 w odniesieniu do lokalnych norm i 215 (94%) w odniesieniu do norm
populacyjnych (wloskich). Po 12 miesigcach leczenia 56 pacjentow (24%) wykazywato
warto$ci IGF-1 >97 centyla w odniesieniu do normy lokalnej, a 8 (3,5%) w odniesieniu do
normy populacyjnej; p<0,001.

- Po 24 miesigcach leczenia wartosci te wynosity: 47 (33%) >97 centyla wedtug normy

lokalnej vs. 6 (4,2%) wedtug normy populacyjnej; p <0,001.

6.2.2. Stezenie IGF-1 w grupie pacjentdéw ze ztg odpowiedzig na leczenie
(AHt SDS <0,3)

- Po 12 miesigcach leczenia 37 pacjentéw (16%) spetito kryterium zlej odpowiedzi na
leczenie zdefiniowane przez AHt SDS <0,3 i1 64 pacjentow (44%) po 24 miesigcach leczenia.

— Po 12 miesigcach leczenia thGH u 8 (22%) pacjentow, ktérzy spehili kryterium stabej
odpowiedzi na leczenie, warto$ci IGF-1 byly podwyzszone >97 centyla dla lokalnych norm
1u 3 (8,1%) dla norm populacyjnych. Po 24 miesigcach leczenia wartosci te wynosity:
18 (28%) >97 centyla wedtug normy lokalnej vs. 3 (4,7%) wedtug normy populacyjnej;
p<0,001.

6.2.3. Pacjenci ze zredukowang dawkg rhGH z powodu podwyzszonego stezenia

IGF-1 w zalezno$ci od normy lokalnej lub populacyjnej

- Po 12 miesigcach 39 pacjentow (17%) wymagato zmniejszenia dawki hormonu wzrostu,
z czego w odniesieniu do normy lokalnej 12 (25%) mialo podwyzszony poziom IGF-1>97
centyla, a 5 (13%) w odniesieniu do normy populacyjnej; p<0,05.

— Po 24 miesigcach 35 (25%) pacjentéw wymagato zmniejszenia dawki, z czego 23 (66%)
miato podwyzszony poziom IGF-1 w odniesieniu do lokalnej normy 14 (11%) w odniesieniu
do normy populacyjnej;

- Grupa pacjentow, u ktorych nie zmniejszono dawki rthGH, obejmowala takze osoby

z podwyzszonym stezeniem IGF-1>97 centyla.
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7. Wnioski

7.1. Odpowiedz na leczenie hormonem wzrostu dzieci urodzonych jako SGA

w populacji szesciu osrodkow akademickich

1. Pomimo starannej i szczegdtowej kwalifikacji pacjentéw do programu terapeutycznego,
17% z nich nie odnosi korzys$ci z pierwszego roku terapii, a 44% z drugiego roku, biorac
pod uwagg parametr AHt SDS<0,3. Kryterium AHV<3 cm/rok wykazuje wyzszy odsetek
pacjentow ze staba odpowiedzig na leczenie (odpowiednio 56% w pierwszym roku
1 73% w drugim roku).

2. Pomimo wysokich wskaznikow stabej odpowiedzi na leczenie, zarowno Ht SDS, jak i HV
w catej badanej grupie i we wszystkich podgrupach ulegly istotnej statystycznie poprawie.
Pacjenci z SRS byli znacznie mtodsi na poczatku badania i wykazywali najlepsza
odpowiedz na leczenie, ktora utrzymywata si¢ przez caly okres obserwacji.

3. Pacjenci przed rozpoczeciem dojrzewania lepiej odpowiadali na leczenie w porownaniu
calg grupa badang. Niezaleznie od stopnia dojrzewania w momencie rozpoczecia leczenia,
najlepsza odpowiedz obserwowano po pierwszych 12 miesigcach terapii.

4. Pacjenci z alkoholowym zespotem ptodowym prezentowali najwolniejsze tempo
wzrastania przed leczeniem 1 byli najpdzniej kwalifikowani do Programu Lekowego.

5. Badanie wykazato, ze w zalezno$ci od przyjetego kryterium oceny odpowiedzi na leczenie
uzyskuje si¢ rozne odsetki pacjentow. Ocena tempa wzrastania wykazywata wyzszy
odsetek pacjentow ze ztg odpowiedzia na leczenie.

6. Dokladne monitorowanie prowadzonej terapii, indywidualne podejscie do pacjenta,
weryfikacja dawkowania, sposobu leczenia i decyzja o jego kontynuacji po roku sa
niezbedne do optymalizacji efektow leczenia.

7. W celu utrzymania dobrego HV zaleca si¢ indywidualizacj¢ dawkowania GH u dzieci
z SGA.
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7.2. Trudnosci w interpretacji stezenia IGF-1 w trakcie terapii rhGH dzieci SGA

w populacji szesciu osrodkow uniwersyteckich

1. W zaleznosci od przyjetej normy istotny odsetek dzieci ma stwierdzone podwyzszone
stezenie IGF-1 powyzej gornej granicy normy, a co za tym idzie do§wiadcza redukeji dawki
rhGH, co moze negatywnie wplywac¢ na tempo wzrostu i koncowy efekt leczenia.

2. Optymalne byloby oznaczanie stezenia IGF-1 u wszystkich pacjentow objetych
Programem Lekowym w tym samym laboratorium i przy uzyciu tej samej metody, ale jest
to trudne do osiggni¢cia w kraju o populacji podobnej do polskie;j.

3. W zwiazku z rosnaca liczba pacjentéw z niskorostoscig leczonych hormonem wzrostu
zasadne wydaje si¢ stworzenie norm IGF-1 dedykowanych kazdej z podgrup leczonych

rhGH.
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Abstract: Short stature resulting from SGA is an obligatory indication for treatment with thGH.
The aim of the study was to assess the response to thGH treatment in patients treated in the years
2016-2020 in six clinical centers in Poland. During the analysis, auxological data were collected, and
anthropometrical parameters (Ht, SDS Ht, HV and AHV) were reassessed. Subgroups of patients
with dysmorphic features (DYSM), fetal alcohol syndrome (FAS) and Silver-Russel syndrome (SRS)
were selected. The study group consisted of 235 children (137 boys). The medium initial age was
9.08 years, and 190 patients were in the prepubertal stage. The poor response to treatment was
defined as AHt SDS < 0.3 and/or AHV < 3 cm/year. Seventeen per cent of all patients after the first
year and 44% after the second year met the AHt SDS < 0.3 criterion, and 56% during the first and
73% during the second year met the AHV < 3 cm/year criterion. Our data suggest that patients with
SRS may show the best response to treatment, which was sustained throughout the follow-up period.
The best response in all subgroups was observed during the first 12 months of therapy. Although the
proportion of patients meeting the poor response criteria was high, only a few patients exceeded the
97th percentile for IGF-1 concentration during the first year of treatment. This might suggest that
increasing the dose of rhGH in the second treatment year in order to sustain accelerated HV would
be safe in these patients.

Keywords: recombinant human growth hormone; SGA; FAS; Silver-Russel syndrome

1. Introduction

The problem of short stature has for many years been one of the main issues in
paediatric endocrinology. Short for gestational age (SGA) is defined as birth weight and/or
length that is at least two standard deviations (SDS) below the mean for gestational age in
the population [1]. Intrauterine growth retardation (IUGR) can be defined as foetuses that,
for pathological reasons, have not fully exploited their growth potential [2].
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It is estimated that worldwide, about 3-10% of children are born with low birth
weight [3]. According to data from the Central Statistical Office, in Poland in 2019, about
21,000 neonates were born with a birth weight < 2500 g, which is 5.46% of all live births [4].
Most children with SGA accelerate growth and catch up with the population norm within
the first 6-12 months of life. Approximately 10% of children do not catch up and require
further diagnostic and therapeutic interventions [5]. There is growing evidence that both an
unfavourable intrauterine environment and rapid postnatal weight gain in young children
born with SGA contribute to the risk of developing chronic diseases and low growth in
adulthood. In Poland, short stature resulting from SGA has been an obligatory indication
for treatment with rhGH since 2015. According to data from the Polish National Growth
Hormone Treatment Registry, 1077 children diagnosed with SGA were receiving thGH
in 2021.

Over the years, during treatment monitoring, it has been observed that about a dozen
per cent of patients (10-20%) do not meet the criteria for a good response to treatment after
one year of therapy [5]. At the same time, it was noted that the response to treatment in the
first year is crucial in determining the patient’s prognosis in terms of final body height and
the possibility of achieving maximum benefit from the treatment provided [6].

Thus far, no clear definition of a poor (unsatisfactory) response to treatment has been
established. According to the available clinical analyses, it is proposed to use various
anthropometric parameters obtained during subsequent follow-up Vvisits, e.g., growth rate
expressed in cm/year (height velocity—HYV), the difference in body height at baseline and
body height after 12 months of treatment (AHt) expressed in SDS or cm [7].

In the available literature, there are few studies evaluating the response to thGH treat-
ment of patients with SGA in European populations, while there are no studies referring to
the Polish population [8,9]. The aim of this study was to evaluate the response to treatment
in short stature patients with SGA based on the population of patients from six university
centres providing thGH therapy in Poland and compare the usefulness of parameters for
assessing response to treatment.

2. Materials and Methods
2.1. Study Design

The study was observational in its nature. Auxological data of patients treated with
rhGH between 2016 and 2020 at six university clinical centres (Szczecin, Katowice, Wroclaw,
Krakow, Warsaw and Bialystok) were collected and analysed retrospectively.

Patients are eligible for the Polish thGH treatment programme dedicated to short
stature children with SGA according to the unified guidelines [10]. The inclusion criteria
are as follows: short stature defined by Ht < 3 percentile and AHV < —1 SDS according to
Polish population norms; age > 4 years; GH concentration > 10 ng/mL as determined by
2 of 4 growth hormone secretion stimulation tests (tests with clonidine, L-Dopa, arginine
or insulin) or by a nocturnal growth hormone secretion test (at least five GH measure-
ments); birth weight or length < —2 SD for gestational age and sex according to population
norms; BA < 14 years in girls and BA < 16 years in boys (assessed by Greulich-Pyle
method); exclusion of contraindications to GH therapy with contrast-enhanced CT or MRI
of hypothalamic-pituitary region and exclusion of other causes of short stature. All of the
criteria had to be fulfilled.

Patients with dysmorphic features at the time of qualification for thGH treatment
undergo additional genetic testing. The diagnosis of FAS is made based on clinical findings,
characteristic features of dysmorphia and a history of alcohol abuse during pregnancy.
When SRS is clinically suspected, genetic testing is performed. Prior to the treatment, all of
the short stature girls had to have karyotype testing provided. There are still patients with
dysmorphic features who, despite extensive diagnostics, do not receive a clear diagnosis of
any known genetic syndrome or chronic disease.

Once the patient is enrolled in the thGH programme, they are obliged to attend follow-
up visits—initially every 3 months during the first year of treatment, later every 6 months.
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During the visits, unified tests (including anthropometric measurements, laboratory testing
and BA assessment) are performed. For the aim of this study, data from the qualification
process as well as data from routine follow-up visits at 12 and 24 months (+3 months) were
collected using a nationwide monitoring system.

General termination criteria for the GH treatment include the following: exfoliation
of the femoral head; pseudo-tumor cerebri; diabetes mellitus; diagnosis or recurrence of
proliferative disease; lack of consent by the patient (or the legal guardian) to continue
treatment or poor compliance; unsatisfactory treatment effect defined as AHV < 2 cm/year;
BA > 14 years for a girl and BA > 16 years for a boy; significantly aggravated disorders of
body proportions; large congenital malformations impairing basic vital functions; chro-
mosomal aberrations associated with increased risk of proliferative diseases; elevated
IGF-1 levels in relation to age and sex observed 3 months after discontinuation of growth
hormone therapy.

The aim of this study was to evaluate the clinical response to thGH treatment in the
selected population. All patients included in our study group were successfully qualified for
rhGH treatment according to unified guidelines. The inclusion criteria for our study were a
short stature defined as Ht < 3 percentile or Ht < —2 SDS for the Polish population norms,
diagnosis of SGA defined as birth weight or length < —2 SD for gestational age and sex
according to population norms and treatment with growth hormone for at least 12 months.
The exclusion criteria were advanced puberty during treatment and poor compliance.

The data collection process is shown in Figure 1.

Selected short
stature patients
with SGA treated
with rhGH in 6

clinical centers
enrolled in the
study n = 260

Incomplete data
\_ during
qualification
n=25
\
Patients enrolled
in the study
n=235 i
Patients without
baseline HV
s n=17
{ +
Patients with Patients with
24-month baseline HV
observation n=218
n=151
Patients
without full HV
data after 24 |fa—
months
n=15 v

Patients with full
HV data after 24
months n = 136

Figure 1. Data collection process. SGA: short for gestational age; thGH: recombinant human growth
hormone; HV: height velocity.

2.2. Population

The study group consisted of 235 children (137 boys). The mean age at the onset
of therapy was 109 months (9.08 years). The mean bone age for the study group was
84 months (7 years). In 190 patients at the beginning of the therapy, puberty had not started
yet (Tanner stage 1); 32 patients were classified as Tanner stage 2, 10 patients as stage 3 and
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3 patients as stage 4. The mean birth weight expressed in SDS was —3.24. The mean body
height before treatment expressed in SDS was —3.05. The mean rhGH dose at the start of
treatment was 0.031 mg/kg/d. The characteristics of the study group are shown in Table 1.

Table 1. Selected background characteristics of the study group.

Uncharacteristic Features of

Characteristic All Dysmorphia FAS SRS
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
n 235 31 15 9
Gender
F 98 13 6 4
M 137 18 9 5
Ageat OE‘I;‘;;‘:;S"atment 109 (35) 100 (35) 110 (29) 84 (30)
Tanner stage at onset of
treatment
1 190 27 11 8
2 32 3 4 1
3 10 0 0 0
4 3 1 0 0
Mother’s height, SDS —1.02 (1.26) —0.41 (1.84) —0.53 (0.41) —0.89 (0.78)
Father’s height, SDS ~0.98 (1.22) ~0.75(1.17) ~0.68 (1.40) ~0.84 (1.25)
MPH 166 (13) 169 (11) 170.6 (5.1) 168.8 (6.0)
Birth weight, SDS —3.24 (1.16) —322(1.12) —4.24 (1.48) —4.43 (1.31)
Birth length, SDS ~0.98 (1.54) ~0.96 (1.40) ~1.77 (1.51) —2.28(2.34)
GHO dose [mg/kg/d] 0.031(0.005) 0.032 (0.006) 0.029 (0.005) 0.031 (0.004)
GHI12 dose [mg/kg/d] 0.033 (0.005) 0.034 (0.006) 0.032 (0.006) 0.033 (0.004)
GH24 dose [mg/kg/d] 0.030 (0.004) 0.032 (0.004) 0.032 (0.004) 0.034 (0.003)
Ht0, SDS —3.05 (0.79) —3.24 (0.86) —3.00 (0.51) —4.33 (1.59)
HY b[ecfr‘;r/e;zﬁmem 5.19 (1.45) 511 (1.31) 4.46 (1.07) 5.27 (1.85)
BMIO 14.73 (2.05) 14.7 (3.3) 13.95 (1.39) 13.03 (0.85)
BMI12 15.36 (2.39) 15.1 (3.5) 14.67 (1.56) 13.71 (1.62)
BMI24 15.71 (2.55) 15.45 (3.32) 14.31 (1.49) 14.89 (2.24)

Data are expressed as mean (standard deviation). FAS: Fetal Alcohol Syndrome; SRS: Silver-Russel syndrome;
SDS: standard deviation score; HV: height velocity; BMI: body mass index.

In addition, patients were divided into subgroups for detailed analysis of response to
treatment: (1) patients with a diagnosis of Fetal Alcohol Syndrome (FAS) based on dysmor-
phia (shortened palpebral fissures, smooth philtrum, thin upper ver-million) and history
of alcohol abuse during pregnancy; (2) patients with a genetically and phenotypically
confirmed diagnosis of Silver-Russel syndrome (SRS); and (3) patients with other visible
dysmorphic features that did not allow a clear diagnosis of FAS or SRS (e.g., triangular
skull, hypotelorism, epicanthus, microcephaly, syndactyly, etc.). Patients were also divided
into subgroups according to the Tanner scale. The characteristics of each subgroup are
presented in Table 1.
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2.3. Data Collection

The study included: (a) perinatal data: duration of pregnancy (Hbd), birth weight,
SDS birth weight, birth length, SDS birth length, Apgar score, maternal nicotine and/or
alcohol abuse during pregnancy, type of hypotrophy and multiple pregnancies; (b) family
history: maternal height (Ht), mother’s SDS Ht, father’s Ht, father’s SDS Ht and mean
parental height MPH; (c) anthropometric data at baseline: age, sex, Tanner pubertal stage,
Ht, SDS Ht, growth rate (HV), weight, body mass index (BMI), bone age (BA), maximum
GH concentration [ng/mL] in stimulation tests, insulin-like growth factor-1 (IGF-1) con-
centration [ng/mL] and rhGH dose [mg/kg/d]; (d) additional history data: features of
fetal alcohol syndrome (FAS), confirmed diagnosis of Silver-Russel syndrome (SRS), visible
uncharacteristic features of dysmorphia and presence of additional chronic disease. Ht,
SDS Ht, HV, body weight, BMI, BA, rhGH dose and IGF-1 levels were reassessed after
12 and 24 months of therapy, respectively.

Anthropometric data were collected during routine follow-up visits at 12 and 24 months
(&3 months) after the beginning of treatment. Height was measured 3 times using a Harp-
enden stadiometer (with an accuracy of +0.1 cm), and the arithmetic mean was taken.
Bodyweight was measured using certified medical scales (with an accuracy of £100 g).

2.4. Data Analysis

Anthropometric parameters were converted to SDS using the auxological index calcu-
lator (by U. Smyczyniska and P. Smyczyriska) and based on Polish centile grids of Warsaw
children from 2001 [11]. Ponderal index (PI) = birth weight (g) x 100/birth length [3]
(cm®) was calculated to assess the type of hypotrophy. PI values < 2.2 were associated
with asymmetrical hypotrophy (AH) and PI > 2.2—with symmetrical (SH) [12]. MPH
was calculated from the formula MPH = (maternal Ht [cm] + paternal Ht [cm] +13 cm for
boys/—13 cm for girls)/2. Bone age was assessed by a qualified radiologist in each clinical
center using the Greulich-Pyle method on the basis of a radiogram of the hand and wrist of
the non-dominant hand. The stage of puberty was assessed according to the Tanner scale.
IGF-1 centile values were calculated from data presented by Bedogni et al. [13].

Unsatisfactory response to treatment was defined by two criteria: (1) the difference
in body height (AHt) between treatment initiation and follow-up at 12 and 24 months
less than 0.3 SDS and (2) AHV acceleration of less than 3 cm/year from the pre-treatment
growth rate. Patients were divided into groups according to treatment response: poor
response (AHt SDS < 0.3 and/or AHV < 3 cm/year) and good response (AHt SDS > 0.3
and/or AHV > 3 cm/year).

2.5. Statistical Analysis

Statistical analyses were performed using the R programming and statistical envi-
ronment (“R environment: a language and environment for statistical computing. R
Foundation for Statistical Computing”, Vienna, Austria, version: 4.0.4).

Descriptive statistics were performed to describe individual subgroups by providing:
numbers and percentages of individual subgroups for qualitative data and ranges and
means for quantitative data. Significance was set at p < 0.05.

2.6. Ethical and Legal Considerations

The study was conducted in accordance with the Statute of the Department of Pe-
diatrics, Endocrinology, Diabetology, Metabolic Disorders and Cardiology of the Devel-
opmental Age (Statute no. WMS-123/01/5/12/2019), approved by Pomeranian Medical
University in Szczecin, Poland. The study was observational in nature. Parents of all
children treated with thGH in Poland consented to the treatment prior to its initiation. The
study was conducted according to the guidelines of the Declaration of Helsinki.
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3. Results
3.1. Response to Treatment in the Whole Study Group

All patients improved growth AHt SDS by an average of 0.57 during the first 12 months
of therapy. In the second year (12-24 months), AHt SDS was 0.38, which means that over
the 2 years of therapy, the response of the entire study group averaged AHt SDS of 0.95.

In the group in question, the criterion of poor response to treatment AHt SDS < 0.3
after the first year of therapy was met by 39 patients (17%), while in the second year, it was
66 patients (44%). Selected growth parameters are shown in Table 2 and Figures 2 and 3.
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Figure 2. Growth in SGA children is expressed as the change in height (Ht) SD score at the baseline
and after 12 and 24 months of treatment.

Table 2. Selected growth parameters observed during the treatment.

Characteristic All UnChari;;;esr;f;i:Pl}:‘ei;t“res of FAS SRS
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Ht0 SDS —3.05 (0.79) —3.24 (0.86) —3.00 (0.51) —4.33 (1.59)
Ht12 SDS —2.48 (0.78) —2.70 (0.89) —2.58 (0.58) —3.60 (1.56)
Ht24 SDS —2.19 (0.85) —2.39 (0.97) —2.12 (0.56) —3.32(1.54)
AHt SDS 12-0 0.57 (0.33) 0.54 (0.43) 0.43 (0.31) 0.74 (0.22)
AHt SDS 24-12 0.38 (0.33) 0.35 (0.36) 0.36 (0.14) 0.72 (0.21)
AHt SDS 24-0 0.96 (0.49) 1.00 (0.54) 0.86 (0.19) 1.48 (0.37)
HVO [em/year] 5.19 (1.45) 5.11 (1.31) 4.46 (1.07) 5.27 (1.85)
HV12 [em/year] 8.15 (1.75) 8.05 (1.87) 7.52 (1.62) 7.92 (1.54)
HV24 [cm/year] 7.17 (1.74) 7.09 (2.17) 7.03 (1.13) 8.20 (1.45)

Data are expressed as mean (standard deviation). FAS: Fetal Alcohol Syndrome; SRS: Silver-Russel syndrome; Ht:
height; SDS: standard deviation score; HV: height velocity.
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Figure 3. High velocity (HV) in SGA children expressed in cm/year at the baseline and after 12 and

24 months of treatment.

The mean difference in growth rate for the entire patient group was AHV = 2.94 cm/year
in the first year and AHV = 1.84 cm/year in the second year. One hundred and twenty-three
patients (56%) met the criterion AHV < 3 cm/year after the first year of therapy and 99 (73%)
in the second year of treatment. The response to treatment in different subgroups is shown

in Table 3.
Table 3. Response to thGH treatment in different subgroups.
After 12 Months
Group N AHt SDS < 0.3 AHt SDS > 0.3
All 235 (100%) 39 (17%) 196 (83%)
Uncharacteristic features of dysmorphia 31 (100%) 5 (16%) 26 (84%)
FAS 15 (100%) 5 (33%) 10 (67%)
SRS 9 (100%) 0 (0%) 9 (100%)
After 24 Months
Group N AHt SDS < 0.3 AHt SDS > 0.3
all 151 (100%) 66 (44%) 85 (56%)
Uncharacteristic features of dysmorphia 19 (100%) 7 (37%) 12 (63%)
FAS 7 (100%) 3 (43%) 4 (57%)
SRS 7 (100%) 0 (0%) 7 (100%)

—39__
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Table 3. Cont.

After 12 Months
Group N AHV < 3 cm/year AHV > 3 cm/year
all 218 (100%) 123 (56%) 95 (44%)
Uncharacteristic features of dysmorphia 29 (100%) 17 (59%) 12 (41%)
FAS 13 (100%) 7 (54%) 6 (46%)
SRS 8 (100%) 5 (62%) 3 (38%)
After 24 Months
Group N AHV < 3 cm/year AHV > 3 cm/year
all 136 (100%) 99 (73%) 37 (27%)
Uncharacteristic features of dysmorphia 18 (100%) 11 (61%) 7 (39%)
FAS 5 (100%) 3 (60%) 2 (40%)
SRS 6 (100%) 4 (67%) 2 (33%)

FAS: Fetal Alcohol Syndrome; SRS: Silver-Russel syndrome; Ht: height; HV: height velocity; SDS: standard
deviation score.

The percentage of patients meeting the criteria for a poor response to treatment in the
first year of the study was lower in the subgroup of patients whose puberty was assessed at
Tanner stage 1 (1TS) (n = 190) AHt SDS < 0.3 = 28 (15%) than patients with more advanced
puberty—Tanner stage 2 (2TS) (n = 32) AHt SDS < 0.3 = 7 (22%), with puberty stage 3 (3TS)
(n =10) AHt SDS < 0.3 = 2 (20%) or with puberty stage 4 (4TS) (n = 3) AHt SDS < 0.3 = 2
(67%). In the second year, the response to treatment according to pubertal stage was as
follows: 1TS (n=132) AHt SDS < 0.3 = 54 (41%), 2TS (n = 14) AHt SDS < 0.3 =10 (71.43%),
3TS (n=5) AHt SDS < 0.3 = 2 (50%). After 24 months of therapy in the study group there
were no more patients in pubertal stage 4, which means that they completed the treatment
at an earlier stage.

Details of the percentages of patients at each pubertal stage meeting the criterion of
AHV < 3 cm/year can be found in Table 4. A total of two patients (20%) with puberty
assessed grade 3 and one patient (33%) assessed grade 4 accelerated growth by at least
3 cm/year, and none of them improved their growth rate beyond the required value during
the second year of therapy.

Table 4. Response to treatment according to pubertal stage.

After 12 Months
Tanner Stage N AHt SDS < 0.3 AHt SDS > 0.3
1 190 (100%) 28 (15%) 162 (85%)
2 32 (100%) 7 (22%) 25 (78%)
3 10 (100%) 2 (20%) 8 (80%)
4 3 (100%) 2 (67%) 1 (33%)
After 24 Months
Tanner Stage N AHt SDS < 0.3 AHt SDS > 0.3
1 132 (100%) 54 (41%) 78 (59%)
2 14 (100%) 10 (71%) 4 (29%)
3 5 (100%) 2 (40%) 3 (60%)
After 12 Months
Tanner Stage N AHV < 3 cm/year AHV > 3 cm/year
1 174 (100%) 103 (59%) 71 (41%)
2 31 (100%) 10 (32%) 21 (68%)
3 10 (100%) 8 (80%) 2 (20%)
4 3 (100%) 2 (67%) 1 (33%)

40—
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Table 4. Cont.

After 24 Months
Tanner Stage N AHV < 3 cm/year AHV > 3 cm/year
1 117 (100%) 84 (72%) 33 (28%)
2 14 (100%) 10 (71%) 4 (29%)
3 5 (100%) 5 (100%) 0 (0%)

FAS: Fetal Alcohol Syndrome; SRS: Silver-Russel syndrome; Ht: height; HV: height velocity, SDS: standard
deviation score.

3.2. Response to Treatment in Patients with Uncharacteristic Dysmorphic Features

Patients with non-characteristic dysmorphic features constituted the largest subgroup
of those listed in the study.

Patients with dysmorphic features (n = 31) improved growth AHt SDS by an average
of 0.54 SDS during the first year of therapy and by 0.35 SDS during the second year. The
mean AHV during the first year of therapy was 2.78 cm/year, and during the second year,
AHV was 1.95 cm/year.

In the study group, the criterion of poor response to treatment AHt SDS < 0.3 after the
first 12 months of therapy was met by five patients (16%), while in the second year was by
seven children (37%). Seventeen patients (59%) met the criterion A HV < 3 cm/year after
the first year of therapy, and 11 (61%) did not improve their growth rate by at least 3 cm.
Response to treatment is shown in Table 3.

3.3. Response to Treatment in Patients with FAS

Patients diagnosed with fetal alcohol syndrome had both severe shortage of body length
at birth (birth length SDS = —1.77) and body weight (birth weight SDS = —4.24). Patients
in this subgroup presented the slowest growth rate before therapy (HV0 = 4.46 cm/year vs.
mean HV0 = 5.19 cm/year for the whole study group).

Patients diagnosed with FAS (n = 15) improved growth AHt SDS on average by
0.43 SDS during the first year of therapy and by 0.3 6SDS during the second year. The
mean AHYV in the first year of therapy was 3.09 cm/year, and in the second year, AHV was
2.28 cm/year.

In the study subgroup, the criterion of poor response to treatment AHt SDS < 0.3 after
the first year of therapy was met by five patients (33%), while in the second year, it was by
three children (43%).

Seven patients (54%) after the first year of therapy met the criterion of AHV < 3 cm/year
and 3 (60%) in the second year of therapy. Response to treatment is shown in Table 3.

3.4. Response to Treatment in Patients with SRS

Patients diagnosed with Silver-Russel syndrome were smallest at birth (birth weight
SDS = —4.43; birth length SDS = —2.28) and had the most pronounced body height de-
ficiency at the start of thGH treatment (Ht0 SDS = —4.33). Patients in this subgroup
were significantly younger at the start of therapy: 84 months (7 years) vs. 108.5 months
(9.04 years) for the entire study group.

Patients diagnosed with SRS (1 = 9) improved growth AHt SDS by an average of
0.74 SDS during the first year of therapy and by 0.72 SDS during the second year. The mean
AHYV during the first year of therapy was 2.59 cm/year, and during the second year, AHV
was 3 cm/year.

None of the patients diagnosed with Silver-Russel syndrome met the AHt SDS < 0.3 cri-
terion throughout the analysed period. Five patients (62%) during the first 12 months
and four patients (67%) during the second year did not accelerate growth by 3 cm/year.
Response to treatment is shown in Table 3.
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3.5. Comparison of Criteria for Evaluating Response to Treatment

In the analysed material, inadequate response to treatment expressed by both adopted
criteria was fulfilled by 16% of all patients after the first year and 40% after the second year.
Considering any criterion adopted by us, these percentages were significantly higher; 58%
of patients after the first and 77% of patients after the second year of treatment, respectively.
The values for the different subgroups analysed in the study are shown in Table 5.

Table 5. Comparison of different growth response criteria to rhGH treatment.

After 12 Months
AHt SDS < 0.3 AHt SDS < 0.3
Group N or and
AHV < 3 cm/year AHV < 3 cm/year
All 218 (100%) 126 (58%) 34 (16%)
Uncharacteristic features of dysmorphia 29 (100%) 18 (62%) 4 (14%)
FAS 13 (100%) 8 (62%) 3 (23%)
SRS 8 (100%) 5 (62%) 0 (0%)
After 24 Months
AHt SDS < 0.3 AHt SDS < 0.3
Group N or and
AHV < 3 cm/year AHV < 3 cm/year
All 136 (100%) 105 (77%) 54 (40%)
Uncharacteristic features of dysmorphia 18 (100%) 11 (61%) 6 (40%)
FAS 5 (100%) 3 (60%) 2 (40%)
SRS 6 (100%) 4 (67%) 0(0%)

FAS: Fetal Alcohol Syndrome; SRS: Silver-Russel syndrome; Ht: height; HV: height velocity, SDS: standard
deviation score.

3.6. thGH Dose

The mean initial dose of rhGH was 0.031 mg/kg/d (0.217 mg/kg/week) and remained
at a similar level throughout the observation period (Table 1).

3.7. IGF-1 Concentration

Initially, 14 patients were found to be IGF-1 deficient (value < 3rd percentile for age and
sex). During follow-up, most patients were observed to have IGF-1 within the normal range,
with few cases where control values were >97th percentile. Detailed data are presented in
Table 6 and in Figure 4.

Table 6. Percentile values of IGF-1 in different subgroups.

Characteristic Mea?\I:SD) Uncharg;rl;:rc;;lei:tures of MeE:?SD) Meit?(sSD)
Mean (SD)
IGF-1 Percentile at Baseline

<3 percentile 14 4 0 1
3-97 percentile 219 26 14 8

>97 percentile 0 0 0 0

IGF-1 percentile after 12 months

<3 percentile 1 0 0 0
3-97 percentile 222 30 14 9

>97 percentile 8 1 1 0

S, B
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Table 6. Cont.
Characteristic All UnCharai;;/es?ritJll'cpl}iei:tures of FAS SRS
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
IGF-1 percentile after 24 months

<3 percentile 1 0 0 0
3-97 percentile 140 17 7 6

>97 percentile 7 1 0 1

1000

IGF-1 [ng/ml]

500

Data are expressed as mean (standard deviation). FAS: Fetal Alcohol Syndrome; SRS: Silver-Russel syndrome;
IGF-1: insulin-like growth factor 1.

p<0.001

p=0.016

p <0001

——— L L]

Baseline IGF-1 IGF-1 after 12 months IGF-1 after 24 months

Figure 4. IGF-1 serum concentration values expressed in ng/mL at the baseline and after 12 and
24 months of treatment.

3.8. Bone Age

At the baseline, the mean CA-BA was 25 months (2 years 1 month). The BA/CA ratio
was initially 0.75 and gradually increased to 0.86. At the end of the follow-up period, a
mean CA-BA of 16 months was observed. The biggest initial difference was observed in the
subgroup of SRS patients. Detailed information is provided in Table 7 and Figures 5 and 6.

Table 7. Bone age, difference between calendar age and bone age, bone age/calendar age ratio in
different subgroups.

Uncharacteristic Features

Characteristic Me;?ll:SD) ofl\]zgfzr(osr]gl;ia MefI?(SSD) Meirll{(SSD)
n 235 31 15 9
BA [months]
Baseline 84 (39) 75 (41) 86 (33) 54 (37)
After 12 months 101 (39) 92 (41) 107 (27) 72 (37)
After 24 months 112 (37) 101 (42) 98 (16) 74 (20)
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Table 7. Cont.
Chmcteisie A e S S
Mean (SD)
CA-BA [months]

Baseline 25 (15) 25 (17) 24 (14) 30 (14)
After 12 months 19 (15) 20 (18) 15 (16) 24 (12)
After 24 months 16 (16) 18 (18) 14 (16) 20 (17)

BA/CA ratio

Baseline 0.75 (0.16) 0.72 (0.20) 0.77 (0.15) 0.60 (0.20)
After 12 months 0.83 (0.15) 0.80 (0.18) 0.89 (0.13) 0.72 (0.17)
After 24 months 0.86 (0.14) 0.84 (0.19) 0.88 (0.13) 0.78 (0.20)

CA-BA [mnnths]

Data are expressed as mean (standard deviation). FAS: Fetal Alcohol Syndrome; SRS: Silver-Russel syndrome; BA:
bone age; CA: calendar age.

p<0.001

p<0.001

p=D0.068

807

Baseline CA-BA

CA-BA after 12 months

CA-BA after 24 months

Figure 5. Difference in calendar age and bone age (CA-BA) in SGA children expressed in months at
the baseline and after 12 and 24 months of treatment.
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Baseline BA/CA ratio BA/CA ratio after 12 months BA/CA ratio after 24 months

Figure 6. Bone age/calendar age ratio (BA/CA) in SGA children at the baseline and after 12 and
24 months of treatment.

3.9. Type of Hypotrophy

In the analysed group, 177 patients presented asymmetrical hypotrophy (76%). Twenty-
two patients with uncharacteristic features of dysmorphia were diagnosed with AH (71%),
11 with FAS (79%) and 6 with SRS (67%), respectively.

4. Discussion

The primary goal of rhGH therapy for short stature patients with SGA is to improve
growth and achieve satisfactory final height. Ongoing molecular and genetic studies
demonstrate the complexity of theshort stature and underline the heterogeneity of the
patient group of children with SGA [14]. Since the introduction of growth hormone therapy,
numerous attempts have been made to establish reliable, reproducible and easy to evaluate
by clinicians’ criteria of response to treatment, allowing monitoring and individualisation
of therapy. The most commonly adopted criteria are AHt SDS or AHV [15]. In their work,
Bang et al. [7] and Straetemans et al. [5] showed that AHV is the best criterion for assessing
response to treatment but also has the highest possible measurement error. In our study,
AHV showed the highest percentage of patients with a poor response, more than twice
as high as the accepted criterion of AHt < 0.3. In order to reliably assess the growth rate
and correctly qualify the patient for hGH treatment, a detailed growth rate observation
is carried out in clinical centres in Poland for at least 6 months prior to the initiation
of treatment. Most patients have a full observation period. Some patients, especially
adolescents with severe growth deficiency with very low Ht SDS and poor prognosis of
final growth, are started on rhGH treatment without a full follow-up period. The height
velocity is a strictly age-dependent parameter, so unified cut-off values for all patients are
not appropriate in daily practice. It would be advisable to create centile charts assessing
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HV SDS in the Polish population, analogous to Bakker et al., which would take into account
patients diagnosed with SGA, which would greatly improve thGH therapy [13].

Our results for the whole observed group AHt12 SDS 0.57 and AHt24 SDS 0.38, as
well as HV12 8.15 cm/year after the first and HV24 7.17 cm/year after the second year
are consistent with the results obtained by Ranke et al. or Lépez-Siguero et al. [16,17].
Both parameters indicate the benefit of treatment for SGA patients because they improve
their centile position as well as maintain a relatively good HV. In particular, Lépez’s 2019
data document almost the same HV as in our study during the first year of treatment
and slower during the second. When analysing the percentage of patients meeting the
criterion of poor response to treatment defined as AHt SDS < 0.3 after the first year of
therapy, we obtained a result of 17%, while in the second year, we obtained 44%. When
the criterion AHV < 3 cm/year was adopted, the values were higher—56% after the first
and 73% after the second year, respectively. These values are high and prompt an analysis
of the reasons for therapeutic failure. In our opinion, they may result from the high
heterogeneity of the SGA patient group. In other work, Ranke et al. found a poor response
to treatment AHt SDS < 0.3 in 15% of patients [5] and Bang et al. in 25% [7]. The values we
obtained are similar, but it must be mentioned that our study group included all patients
from the registry, regardless of their pubertal stage, and the studies we cited included
only prepubertal patients. An exact comparison of the achieved response to treatment is
therefore not possible due to the significant differences in the study groups.

Our study was supported by the size of the study group (235 children) collected
from six university centres for growth hormone treatment. All patients in Poland were
qualified for the registry according to a unified scheme and received the same initial dose
of thGH. Dose can be modified according to the IGF-1 levels during the treatment [10]. In
addition, all patients in the group analysed by us had scheduled follow-up visits at the
same time from the start of treatment (after 12 and 24 months + 3 months, respectively)
and performed the same laboratory tests and anthropometric measurements.

The age of the child at the start of rhGH therapy is a very well-documented factor
influencing the response to treatment. The earlier therapy is started, the better the response
and, consequently, higher final growth [18,19]. It is reccommended to start rhGH treatment
as soon as the child has not shown a spontaneous catch-up process. In the USA, it is
advisable to start treatment at the age of 2 years. According to European and Polish
guidelines, rhGH treatment of short stature children with SGA should be started after the
age of 4 years [18]. In our study, the average age at the beginning of therapy was 9.08 years.
In the American Norditropin Studies: Web-Enabled Studies (The ANWSER Program®)
evaluating 360 children with SGA, the mean age was 8.4 years [19], whereas in a European
study based on an analysis of data from the KIGS database, evaluating 1909 patients, the
average age of treatment initiation was 9.1 years [20]. The age we obtained is much higher
than the recommended one but similar to the average in other European countries. It
should also be taken into consideration that until 2015, there was no treatment programme
dedicated to patients diagnosed with short stature resulting from SGA in Poland; thus,
some children did not have the opportunity to start hGH treatment at the recommended
age. The study group also included those patients who, despite indications for treatment,
had to wait for qualification. Based on clinical observations and our own experience, it
seems that younger and younger children are being qualified for treatment, which is in line
with world guidelines.

The patients with SRS were enrolled in the treatment programme at the earliest
(7.0 years). This demonstrates that patients with a specific diagnosis made in infancy are
more vigilantly observed by physicians and more quickly referred to the growth hormone
treatment programme. Patients with uncharacteristic dysmorphic features, as well as FAS
features, started treatment significantly later than patients with SRS. This may be due to
the fact that in patients burdened with another chronic disease or syndrome, different
socio-health problems come to the fore, and the body height is a secondary concern for
caregivers. Typically, children exposed to alcohol during the fetal period come from families
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of lower socioeconomic status, and consequently, caregivers are less aware of the treatment
options for short stature.

Patients with dysmorphic features, which did not allow an unambiguous diagnosis of
the genetic syndrome described so far, constituted 13% of the entire study group. We believe
that this is a group that should be highlighted. It is postulated that every child born SGA
should be qualified for possible early intervention and treatment. A diagnostic algorithm
in short stature patients with SGA was presented by Finken [14]. Our subgroup included
patients with dysmorphic features such as triangular skull, microcephaly, syndactyly,
hypotelorism and others that were not associated with FAS or SRS. Based on the results,
the authors found no significant difference in response to treatment in this subgroup, but
more accurate genetic diagnostics in SGA children should be considered, as more and more
conditions with growth impairment are described [21]. Understanding the pathogenesis of
short stature in SGA patients with dysmorphia could potentially contribute to optimising
treatment for this subgroup or introducing new, dedicated standards for them.

An attempt was also made to look at the response to treatment based on the type of
hypotrophy. Depending on the anthropometric measurements of the newborn and the
calculated PI, infants with IUGR can be classified into two groups—with symmetrical
hypotrophy (SH) or with asymmetrical hypotrophy (AH) [22]. SH (low birth weight
and length, small head circumference) is usually caused by a damaging factor that has
been present since the beginning of the pregnancy (e.g., alcohol abuse, smoking, maternal
diseases). This group includes patients with FAS. AH is associated with late placental
failure or genetic defects (e.g., SRS). In the analysed group, 177 children (76%) presented
features of asymmetric hypotrophy. The subgroup of patients with non-characteristic
dysmorphic features included 22 patients with AH. According to the available research, the
type of hypotrophy does not affect the response to rhGH treatment [23]. Our data seem to
confirm previous findings. Nevertheless, understanding the pathogenesis of short stature
in SGA patients with dysmorphia could potentially contribute to optimising treatment for
this subgroup or introducing new, dedicated standards for them.

The best absolute response to treatment, both after the first and second year, was
observed in the subgroup of patients in pubertal stage 1. However, irrespective of the
pubertal stage, the best response was observed in each group during the first year of therapy.
This confirms the observation that the introduction of therapy induces a growth spurt in
every child, irrespective of the stage of puberty, but with the advancement of puberty, this
effect cannot be maintained. Analysis of our data showed that after the second year of
treatment, there were no more patients with puberty grade 4, according to Tanner. This
indicates that these patients, after the first year of rhGH treatment or during the second
year, met one of the exclusion criteria defined in the polish programme (e.g., showed an
unsatisfactory treatment effect defined as AHV <2 cm/year or reached a bone age of over
14 years in the case of girls and over 16 years in the case of boys). Seventy-three per cent of
patients met the poor response criterion of AHV < 3 cm/year after 24 months of therapy.

Depending on the response criterion adopted, the analyses identify different percent-
ages of patients. After the first year of treatment, as many as 58% of patients met at least
one criterion for an unsatisfactory response, whereas only 16% of patients met both criteria
we adopted. Additionally, it should be emphasised that the “true” non-responders were
patients who met both criteria for poor response—16% after the first year and 43% after the
second year—these values are distributed similarly in all analysed subgroups, excluding
SRS. Although 43% did not meet the good response criterion, it should be noted that they
benefit greatly from treatment by improving Ht and HV.

Our observations are similar to the conclusions of the Dutch investigators. We conclude
that there is no single optimal criterion to evaluate response to rhGH treatment [5]. After
the second year of treatment, 40% of the patients met both criteria for poor response. Table 5
shows the details of the criteria we adopted.

Based on the analysis of collected data, the mean initial dose of thGH was 0.031 mg/kg/d
(0.217 mg/kg/week) and remained at a similar level throughout the observation period.
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The acceptable dose of growth hormone for short children with SGA accepted for the Polish
population is in the range of 0.023-0.061 mg/kg/d (0.16-0.43 mg/kg/week). A dose of
0.036 mg/kg/d (0.25 mg/kg/week) is recommended as the optimal initial dose [10]. The
values of GH that we obtained are within the recommended range.

In their study, which included an analysis of a 6-year follow-up of treatment re-
sponse in patients treated with two different doses of GH, De Zegher et al., as well as
van Pareren et al., showed that a lower dose of GH produces better results in the context
of height gain [24,25]. In addition, they conclude that alternate therapy with intermittent
higher dose may be effective in very young patients but also in those with advanced pu-
berty and poor response to conventional treatment. Nevertheless, it should be taken into
account that higher doses could potentially cause excessive acceleration of bone age.

In our analysis, during the first year, the overall response to treatment remained
satisfactory. During the second year, the percentage of patients with an unsatisfactory
response increased, which may indicate an insufficient dose of GH in the second year. The
data we analysed concerned patients treated between 2016 and 2020—this is information
from the first years of the therapeutic programme dedicated to SGA patients in Poland. One
of the benefits of this work is the possibility to take a critical look at the current management
of therapy and draw conclusions in order to optimise treatment in the following years.
Additionally, it is worth noting that initiation of treatment at all centres in Poland with the
same dose simplifies the analysis and comparison of the effects.

One of the parameters helping to control the safety of the conducted therapy is the
determination of IGF-1 concentration in blood serum and relating it to norms for age and
gender. During follow-up, most patients maintained IGF-1 levels within the normal range.
In a few cases, an increase in IGF-1 above the normal range determined a reduction in the
GH dose.

It was established that the greater the difference between bone age and calendar age
(CA-BA), the better the response to treatment [26]. In our study group, the initial difference
in bone age was 25 months (a mean of 2 years). It is suggested that children born with SGA
advance puberty and bone age faster and therefore present worse growth potential [27]. In
our study, the CA-BA was high, and the vast majority of children did not equalise bone age
with calendar age. In their analysis, Horikawa et al. [28] found no significant progression
of bone age to calendar age during long-term follow-up, which is in line with our findings.

The BA/CA ratio we obtained was comparable to those presented in the work of
Lépez-Siguero et al. [17]. During the course of growth BA/CA ratio did not reach the value
of 1. This means that patients in the analysed group still had growth potential, and it was
reasonable to continue treatment with growth hormone.

Patients with a confirmed diagnosis of Silver-Russel syndrome seem to benefit most
from the GH treatment. Suspicion of SRS is most often made in infancy due to profound
deficiency in birth weight and/or length [29]. Once the diagnosis of SRS is confirmed,
patients are informed that GH treatment may be included after the child is 4 years old,
so they remain under long-term observation and are eligible for the registry at the first
possible moment. Patients in this subgroup also had the best treatment outcomes. Based on
the observations of this group, it is evident that the diagnosis of SGA or IUGR is already at
birth; parental education and clinician awareness accelerates the initiation of treatment and
therefore maximises the benefits of treatment. Although the children with SRS absolute
values of Ht SDS were the lowest, they were the only ones who maintained a continuous
improvement of body height, and for them, the final effect of the treatment was most
strongly expressed. Despite the small size of the subgroup, we feel it important to point
out the outcome of the treatment in those patients. Further studies involving a larger group
of patients with SRS are needed to confirm our findings.

Limitations of Work

All patients were included in the study, irrespective of their pubertal stage or age.
However, our analysis serves to critically evaluate the effectiveness of treatment of short
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stature in children with SGA; hence we included all children treated at six centres in
the country.

Another limitation of our study was the incomplete duration of the required 6 month
pre-treatment growth observation period in some patients. As in other non-interventional
studies, it is not possible to obtain 100% data.

Despite the small size of the subgroup of children with SRS and FAS, it was decided
to list their responses as deserving attention. A larger group would have increased the
statistical significance of the study.

5. Conclusions

Despite careful and detailed qualification of patients for the therapeutic programme,
17% of them do not derive benefit from the first year of therapy and 44% from the second
year, taking into account the AHt SDS < 0.3 parameter. The criterion AHV < 3 cm/year
shows a higher percentage of patients with a poor response to therapy (56% in the first
year and 73% in the second year, respectively). Despite the high rates of poor response to
treatment, both Ht SDS and HV in the entire study group and all of the subgroups were
statistically improving in a significant way. Patients with SRS were significantly younger at
baseline and showed the best response to treatment, which was sustained throughout the
follow-up period.

Patients before the onset of puberty responded better to treatment compared to the
rest of the group. Regardless of the stage of puberty at the start of treatment, the best
response was observed after the first 12 months of therapy.

Patients with fetal alcohol syndrome presented the slowest growth rate before treat-
ment and were eligible for the programme at the latest.

The study showed that different values are obtained depending on the criterion
used to assess response to treatment. The assessment of height velocity generated higher
proportions of patients with a poor response.

Careful monitoring of the therapy provided, an individual approach to the patient,
verification of the treatment and a decision on its continuation after one year is essential to
optimise treatment effects.

In a majority of the patients, the initial dose of rhGH did not increase levels of
IGF-1 > 97th percentile during the 24-month observation.

In order to maintain a good HYV, it is advisable to individualise GH dosage in children
with SGA.
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Abstract: The assessment of IGF-1 concentrations is one of the parameters used for evaluating
response to thGH treatment. An increase in IGF-1 concentration positively correlates with growth
improvement, whereas IGF-1 concentrations significantly above the reference range may increase the
risk of possible side effects. The aim of this study was to evaluate the IGF-1 local reference ranges for
the thGH treatment centers concerned and to compare these values with the population reference
ranges. A retrospective analysis was conducted on auxological data from 229 SGA patients who
received rhGH treatment between 2016 and 2020 at six university clinical centers in Poland. The
IGF-1 levels were assessed at baseline, after 12 and 24 months, and compared to the reference ranges
provided by the local laboratory and to the population reference ranges. After 12 months, 56 patients
(24%) presented IGF-1 values > 97th percentile for the local reference range, whereas only 8 (3.5%)
did so using the population reference ranges; p < 0.001. After 24 months of treatment, the values
were: 47 (33%) > 97th percentile by local vs. 6 (4.2%) by population standards; p < 0.001. Thirty-nine
patients had rhGH dose reduced after 12 months, of whom twelve (25%) had IGF-1 > 97th percentile
according to the local reference ranges and five (13%) > 97th percentile for the population. Our
data suggest that different methods used to determine IGF-1 concentration and the different IGF-1
reference ranges result in a significant proportion of rhGH-treated children with elevated IGF-1
concentration and experiencing dose reductions, which may negatively affect growth rate.

Keywords: SGA; IGF-1; recombinant human growth hormone

1. Introduction

For many years, patients born small for gestational age (SGA) have been qualified for
growth hormone therapy. SGA is defined as a birth weight and/or length that is at least
two standard deviations (SDs) below the mean for gestational age in the population [1].
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Within the first 6-12 months of life, the majority of children born SGA experience
accelerated growth and reach the population norm. However, around 10% of these children
do not catch up and need additional diagnostic and therapeutic interventions [2]. Increasing
evidence suggests that an adverse intrauterine environment and rapid postnatal weight
gain in young SGA children contribute to an increased risk of developing chronic diseases
in adulthood, such as type 2 diabetes mellitus or metabolic syndrome, as well as a short
stature [3].

Growth hormone treatment programs have been developed for these children, both
to improve height and the metabolic condition of the patients. However, it should be
kept in mind that SGA patients form a heterogeneous group, whose common factor
is a birth weight/length deficiency. Therefore, these patients in particular require an
individualized therapy.

The assessment of insulin-like growth factor 1 (IGF-1) concentrations is one of the most
important parameters for evaluating response to thGH treatment [4]. It has been shown that
an increase in IGF-1 concentration positively correlates with growth improvement [5,6]. On
the other hand, IGF-1 concentrations significantly above the reference range may increase
the risk of atherosclerosis or malignancy [7]. By optimizing the dosage, patients can achieve
maximum gains in height, body composition, and metabolic outcomes, while minimizing
the occurrence of adverse events associated with rhGH treatment [6,8,9].

The assessment of IGF-1 levels is listed as one of the mandatory tests performed
during routine follow-up visits in patients treated with thGH [10]. Modification of rhGH
dosage depends on IGF-1 values. At the same time, documented persistently elevated IGF-1
levels above the age- and sex-specific norm are an indication for temporary withholding or
termination of treatment [11]. During the previous analysis of the results of the response
to treatment of children born small for gestational age (SGA) in six clinical centers in
Poland, it was noted that a high percentage of children required modification of the growth
hormone dose or early termination of treatment [12]. At the same time, IGF-1 concentration
levels maintained within the normal range in accordance to IGF-1 ranges were provided by
Bedogni et al. [13]. This finding has raised interest in understanding why so many patients
in daily clinical practice require modification of their growth hormone dose.

Insulin-like growth factor 1 is a small protein that consists of two chains, A and B,
linked by disulfide bridges, and a C-peptide of 12 amino acids. Its synthesis is encoded
by the IGF1 gene located on the long arm of chromosome 12, locus 12q22-23 [14]. The vast
majority of IGF-1 is produced in the liver by a growth hormone-dependent mechanism.
The primary mechanism of action of IGF-1 is endocrine. A significant proportion of tissues
in the body also produce IGF-1, which acts auto- and paracrine at the site of secretion, such
as in the growth plates of long bones [15].

IGF-1 exerts mitogenic and anabolic effects, promotes cell proliferation and differ-
entiation, is a stimulator of neuroblast migration and protein and sex steroid synthesis,
and exhibits anti-apoptotic effects. Its concentration changes at different stages of life—it
increases from infancy to puberty, after which it gradually decreases [16]. When interpret-
ing results, it is crucial to consider various physiological variables and clinical conditions
that can influence the concentrations of IGF-1 [17]. Factors such as age, pubertal stage,
pregnancy, and extremes of body mass index hold particular significance and must be taken
into account [18].

The vast majority of IGF-1 (up to 99%) is present in the body’s circulation in the form
bound to insulin-like growth factor binding proteins (IGFBP1-6) and about 80% in the
form of a ternary complex, bound to IGFBP-3 and the acid-labile subunit (ALS) [19]. The
complex stabilizes growth hormone, retains it longer in the blood plasma, and thus aids
GH in reaching the target tissues [20].

The GH complex, in association with IGFBP-3 and ALS, exhibits a half-life ranging
from 12 to 15 h. In contrast, GH is secreted in a pulsatile manner and has a shorter
blood half-life of 20-50 min [21,22]. Recognizing the greater stability of IGF-1 secretion
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throughout the day, it is now widely acknowledged that IGF-1 serves as a superior marker
for evaluating treatment response and patient compliance compared to GH [23].

All of the above need to be taken into account while choosing the proper laboratory
assay and providing best timing for IGF-1 assessment in order to avoid prelaboratory and
laboratory error.

The aim of this work was to evaluate the reference values and IGF-1 norms for the
rhGH treatment centers concerned, to compare these values with the population norm
(using the reference values presented by Bedogni et al.) [12] and to assess the need for
modification of the growth hormone dose based on the different norms.

2. Materials and Methods
2.1. Study Design

The nature of the study was observational, and it involved collecting and retrospec-
tively analyzing auxological data from patients who received rhGH treatment between 2016
and 2020 at six university clinical centers (Szczecin, Katowice, Wroclaw, Krakow, Warsaw,
and Bialystok).

Short stature children with SGA who meet the unified guidelines are eligible for
participation in the Polish thGH treatment program. The inclusion criteria for this program
include: short stature defined by Ht < —2 SDs and AHV < —1 SD based on Polish population
norms; age above 4 years; GH concentration > 10 ng/mL, as determined by two out of four
growth hormone secretion stimulation tests (with clonidine, L-Dopa, arginine, or insulin),
or by a nocturnal growth hormone secretion test (with at least five GH measurements);
birth weight or length <—2 SD for gestational age and sex according to population norms;
BA <14 years in girls and BA < 16 years in boys (assessed using the Greulich-Pyle method);
exclusion of contraindications to GH therapy through contrast-enhanced CT or MRI of the
hypothalamic—pituitary region, as well as exclusion of other causes of short stature. All of
these criteria must be met. Karyotype testing is required for all short stature girls before
treatment initiation.

Once enrolled in the thGH program, patients are required to attend follow-up visits
initially every 3 months during the first year of treatment and later every 6 months. These
visits include standardized tests such as anthropometric measurements, laboratory tests,
and BA assessment. For the purpose of this study, data from the qualification process, as
well as data from routine follow-up visits at 12 and 24 months (43 months), were collected
using a nationwide monitoring system.

The IGF-1 levels were assessed in every patient at baseline and after 12 and 24 months
of treatment. The fasting samples were tested in every treatment center within 24 h from
blood withdrawal.

The IGF-1 assay values collected at a specific center were compared to the norms
provided by the local laboratory, adapted to the method used for the assay. The patients
from Szczecin and Bialystok were combined into a single subgroup due to the use of
the exact same method for determining IGF-1 levels (Elecsys® IGF-1, Roche Diagnostics
International Ltd., Rotkreuz, Switzerland) within the same laboratory network as well as
the same IGF-1 values.

The criteria for discontinuing GH treatment are as follows: femoral head exfoliation,
pseudo-tumor cerebri, diabetes mellitus, diagnosis or recurrence of proliferative disease,
lack of consent from the patient (or legal guardian) to continue treatment or poor com-
pliance, unsatisfactory treatment effect defined as AHV < 2 cm/year, BA > 14 years for
girls and BA > 16 years for boys, significantly worsened body proportion disorders, major
congenital malformations affecting essential vital functions, chromosomal abnormalities
associated with an increased risk of proliferative diseases, and elevated IGF-1 levels relative
to age and sex observed 3 months after discontinuation of growth hormone therapy.

All patients within our study group met the qualification requirements for thGH
treatment in accordance with the Polish guidelines. The inclusion criteria for our study
consisted of the following: short stature defined as Ht < 3rd percentile or Ht < —2 SDs
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based on the Polish population norms, diagnosis of SGA indicated by birth weight or
length <—2 SD for gestational age and sex according to population norms, and a minimum
duration of 12 months of growth hormone treatment. The exclusion criteria encompassed
advanced puberty during treatment and poor compliance.

As there is no population-based standard for IGF-1 concentrations in Poland at the
time of writing the previous study involving the same group of patients, in order to
standardize the results, the norms presented by Bedogni et al. were used [12]. The Italian
study population consisted of 24,403 healthy children aged 0 to 18 years, which made it
possible to develop reliable norms for the pediatric population.

The aim of this study was to evaluate the IGF-1 concentration in patients treated with
rhGH and comparison of the results with norms provided by the local laboratory and a
general norm based on the Italian norm presented by Bedogni et al. [13].

Figure 1 illustrates the process of data collection.

Selected short stature SGA
patients treated with rhGH in 6
centers in Poland

n =260
Incomplete data during
= qualification
i ‘ n=25

Patients enrolled in the study
n =235

N\
Patients without
baseline IGF-1
concentration
n==6

Y

:

Patients with full 12 month
follow-up
n =229

Patients with full 24-month

follow-up
n =144

Patients without IGF-1
concentration after 24
months
n=85

o
‘

Figure 1. Data collection process. SGA—small for gestational age; rhGH—recombinant human
growth hormone; IGF-1—insulin-like growth factor type 1.

2.2. Population

The study group comprised 229 children, with 134 boys. The average age at the
initiation of therapy was 108 months (9 years). The mean bone age within the study group
was 84 months (7 years). At the start of therapy, 186 patients were classified as Tanner stage
1, indicating that puberty had not yet commenced. Additionally, 30 patients were classified
as Tanner stage 2, 10 patients as stage 3, and 3 patients as stage 4. The mean birth weight,
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expressed in SDs, was —3.24, while the mean pretreatment body height, expressed in SDs,

was —3.05.
The rhGH dosage is uniform across the country and is within the range of

0.022-0.061 mg/kg/day, preferably 0.036 mg/kg/day.

At the initiation of treatment, the average rhGH dose was 0.031 mg/kg/d. Characteris-

tics of patients at each clinical center enrolled in the study as well as baseline characteristics
of the whole study group are presented in Table 1.

Table 1. Selected background characteristics of the study group.

Characasic Al Meanisp) S/ Btk Nean Kaowice ™ Wi W Koo
n 229 64 55 41 32 37
Gender
F 95 27 24 15 10 19
M 134 37 31 26 2 18
Age at onset of
treatment 108 (35) 116 (39) 106 (35) 107 (30) 104 (37) 105 (34)
[months]
Tanner stage at
onset of
treatment
1 186 52 46 32 27 29
2 30 8 6 7 3 6
3 10 2 3 2 1
4 3 2 0 1
Birt}}s"DV:ight' ~3.24(1.17) ~3.27(1.16) ~332(1.28) —277(0.65) —354(120) —3.34(1.33)
Birﬂ;g;‘gth’ —1.00 (1.54) —0.75 (1.60) ~117(139) —0.63(121) —1.24(1.60) —1.36(1.83)
Ht0, SDs —3.05 (0.79) —2.92 (0.59) —325(097) -247(041) —330(072) —3.39(0.83)
BMIO 14.73 (2.05) 14.42 (2.07) 15.15(239) 15.18(1.63) 14.84(1.88) 14.11(1.97)
BA [months] 84 (39) 94 (41) 78 (37) 86 (36) 76 (40) 79 (36)
[L(;F/;'& 142 (84) 126 (71) 135 (72) 154 (84) 125 (94) 185 (98)
;ng/LlLZ] 299 (164) 317 (169) 248 (126) 243 (107) 273 (150) 431 (193)
%f;/inﬁ 342 (184) 378 (223) 264 (135) 322 (139) 300 (135) 511 (188)

GHO dose 0.031 (0.005) 0.034 (0.004) 0.025 (0.003)  0.028 (0.002)  0.035 (0.000) ~ 0.033 (0.005)

[mg/kg/d]

GHI2 dose 0.032 (0.005) 0.035 (0.003) 0.029 (0.003)  0.029 (0.004) ~ 0.035 (0.000)  0.035 (0.004)

[mg/kg/d]

&?ﬁ;‘/’iﬁ 0.033 (0.004) 0.033 (0.006) 0.032 (0.004) 0.031 (0.004) 0.035 (0.000) 0.034 (0.004)
AHt SDs 12-0 0.57 (0.33) 0.57 (0.31) 046 (031)  054(029)  0.73(0.32)  0.63 (0.42)
AHt SDs 24-12 0.38 (0.33) 0.40 (0.41) 043(0.30)  0.18(0.16)  0.39(028)  0.50 (0.38)
AHt SDs 24-0 0.97 (0.50) 0.94 (0.49) 090 (046)  078(028)  1.11(0.51)  1.25(0.62)

Ht—height; BA—bone age; IGF-1—insulin-like growth factor 1, GH—growth hormone; GHO—growth hormone
dose at baseline; GH12—growth hormone dose after 12 months; GH24—growth hormone dose after 24 months.
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2.3. Data Collection

Patients qualified for the growth hormone treatment program based on uniform crite-
ria were included in the study. The analysis included (a) birth data of patients defining the
diagnosis of SGA (birth weight, birth weight SDs, birth length, birth length SDs); (b) anthro-
pometric data at the start of treatment: age, sex, Ht, SD Ht, growth rate (HV), body weight,
insulin-like growth factor 1 (IGF-1) concentration (ng/mL) and thGH dose (mg/kg/d);
(c) anthropometric data at follow-up at 12 and 24 months of treatment (£3 months): Hv,
SD Hyv, Ht, SD Ht, IGF-1 concentration (ng/mL), and rhGH dose (mg/kg/d).

Anthropometric measurements were obtained during regular follow-up visits at
12 and 24 months (+3 months) following the initiation of treatment. Height was mea-
sured three times using a Harpenden stadiometer, which provided accuracy up to 0.1 cm.
The average height was calculated from these measurements. Body weight was measured
using certified medical scales with an accuracy of £100 g.

2.4. Data Analyses

The auxological index calculator (developed by U. Smyczynska and P. Smyczynska)
was used to convert anthropometric parameters to SDs based on the Polish centile charts
of Warsaw children from 2001 [24]. Unsatisfactory response to treatment was determined
by the body height difference (AHt) between treatment initiation and follow-up at 12 and
24 months, with a threshold of less than 0.3 SDs.

The IGF-1 concentration was measured in laboratories affiliated with the treatment
centers. In each patient, irrespective of the treatment center, a fasting blood sample was
taken in the morning during the follow-up visit. The IGF-1 determination was performed
in the laboratory within 24 h, during which time the material was stored according to labo-
ratory procedures. At each center included in the study, IGF-1 concentration is determined
using the immunoassay method.

At the centers in Katowice, Warsaw, and Wroclaw, IGF-1 was measured by random-
access immunoassay with enzyme-linked enhanced chemiluminescence (CLIA) using the
Siemens IMMULITE 2000 XPi Immunoassay System (Siemens Healthcare Diagnostics Inc.
Laboratory Diagnostics 62 Flanders-Bartley Road Flanders, NJ, USA).

In this assay, murine anti-IGF-1 is coated on solid phase beads to act as the capture
antibody, while polyclonal rabbit anti-IGF-1 conjugated to alkaline phosphatase serves as
the detection antibody. The manufacturer’s instructions include an on-board predilution
and acidification step (pHb3.1) to bypass IGFBP interferents, ensuring the separation of
IGF-1 and IGFBP-3. Following sample re-neutralization, excess IGF2 is added to block the
IGFBP binding sites, preventing re-aggregation of IGF-1 and IGFBP-3 [13,25].

In Bialystok and Szczecin, the patented electrochemiluminescence (ECL) technology
method for immunoassays—Elecsys® IGF-1 (COBAS e 411 analyzer, Roche Diagnostics
GmbH, Mannheim, Germany)—is used for IGF-1 determination.

According to the manufacturer’s instructions, the methodology is as follows: the com-
plexed antigen in the sample (10 uL) and diluted HCl react to cleave IGF-1 from IGFBP-3
and ALS. During the second incubation, the biotinylated IGF-1 monoclonal antibody and
IGF-1 monoclonal antibody (labeled with ruthenium complex) react to form a sandwich-
type complex. The streptavidin-coated microparticles facilitate the binding of the complex
to the solid phase through the interaction between biotin and streptavidin. Following this,
the reaction mixture is transferred to the measuring cell, where the microparticles are mag-
netically captured on the electrode surface. ProCell/ProCell M is then utilized to remove
any unbound substances. By applying a voltage to the electrode, chemiluminescent emis-
sion is induced and subsequently measured by a photomultiplier. The results are obtained
from a calibration curve specific to the instrument, which is generated through a 2-point
calibration and a standard curve provided by the reagent barcode or barcode e [26,27].

There was overlap between reference intervals at the above centers, therefore patients
from both centers were analyzed as one group.
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In Krakow, IGF-1 levels were determined using a radioimmunoassay for in vitro quanti-
tative measurement of human insulin-like growth factor 1 (IGF-1) in serum (SM-C-RIA-CT
from DIAsource ImmunoAssays S.A., Rue du Bosquet, 2 B-1348 Louvain-la-Neuve, Belgium).
Activity was measured using a WIZARD 1470 gamma-ray counter from PerkinElmer®
(940 Winter Street, Waltham, MA, USA).

To enhance the clinical performance of the assay, DIAsource has incorporated a pre-
treatment step. In this kit, a specific amount of 125I-labeled IGF-1 is introduced to compete
with the IGF-1 present in the sample or calibrator for a fixed number of antibody sites
immobilized on the polystyrene tube’s inner wall. Following a 2 h incubation at room tem-
perature with gentle shaking, the competition reaction is completed during the aspiration
step. Subsequently, the tubes are washed with 2 mL of washing solution and aspirated. By
plotting a calibration curve, the IGF-1 concentrations in the samples can be determined by
interpolating the corresponding dose from the calibration curve [28].

The cut-off values for IGF-1 concentrations for both local laboratories and the Italian
population were set at 3 percentile and 97 percentile for sex and age. Values < 3rd percentile
were considered below normal, while values >97th percentile were considered above
normal for age and gender.

In every clinical center enrolled in the study, center-specific laboratory IGF-1 concen-
tration standards were used. Reference intervals used in every GH treatment center are
presented in Table 1.

The local standards, to which the results of patients at a particular treatment center
were compared, were provided by the laboratory performing the test, based on the stan-
dards included in the manufacturer’s specifications for the used test. The result of the
IGF-1 determination was compared to the center-specific standard. The norms provided
by the manufacturers, and therefore used during the follow-up visits of patients treated
with rhGH, are based on healthy subjects. For the purposes of this article, the result of the
determination of IGF-1 concentration was compared to the local norm, as well as to the
population norm chosen by the authors on the example of the Italian norm (due to the lack
of a Polish norm).

To compare reference ranges, the data provided by Bedogni et al. were utilized. In
their study, IGF-1 measurements were conducted on 24,403 children (50.6% girls) aged
0 to 18 years using a solid phase, enzyme-labeled chemiluminescent immunometric assay.
Age- and sex-specific reference values were generated by employing quantile regression
combined with multivariable fractional polynomials [13].

An unsatisfactory response to treatment was characterized by a difference in body
height (AHt) between treatment initiation and follow-up at 12 and 24 months that was
less than 0.3 SDs. Based on their treatment response, patients were categorized into two
groups: those with a poor response (AHt SDs < 0.3) and those with a good response
(AHt SDs > 0.3) (Table 2).

Table 2. Local reference ranges of clinical centers enrolled in the study:.

IGF-1 [ng/dL]

Center Bialystok + Szczecin Katowice Warsaw Wroclaw Krakow
Sex Male Female Male Female Male Female Male Female Male Female
Age
[years]
1 11.8-96.4 18.7-104 15-189 15-272 15-129 18.2-172 55-327 55-327 32-339 45-361
2 13.9-104 26.1-128 15-189 15-272 15-129 18.2-172 51-303 51-303 32-339 45-361
3 18.9-116 34.2-155 15-189 15-272 15-129.1 35.4-232 49-289 49-289 47-287 42-276
4 26.8-134 43.2-185 47-231 55-248 22-208 35.4-232 49-283 49-283 47-287 42-276
5 36.6-156 53.0-216 47-231 55-248 22-208 35.4-232 50-286 50-286 47-287 42-276
6 47.1-184 63.6-250 47-231 55-248 40.1-255 56.9-277 52-297 52-297 75-311 59-297
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Table 2. Cont.

IGF-1 [ng/dL]

Center Bialystok + Szczecin Katowice Warsaw Wroclaw Krakow
Sex Male Female Male Female Male Female Male Female Male Female
7 57.5-216 75.0-286 55-222 80-233 40.1-255 56.9-277 57-316 57-316 75-311 59-297
8 67.5-254 87.3-324 55-222 80-233 40.1-255 56.9-277 64-345 64-345 75-311 59-297
9 76.9-296 99.9-363 55-222 80-233 68.7-316 118-448 74-388 74-388 85-553 188-515
10 85.7-343 112-398 95-315 96-545 68.7-316 118-448 88-452 88-452 85-553 188-515
11 93.9-392 123-427 95-315 96-545 143-506 170-527 111-551 111-551 85-553 188-515
12 101-434 132-451 95-460 147-549 143-506 170-527 143-693 143-693 139-727 214-753
13 108-467 140-468 95-460 147-549 177-507 191-496 183-850 183-850 139-727 214-753
14 115-489 146-480 211-512 208-444 177-507 191-496 220-972 220-972 139-727 214-753
15 120-501 151-485 211-512 208444 173-414 190-429 237-996 237-996 123-1016 210-1064
16 125-503 154-485 57-426 176-429 173-414 190-429 226-903 226-903 123-1016 210-1064
17 129-495 156479 57-426 176429 173-414 190-429 193-731 193-731 123-1016 210-1064
18 132-476 156466 57-426 176429 173-414 190-429 163-584 163-584 135-1276 70-758
ECL Elecsys® IGF-1 CLIA (Siemens CLIA (Siemens CLIA (Siemens SM-C-RIA-CT
Method:  (COBAS e 411 analyzer, IMMULITE 2000 XPi IMMULITE 2000 XPi IMMULITE 2000 XPi (DIAsource
Roche) Immunoassay System) Immunoassay System) Immunoassay System) ImmunoAssays S.A.)

2.5. Statistical Analyses

Statistical analyses were performed using the R programming and statistical environ-
ment (“R environment: a language and environment for statistical computing. R Founda-
tion for Statistical Computing”, Vienna, Austria, version: 4.2.2). Descriptive statistics were
performed to describe individual subgroups by providing numbers and percentages of
individual subgroups for qualitative data. In order to estimate differences between groups
Fisher’s exact test for count data was used. Significance was set at p < 0.05.

2.6. Ethical and Legal Considerations

This study was carried out in compliance with the Statute of the Department of Pedi-
atrics, Endocrinology, Diabetology, Metabolic Disorders, and Cardiology of Developmental
Age (Statute no. WMS-123/01/5/12/2019), which was approved by the Pomeranian Medi-
cal University in Szczecin, Poland. It was an observational study conducted in accordance
with the guidelines outlined in the Declaration of Helsinki. Prior to the initiation of treat-
ment, the parents of all children receiving rhGH in Poland provided their consent for the
treatment.

3. Results
3.1. The IGF-1 Concentration in Accordance to Local or Population (Italian) Reference Range

At the start of the thGH treatment program, 185 patients (81%) remained within the
normal range for IGF-1 with reference to the local ranges and 215 (94%) with reference to
the population (Italian) reference ranges. After 1 year of treatment, with reference to the
local norm, 56 patients (24%) presented IGF-1 values > 97th percentile, whereas using the
population norm only 8 (3.5%) did so; p < 0.001. After 24 months of treatment, the values
were: 47 (33%) > 97th percentile by local standard vs. 6 (4.2%) by population standard;
p < 0.001 (Table 3).

__59__
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Table 3. IGF-1 concentration in accordance with local or Italian reference range.
. Local Reference Ranges, Population Reference 2
IGF-1 at Baseline n=2291 Ranges, 1 = 229 1 p-Value
Below norm 42 (18%) 14 (6.1%) <0.001
In norm 185 (81%) 215 (94%)
Above norm 2 (0.9%) 0 (0%)
IGF-1 after 12 months Local reference1 ranges, Population refererllce <0.001
n =229 ranges, n = 229
Below norm 1(0.4%) 1(0.4%)
In norm 172 (75%) 220 (96%)
Above norm 56 (24%) 8 (3.5%)
Local reference ranges, Population reference
IGF-1 after 24 months n=1441 ranges, n = 144 1 <0.001
Below norm 1(0.7%) 1(0.7%)
In norm 96 (67%) 137 (95%)
Above norm 47 (33%) 6 (4.2%)

1 11 (%); % Fisher’s exact test.

3.2. The IGF-1 Concentration in Non-Responding Subgroup (AHt SDs < 0.3)

After the first 12 months of treatment 37 patients out of 229 (16%) met the crite-
rion of poor response to treatment defined by AHt SDs < 0.3 and 64 patients out of
144 (44%) after 24 months of treatment. After 12 months of rhGH treatment eight (22%)
patients who met the criterion of poor response to treatment presented IGF-1 values were
elevated > 97th percentile while assessing with the local reference ranges and three (8.1%)
while using the population norms. After 24 months of treatment, the values were: 18
(28%) > 97th percentile by local standard vs. 3 (4.7%) by population standard; p < 0.001
(Table 4).

Table 4. IGF-1 concentration among patients who did not respond to treatment (AHt SDs < 0.3).

IGF-1 after 12 Local Reference Ranges, Population Reference p-Value 2
Months n=371 Ranges, n =371 0.2
Below norm 0 (0%) 0 (0%)
In norm 29 (78%) 34 (92%)
Above norm 8 (22%) 3 (8.1%)
IGE-1 after 24 months Local referenc$ ranges, Population referelnce <0.001
n==64 ranges, nn = 64
Below norm 1(1.6%) 1(1.6%)
In norm 45 (70%) 60 (94%)
Above norm 18 (28%) 3 (4.7%)

111 (%); 2 Fisher’s exact test.

3.3. Patients with r+hGH Dose Reduction Due to Elevated IGF-1 Concentration Level Based on
Local or Italian Reference Range

The rhGH dosing was compared in the same group of patients with reference to the
local and population norms. After 12 months, 39 patients (17%) required growth hormone
dose reduction, of which, with reference to the local norm, 12 (25%) had elevated IGF-1
levels > 97th percentile and 5 (13%) with reference to the population norm; p < 0.05. After
24 months, 35 (25%) patients required dose reduction, of which 23 (66%) had elevated
IGF-1 with reference to the local norm and 4 (11%) with reference to the population norm;
p > 0.05. The group of patients without reduced rhGH dose included those with elevated
IGF-1 levels > 97th percentile.
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4. Discussion

The concentrations of IGF-1 can be influenced by various physiological variables
and clinical conditions. Factors such as age, pubertal stage, pregnancy, and extremes of
body mass index hold particular significance and should be carefully considered when
interpreting results [17]. During childhood and puberty, the IGF-1 concentration undergoes
the most substantial changes, while its rate of change slows down with advancing age. To
establish normative data, it is crucial to stratify age groups based on well-designed studies
and perform statistical analysis on the normative data [18].

The clinician interpreting the IGF-1 results should be aware that chronic diseases
such as cirrhosis, liver failure, and renal failure or taking estrogen medication affect the
outcome [29].

IGF-1 value is also affected by the technique of collection of blood samples, storage
of the material, and the time from blood sampling to the assay. It is postulated that blood
samples should be processed within 2 h to avoid an artifactual increase in results [17].
Special attention should therefore be paid to possible prelaboratory error due to prolonged
processing of the material. Therefore, it seems impossible to organize one central laboratory
to carry out IGF-1 assays for all patients treated with growth hormone in the case of a
country such as Poland. In blood, IGF-1 is present in a complex with insulin-like growth
factor binding protein type 3 (IGFBP-3) and acid labile subunit (ALS). In order to obtain
the most reliable measurements, this complex should be broken down before the assay is
performed. In each of the methods used in treatment centers enrolled in this study, IGF-1 is
released from binding proteins [25,26,28].

As part of the treatment of short stature in SGA children, pharmacological doses of
rhGH are used, higher than in the treatment of somatotropin hypopituitarism. One reason
for this is that SGA patients are a very heterogeneous group and the cause of short stature
and lack of catch-up growth is attributed to, among other things, already reduced IGF-1
concentrations from the fetal period or partial resistance to GH, rather than a deficiency of
endogenous growth hormone per se [30]. The use of pharmacological doses of hormone
poses the risk of developing more side effects. At the same time, it is known that an increase
in IGF-1 levels is observed in good response to GH treatment. When analyzing groups of
patients treated for short stature of various etiologies, it can be observed that many of them
do not respond as expected to treatment. Reasons for this may include a reduction in the
dose of growth hormone, secondary to elevated IGF-1 concentrations above the reference
value. This makes it all the more relevant that, depending on the accepted IGF-1 standard,
a different proportion of patients require dose reduction (Table 5).

Table 5. Patients with rhGH dose reduction due to elevated IGF-1 concentration level based on local
or population reference range.

Population Reference

1
Local Reference Ranges Ranges p-Value
After With thGH Without With thGH Without
dose rhGH dose dose rhGH dose
12 months . . R R <0.05
0 =207 reduction reduction reduction reduction
n=39 n =188 n=39 n =188
Below norm 0 0 0 0
In norm 27 (75%) 144 (77%) 34 (87%) 185 (98%)
Above norm 12 (25%) 44 (23%) 5 (13%) 3 (2%)
After With thGH Without With thGH Without
dose rhGH dose dose rhGH dose
24 months . R R R 0.67
n = 140 reduction reduction reduction reduction
n=35 n =105 n=35 n =105
Below norm 0 0 0 0
In norm 12 (34%) 81 (77%) 31 (89%) 103 (98%)
Above norm 23 (66%) 24 (23%) 4 (11%) 2 (2%)

1 Fisher’s exact test.
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The authors of a previous article covering the same population noted that during
follow-up most patients maintained IGF-1 levels within the normal range [12]. This obser-
vation did not coincide with clinical experience. The researchers’ attention was drawn to
the fact that there was a higher proportion of patients who required rhGH dose modifi-
cation due to elevated IGF-1 levels in daily clinical practice than some published results
indicated. This difference is attributable to the fact that, in the absence of standardized
pediatric IGF-1 concentration norms, the population norms described by Bedogni et al.,
in the Italian population were used for the previous analysis in order to standardize the
analyzed data. After reviewing the IGF-1 values in relation to the local norms used in each
center, presented by the laboratory performing the IGF-1 assay, it became clear that there
were statistically significant differences between the standards.

The authors of this article concluded that it is difficult to standardize the management
of GH therapy in a country as large as Poland. One of the reasons might be that right now,
due to the open market and the fact that laboratories supporting GH treatment centers
independently choose the IGF-1 measurement method, it is not possible to designate only
one method for the entire country. The suggestion to choose one manufacturer for the
whole country is worth emphasizing in recommendations.

The IGF-1 levels at the baseline for age and sex with reference to the local norm were
observed in 81% of patients, while when using the Italian population norm, 94% of patients
were defined as having normal IGF-1 levels. In general, while using the local reference
ranges, in 24% of patients after 12 months and in 33% of patients after 24 months of rhGH
treatment elevation of IGF-1 above the 97th percentile was observed. The values obtained
using local standards are higher than those presented by Cabrol et al. [31]. On the other
hand, with usage of the Italian norms the percentages were: 3.5% after 12 months and 4.2%
after 24 months.

Bearing in mind that the assessment of IGF-1 levels determines the dosage and possible
exclusion of the patient from the therapeutic program, it seems extremely important to
analyze these norms.

Other researchers have attempted to create IGF-1 reference values for pediatric popu-
lations [18,32]. It seems justified to attempt to create analogous values dedicated to both
the general pediatric population in Poland and to children treated with thGH, including
those born SGA. It has been repeatedly demonstrated that rhGH dosing based on IGF-1
concentrations compared to dosing based on the patient’s body weight results in a better
response to treatment and, consequently, achievement of the expected final height [9,10] Al-
though some of the cited studies included a group of children with idiopathic short stature
(ISS), it can be assumed that SGA children were also included. It has been postulated that
this method of rhGH dosing and therapy management allows individualization of treat-
ment, especially in the case of possible partial resistance to thGH. In their study, Park et al.
showed that guiding therapy and maintaining elevated IGF-1 concentrations (even up to
+3 SDs for sex and age) results in a good response to treatment while also demonstrating
the safety of therapy. After dose reduction/termination of treatment, IGF-1 concentrations
returned to the expected range. Higher IGF-1 concentrations were associated with higher
dose of rhGH and therefore better growth [33].

In our study group, 39 children (17%) required dose reduction after 12 months of
treatment and 35 children (25%) after 24 months. These values are similar to the data
presented by Cabrol et al. [31]. Depending on the reference value adopted, a statistically sig-
nificantly different proportion of patients had IGF-1 levels > 97th percentile. The reference
ranges based on Bedgoni et al.’s work are more tolerable and may be more favorable for
the patient, assuming that GH dosing is based only on IGF-1 concentrations. At the same
time, it should be noted that the group of patients without dose reduction also included
patients with elevated IGF-1. This indicates that the IGF-1 value is not the only criterion on
which rhGH dosing depends.

In the course of collecting data for this publication and from the authors” experience,
an increased number of side effects if elevated IGF-1 levels persisted was not observed.
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The reduction of the growth hormone dose was mostly due to the terms of the nationwide
rhGH treatment program. It would be optimal to create IGF-1 reference ranges based on
the Polish population and preferably dedicated to specific subgroups treated with rhGH.
Another parameter assessed at the follow-up visit and which determines the continuation
or modification of treatment is body height and, consequently, the assessment of growth.
One of the criteria used is the difference in body height expressed in SDs. A AHt SD < 0.3 is
considered a criterion for a poor response [34]. In our study group, considering only
patients with AHt SDs < 0.3 after 12 months of rhGH treatment, eight (22%) patients
presented IGF-1 values that were elevated > 97th percentile while assessing with the local
reference ranges and three (8.1%) while using the population norms. After 24 months of
treatment, the values were: 18 (28%) > 97th percentile by local standard vs. 3 (4.7%) by
population standard. An increase in IGF-1 is a prognostic indicator of response to treatment.
It may be observed that children have IGF-1 concentrations in the normal range during
treatment and respond poorly. It should be noted that there are many factors influencing
treatment, such as the advancement of bone age, the presence of dysmorphic features
which may be indicative of a genetically determined disorder (short statue syndrome), etc.
We have discussed this topic in our previous paper [12].

Recombinant human growth hormone has been extensively utilized for the treatment
of short stature in children since 1985. Indications for treatment include somatotropic
hypopituitarism, Turner syndrome, SGA, and others. Due to its biological activity, con-
sisting of anti-apoptotic and mitogenic effects, the involvement of IGF-1 in the potential
development of malignancy has been extensively studied. It has been demonstrated in
mouse models and in vitro human tumor tissues that elevated IGF-1 slightly increases
the risk of malignancy, but this was not supported in human models. On the basis of
numerous meta-analyses and systemic reviews, it is postulated that elevated IGF-1 due to
the biological effects of thGH does not increase the risk of malignancy during and after
growth hormone treatment. Treatment with thGH is considered safe [35,36]

In addition, metabolic complications in the form of lipid or carbohydrate disturbances
are mentioned as side effects of excessive IGF-1 concentrations [37].

Xu et al., in their meta-analysis, demonstrated that abnormalities in glucose metabolism
and insulin sensitivity begin during preadolescence in children with SGA. Furthermore,
the study revealed that these metabolic abnormalities may progressively worsen over time.
There is a potential association between SGA and the onset of diabetes at an early age [38].

In light of these data, the safety of GH treatment, whose spectrum of action includes
anabolic and hyperglycemic effects, has been debated. However, it has been shown that
HOMA-IR increases during the first year of therapy but stabilizes throughout therapy and
normalizes after the end of therapy [39].

At the same time, the relationship between rhGH dose and response to treatment is
very well documented—the higher the initial dose, the better the therapeutic effect [40].
Therefore, with the patient’s best interest in mind, it would be advisable to try to avoid
rhGH dose reduction. In our analysis, it is evident that, depending on the adopted standard,
a statistically significantly different proportion of patients was found above the 97 percentile
for sex and age in the context of IGF-1 levels.

Another factor influencing the response to treatment is the age at the start of therapy.
The mean age of treatment initiation for our study group was 108 months (9 years). As we
showed in the previous article, this is later than the recommended 4 years for the Polish
population, but comparable to the age reached in other European centers [12,41,42]. The
identification of short stature patients born SGA should be pursued as early as possible as
one of the factors that can significantly affect therapeutic outcomes. It has been proven that
only the free fraction of IGF-1 shows bioactivity. This makes the triple complex, by reducing
the availability of IGF-1 to target cells, the main reservoir of IGF-1 in the circulation, as
well as the main regulator of its bioavailability and bioactivity [43]. In view of this, the
question arises as to whether IGF-1 concentration is a good marker of response to growth
hormone treatment, or whether an assessment of bioactive IGF-1 would be better. In their
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study, Wegmann et al. undertook an analysis of bioactive IGF-1 concentration compared to
total IGF-1 concentration in SGA children treated with thGH. Despite elevated total IGF-1
concentrations, the majority of children exhibited bioactive IGF concentrations within the
normal range, as demonstrated by their study.

This may be an argument for the safety of the therapy and condoning the maintenance
of a higher dose of rhGH despite elevated IGF-1 [44].

Given all of the above, it appears that the temporary maintenance of elevated IGF-1
levels above reference ranges is safe and beneficial for the patients.

In view of the growing group of children being treated for short stature, it would
be advisable to review the methods of IGF-1 measurement and to consider standardizing
them across the country, which would enable therapy to be administered fairly. It also
seems reasonable to try to create IGF-1 reference ranges dedicated to specific subgroups of
children treated with rhGH. This requires further research.

Limitations of Work

One study limitation is the size of the group—although, as the reviewer of our previous
paper pointed out, there are still not many reports covering rhGH therapy in SGA children.

Another study limitation is the potential heterogeneity of the SGA group, which may
affect IGF-1 concentrations and consequently the response to treatment. However, low
baseline IGF-1 concentrations, secondary to, e.g., a low body weight, were not reported.

A limitation of the study is the fact that IGF-1 determination was performed in different
laboratories with equipment from different companies and with different testing methods.
However, data were compared to center-specific standards.

The work was also limited by its observational nature.

5. Conclusions

The different methods used to determine IGF-1 concentration and the different IGF-
1 reference ranges result in a significant proportion of rhGH-treated children with ele-
vated IGF-1 concentration and experiencing dose reductions, which may negatively affect
growth rate.

It would be optimal to determine IGF-1 levels in all children using the same method
and in the same laboratory, but this is difficult to achieve in a country with a population
similar to the Polish one.

In view of the increasing number of short stature patients being treated with growth
hormone, it would appear reasonable to create IGF-1 standards dedicated to each of the
subgroups provided with rhGH treatment.
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9. Streszczenie

9.1. Streszczenie w jezyku polskim

Wstep

Niskorosto$§¢ wynikajaca z SGA jest od 2015 r. obligatoryjnym wskazaniem do
leczenia thGH w Polsce. Populacja pacjentéw urodzonych jako zbyt mali do czasu trwania
cigzy jest heterogenna, co wptywa na efekty leczenia i w ostatecznosci wzrost koncowy tych
pacjentow. Wielokrotnie udowodniono bezpieczenstwo i korzysci wynikajace z leczenia rhGH.
Ocena stgzenia IGF-1 jest jednym z parametréw wykorzystywanych do oceny odpowiedzi na
leczenie. Wzrost stezenia IGF-1 pozytywnie koreluje z poprawa wzrastania, jednak stezenie
IGF-1 znacznie przekraczajace zakres referencyjny moze zwigksza¢ ryzyko mozliwych dziatan

niepozadanych.

Cele

Postawiono dwa gléwne cele pracy:

1. Ocena odpowiedzi na leczenie thGH u pacjentéw leczonych w latach 2016-2020 w szesciu
osrodkach klinicznych w Polsce.

2. Ocena zakresow referencyjnych IGF-1 stosowanych w osrodkach prowadzacych leczenie

rhGH i poréwnanie tych warto$ci z populacyjnymi zakresami referencyjnymi.

Material i metody

Badanie miato charakter retrospektywny, obejmujacy dane pacjentéw leczonych
w latach 2016-2020 w szesciu osrodkach uniwersyteckich w Polsce. Analizowano dane
medyczne 1 auksologiczne pacjentow w trakcie kwalifikacji do leczenia thGH oraz w trakcie
rutynowych wizyt kontrolnych w ciagu dwoch pierwszych lat terapii. Wizyty odbywaly sie¢
w pierwszym roku leczenia co 3 miesigce, nastgpnie co 6 miesiecy (+3 miesigce). Wszyscy
pacjenci uwzglednieniu w badaniu przeszli proces kwalifikacyjny do leczenie thGH zgodnie
z ujednoliconymi wytycznymi Programu Lekowego oraz uzyskali pozytywna opini¢ Zespotu
Koordynacyjnego ds. Stosowania Hormonu Wzrostu. Stezenie IGF-1 w surowicy krwi
oceniano u kazdego pacjenta na czczo metodg immunologiczng i poréwnywano z zakresami
referencyjnymi stosowanymi przez lokalne laboratorium wykonujace oznaczenie oraz
z normami populacyjnymi na podstawie populacji dzieci wloskich przedstawionych przez

Bedogni et. al.
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W pierwszej publikacji grupe badang stanowito 235 dzieci (137 chtopcéw), ktorych
sredni wiek w momencie rozpoczgcia terapii wynosit 9,08 lat, a 190 pacjentow byto ocenione
na I stopien pokwitania wg skali Tannera. Pacjentoéw podzielono na grupy w zaleznos$ci od
rozpoznania dodatkowego: (1) pacjenci z niecharakterystycznymi cechami dysmorfii, (2)
pacjenci z alkoholowym zespotem plodowym (FAS) oraz (3) pacjenci zespolem Silvera-
Russela (SRS). Zl3 odpowiedz na leczenie zdefiniowano jako AHt SDS<0,3 i/lub
AHV<3 cm/rok.

W drugiej publikacji grupe badang stanowito 229 dzieci (134 chtopcéw), ktérych
sredni wiek w momencie rozpoczecia terapii wynosit 9 lat, a 186 pacjentéw nie rozpoczeto
jeszcze pokwitania (I stopien wg skali Tannera). Zta odpowiedz na leczenie zdefiniowano jako

AHt SDS<0,3 i/lub AHV<3 cm/rok.

Wyniki z pierwszej publikacji

Siedemnascie procent wszystkich pacjentoéw po pierwszym roku i 44% po drugim roku
spetito kryterium AHt SDS < 0,3, a 56% w pierwszym i 73% w drugim roku spetnito kryterium
AHV<3 cm/rok. U pacjentow z SRS wykazano najlepsza odpowiedZ na leczenie, ktoéra

utrzymywata si¢ przez caty okres obserwacji.

Wyniki z drugiej publikacji

Po 12 miesigcach u 56 pacjentow (24%) stwierdzono wartosci IGF-1>97. centyla dla
lokalnego zakresu referencyjnego, podczas gdy tylko u 8 (3,5%) pacjentow przy zastosowaniu
populacyjnych zakresow referencyjnych; p<0,001. Po 24 miesigcach leczenia wartosci te
wynosity: 47 (33%)>97. centyla wedlug norm lokalnych vs. 6 (4,2%) wedtug norm populacyj-
nych; p<0,001. U 39 pacjentow zmniejszono dawke rhGH po 12 miesigcach, z ktorych
dwunastu (25%) miato IGF-1>97. centyla wedtug lokalnych zakresow referencyjnych, a pigciu
(13%) > 97. centyla dla populacji.

Whioski

Na podstawie cyklu prac sformutowano nastgpujace wnioski:

1. Pomimo starannej 1 szczegotowej kwalifikacji pacjentéw do programu terapeutycznego,
17% z nich nie odnosi korzyS$ci z pierwszego roku terapii, a 44% z drugiego roku, biorac
pod uwage parametr AHt SDS<0,3. Kryterium AHV<3 cm/rok wykazuje wyzszy odsetek
pacjentow ze stabg odpowiedzig na leczenie (odpowiednio 56% w pierwszym roku i 73%

w drugim roku).
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2. Pomimo wysokich wskaznikow stabej odpowiedzi na leczenie, zarowno Ht SDS, jak i HV
w calej badanej grupie i we wszystkich podgrupach ulegly istotnej statystycznie poprawie.
Pacjenci z SRS byli znacznie mtodsi na poczatku badania 1 wykazywali najlepsza
odpowiedz na leczenie, ktora utrzymywata si¢ przez caly okres obserwacji.

3. Pacjenci przed rozpoczeciem dojrzewania lepiej odpowiadali na leczenie w porownaniu z
calg grupa badang. Niezaleznie od stopnia dojrzewania w momencie rozpoczgcia leczenia,
najlepsza odpowiedz obserwowano po pierwszych 12 miesigcach terapii.

4. Pacjenci z alkoholowym zespolem ptodowym prezentowali najwolniejsze tempo
wzrastania przed leczeniem i byli najpdzniej kwalifikowani do Programu Lekowego.

5. Badanie wykazato, ze w zalezno$ci od przyjetego kryterium oceny odpowiedzi na leczenie
uzyskuje si¢ rozne odsetki pacjentow. Ocena tempa wzrastania wykazywata wyzszy
odsetek pacjentéw ze ztg odpowiedzig na leczenie.

6. Doktadne monitorowanie prowadzonej terapii, indywidualne podejscie do pacjenta,
weryfikacja dawkowania, sposobu leczenia i decyzja o jego kontynuacji po roku sa
niezbedne do optymalizacji efektow leczenia. W celu utrzymania dobrego tempa
wzrastania zaleca si¢ indywidualizacj¢ dawkowania GH u dzieci z SGA.

7. W zaleznos$ci od przyjetej normy u istotnego odsetka dzieci stwierdzono podwyzszone
stezenie IGF-1 powyzej gornej granicy normy, a co za tym idzie zdecydowano o redukcji

dawki rhGH, co moze negatywnie wplywac na tempo wzrastania i koncowy efekt leczenia.
9.2. Streszczenie w jezyku angielskim

Introduction

Short stature resulting from SGA has been a mandatory indication for thGH treatment
in Poland since 2015. The population of patients born small for gestational age is
heterogeneous, which influences the treatment outcomes as well as the final growth. The safety
and benefits of thGH treatment have been repeatedly confirmed. Assessment of IGF-1 level is
one of the parameters that are included in the assessment of response to treatment during
mandatory follow-up visits. An increase in IGF-1 correlates with good response to thGH
treatment, but persistent elevated IGF-1 level above reference range may increase the risk of

side effects.

Aims of the study
Two main aims of the study were:
1. Assessment of the response to thGH treatment in patients treated in 2016-2020 in six

clinical centers in Poland.
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2. To evaluate the IGF-1 local reference ranges for the rhGH treatment centers concerned and

to compare these values with the population reference ranges.

Materials and Methods

The study was retrospective in nature and encompassed data from patients treated
between 2016 and 2020 at six university centers in Poland. Medical and auxological data of
patients were analyzed during the qualification for thGH treatment and during routine follow-
up visits within the first two years of therapy. Visits occurred every 3 months during the first
year of treatment and then every 6 months (£3 months). All patients included in the study
underwent the qualification process for rhGH treatment in accordance with the standardized
guidelines of the Drug Program and received a positive opinion from the Coordination Team
for Growth Hormone Use. The serum IGF-1 concentration was assessed for each patient in
a fasting state using the immunological method and compared to the reference ranges used by
the local laboratory for measurement, as well as to population norms based on the Italian
children population presented by Bedogni et al.

In the first publication, the study group consisted of 235 children (137 boys) with
a mean age of 9.08 years at the start of therapy. 190 patients were evaluated at Tanner stage 1.
Patients were divided into groups based on their additional diagnosis: (1) Patients with non-
specific dysmorphic features, (2) Patients with fetal alcohol syndrome (FAS), and (3) Patients
with Silver-Russell syndrome (SRS). Poor response to treatment was defined as AHt SDS<0.3
and/or AHV <3 cm/year.

In the second publication, the study group included 229 children (134 boys) with
a mean age of 9 years at the start of therapy, and 186 patients had not yet reached Tanner stage

I. Poor response to treatment was defined as AHt SDS<0.3 and/or AHV<3 cm/year.

Results from the first publication

Seventeen percent of all patients after the first year and 44% after the second year met
the criteria of AHt SDS <0.3, while 56% in the first year and 73% in the second year met the
criteria of AHV <3 cm/year. Patients with SRS showed the best response to treatment, which

was sustained throughout the entire observation period.

Results from the second publication
After 12 months, 56 patients (24%) had IGF-1 values >97™ percentile for the local
reference range, while only 8 patients (3.5%) did so using population reference ranges; p<0.001.

After 24 months of treatment, these values were 47 (33%)>97th percentile according to local
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norms vs. 6 (4.2%) according to population norms; p<0.001. The dosage of thGH was reduced

in 39 patients after 12 months, of whom twelve (25%) had IGF-1 >97% percentile according to

local reference ranges, and five (13%) >97" percentile for the population.

Conclusions

Based on the course of the study, the following conclusions were formulated:

1.

Despite careful and detailed patient qualification for the therapeutic program, 17% of them
did not benefit from the first year of therapy, and 44% from the second year, considering
the parameter AHt SDS <0.3. The AHV<3 cm/year criterion shows a higher percentage of
patients with a poor response to treatment (56% in the first year and 73% in the second
year, respectively).

Despite high rates of poor response to treatment, both Ht SDS and HV improved
significantly in the entire study group and in all subgroups. Patients with SRS were
significantly younger at the beginning of the study and exhibited the best response to
treatment, which was sustained throughout the entire observation period.

Patients responded better to treatment before the onset of puberty compared to the entire
study group. Regardless of the stage of puberty at the start of treatment, the best response
was observed after the first 12 months of therapy.

Patients with fetal alcohol syndrome had the slowest growth rate before treatment and were
the latest to qualify for the Drug Program.

The study showed that depending on the chosen criterion for assessing treatment response,
different percentages of patients are obtained. Assessment of growth rate showed a higher
percentage of patients with a poor response to treatment.

Accurate monitoring of therapy, an individualized approach to the patient, dosage
verification, treatment method, and the decision to continue after a year are essential for
optimizing treatment outcomes.

To maintain good HV, individualization of GH dosage is recommended for children with
SGA.

Depending on the chosen norm, a significant percentage of children have elevated IGF-1
levels above the upper limit of the norm, leading to a reduction in rhGH dosage, which can

negatively affect growth rate and the final treatment outcome.
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(adres) 40-752 Katowice, ul Medykdw 16

tel. 32 207 16 54

OSWIADCZENIE WSPOLAUTORA

Potwierdzam moj wktad pracy w przygotowanie nastepujgcych publikacji naukowych:

Glinska, M.; Walczak, M.; Wikiera, B.; Pyrzak, B.; Majcher, A.; Paluchowska, M.; Gawlik, A.; Antosz,
A.; Kusz, M.; Bossowski, A.; 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. ). Clin. Med. 2022, 11, 3096. https://doi.org/10.3390/jcm11113096 ; (IF 3,9,
punkty MNiSW 140)

Maj wkiad pracy polegat na rekrutacji pacjentéw do badania, zarzadzaniu danymi i wyniost 2%.

Gliriska, M.; Walczak, M.; Wikiera, B.; Pyrzak, B.; Majcher, A.; Paluchowska, M.; Gawlik, A.; Antosz,
A.: Kusz, M.; Bossowski, A.; et al. Difficulties in Interpreting IGF-1 Levels in Short Stature Children
Born Small for Gestational Age (SGA) Treated with Recombinant Human Growth Hormone (rhGH)
Based on Data from Six Clinical Centers in Poland. J. Clin. Med. 2023, 12, 4392.
https://doi.org/10.3390/jecm12134392; (IF 3,9, punkty MNiSW 140)

Méj wktad pracy polegat na rekrutacji pacjentéw do badania, zarzadzaniu danymi i wyniost 2%.

Jednoczesnie wyrazam zgode na przediozenie w/w prac przez lek. Marte Gliriskg jako rozprawy
doktorskiej w formie spdjnego tematycznie zbioru artykutéw naukowych opublikowanych w
czasopismach naukowych.

Oéwiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ w/w prac wskazuje na indywidualny
wktad lek. Marty Gliskiej przy opracowywaniu koncepcji, opracowywaniu i interpretacji wynikow.

(Kliknij tutaj, aby wprowadzi¢ tekst.)
(imie i nazwisko, podpis)
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(adres)

OSWIADCZENIE WSPOLAUTORA

Potwierdzam maj wkiad pracy w przygotowanie nastepujacych publikacji naukowych:

Glinska, M.; Walczak, M.; Wikiera, B.; Pyrzak, B.; Majcher, A.; Paluchowska, M.; Gawlik, A.; Antosz,
A.; Kusz, M.; Bossowski, A.; 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, 11, 3096. https://doi.org/10.3390/jcm11113096 ; (iF 3,9,
punkty MNiSW 140)

M6j wkiad pracy polegat na rekrutacji pacjentéw do badania, zarzadzaniu danymi i wyni6st 2%.

Glinska, M.; Walczak, M.; Wikiera, B.; Pyrzak, B.; Majcher, A.; Paluchowska, M.; Gawlik, A.; Antosz,
A.; Kusz, M.; Bossowski, A.; et al. Difficulties in Interpreting IGF-1 Levels in Short Stature Children
Barn Small for Gestational Age (SGA) Treated with Recombinant Human Growth Hormone (rhGH)
Based on Data from Six Clinical Centers in Poland. /1 Clin. Med. 2023, 12, 4392,
https://doi.org/10.3390/jcm12134392; (IF 3,9, punkty MNiSW 140)

Moj wkiad pracy polegat na rekrutacji pacjentéw do badania, zarzagdzaniu danymi i wyniost 2%.

Jednoczesnie wyrazam zgode na przediozenie w/w prac przez lek. Marte Glitiskg jako rozprawy
doktorskiej] w formie spdjnego tematycznie zbioru artykutéw naukowych opublikowanych w
czasapismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ w/w prac wskazuje na indywidualny
wkiad lek. Marty Glinskiej przy opracowywaniu koncepcji, opracowywaniu i interpretacji wynikow.

(Kliknij tutaj, aby wprowadzic tekst.)
(imie i nazwisko, podpis)
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Katowice, 12.09.23r.

Lek. Marcin Kusz

Katedra i Klinika Pediatrii i Endokrynologii
Dzieciecej SUM w Katowicach

ul. Medykéw 16 40-752 Katowice

OSWIADCZENIE WSPOLAUTORA

Potwierdzam moj wkiad pracy w przygotowanie nastepujacych publikacji naukowych:

Gliniska, M.; Walczak, M.; Wikiera, B.; Pyrzak, B.; Majcher, A.; Paluchowska, M.; Gawlik, A.; Antosz,
A.; Kusz, M.; Bossowski, A.; 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, 11, 3096. https://doi.org/10.3390/jcm11113096 ; (IF 3,9,
punkty MNiSW 140)

Moj wktad pracy polegat na rekrutacji pacjentdw do badania, zarzadzaniu danymi i wynidst 2%.

Glinska, M.; Walczak, M.; Wikiera, B.; Pyrzak, B.; Majcher, A.; Paluchowska, M.; Gawlik, A.; Antosz,
A.; Kusz, M.; Bossowski, A.; et al. Difficulties in Interpreting IGF-1 Levels in Short Stature Children
Born Small for Gestational Age (SGA) Treated with Recombinant Human Growth Hormone (rhGH)
Based on Data from Six Clinical Centers in Poland. J. Clin. Med. 2023, 12, 4392,
https://doi.org/10.3390/jcm12134392; (IF 3,9, punkty MNiSW 140)

Maj wktad pracy polegat na rekrutacji pacjentdw do badania, zarzadzaniu danymi i wyniést 2%.

Jednoczes$nie wyrazam zgode na przedifozenie w/w prac przez lek. Martg Gliriskq jako rozprawy
doktorskiej w formie spdjnego tematycznie zbioru artykuléow naukowych opublikowanych w

czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ w/w prac wskazuje na indywidualny
wkiad lek. Marty Gliriskiej przy opracowywaniu koncepcji, opracowywaniu i interpretacji wynikow.
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Oswiadczenia wspolautorow

Biatystok, 25.09.2023
{miejscowos¢ i data)
Prof. dr hab. Artur Bossowski
{imie i nazwisko)
Klinika Pediatrii, Endokrynologii, Diabetologii

z Pododdziatem Kardiologii UMB
(Jednostka organizacyjna/Zaktad pracy)
ul. Waszyngtona 17, 15-274 Biatystok
(adres)

OSWIADCZENIE WSPOLAUTORA

Potwierdzam maéj wkiad pracy w przygotowanie nastepujacych publikacji naukowych:

Gliriska, M.; Walczak, M.; Wikiera, B.; Pyrzak, B.; Majcher, A.; Paluchowska, M.; Gawlik, A.; Antosz,
A.; Kusz, M.; Bossowski, A.; 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, 11, 3096. https://doi.org/10.3390/jcm11113096 ; (IF 3,9,
punkty MNiSW 140)

MGj wkiad pracy polegat na rekrutacji pacjentéw do badania, zarzadzaniu danymi i wyhidst 2%.

Glinska, M.; Walczak, M.; Wikiera, B.; Pyrzak, B.; Majcher, A.; Paluchowska, M.; Gawlik, A.; Antosz,
A.; Kusz, M.; Bossowski, A.; et al. Difficulties in Interpreting IGF-1 Levels in Short Stature Children
Born Small for Gestational Age (SGA) Treated with Recombinant Human Growth Hormone (rhGH)
Based on Data from Six Clinical Centers in Poland. J. Clin. Med. 2023, 12, 4392.
https://doi.org/10.3390/jcm12134392; (IF 3,9, punkty MNiSW 140)

MG6j wktad pracy polegat na rekrutacji pacjentow do badania, zarzadzaniu danymi i wynidst 2%.

Jednoczeénie wyrazam zgode na przediozenie w/w prac przez lek. Martg Gliriskg jako rozprawy
doktorskiej w formie spdjnego tematycznie zbioru artykutéw naukowych opublikowanych w
czasopismach naukowych.

Oéwiadczam, iz samodzielna i mozliwa do wyodrgbnienia cze$¢ w/w prac wskazuje na indywidualny
wklad lek. Marty Glifiskiej przy opracowywaniu koncepcji, opracowywaniu i interpretacji wynikow.

{(imie i hazwisko, podpis)
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Oswiadczenia wspolautorow

Biatystok, 26.09.2023
_ . (miejscowosc i data)
Karalina Stozek
(imie i nazwisktﬂ)k)‘*; -
Uniwersytet Medyczny w Biatymstoku,
Klinika Pediatrii, Endokrynologii, Diabetologii,
z Pododdziafern Kardiologii
(Jednostka organizacyjna/Zaktod pracy}
15-274 Biatystok ul. J. Waszyngtona 17
(adres)

OSWIADCZENIE WSPOLAUTORA

Potwierdzam maj wkiad pracy w przygotowanie nastepujacych publikacji naukowych:

Glinska, M.; Walczak, M.; Wikiera, B.; Pyrzak, B.; Majcher, A.; Paluchowska, M.; Gawlik, A.; Antosz,
A.; Kusz, M.; Bossowski, A.; 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, 11, 3096. https://doi.org/10.3390/jcm11113096 ; (IF 3,9,
punkty MNiSW 140)

Maj wkiad pracy polegat na rekrutacji pacjentow do badania, zarzagdzaniu danymi i wyniost 2%.

Gliiska, M.; Walczak, M.; Wikiera, B.; Pyrzak, B.; Majcher, A.; Paluchowska, M.; Gawlik, A.; Antosz,
A.; Kusz, M.; Bossowski, A.; et al. Difficulties in Interpreting IGF-1 Levels in Short Stature Children
Born Small for Gestational Age (SGA) Treated with Recombinant Human Growth Hormone (rhGH)
Based on Data from Six Clinical Centers in Poland. J. Clin. Med. 2023, 12, 4392.
https://doi.org/10.3390/jcm12134392; (IF 3,9, punkty MNiSW 140)

Moj wkiad pracy polegat na rekrutacji pacjentoéw do badania, zarzadzaniu danymi i wyniost 2%.

Jednoczesnie wyrazam zgode na przedtozenie w/w prac przez lek. Marte Glinskg jako rozprawy
doktorskiej w formie spdjnego tematycznie zbioru artykutéw naukowych opublikowanych w
czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ w/w prac wskazuje na indywiduqlny
wkiad lek. Marty Glifiskiej przy opracowywaniu koncepcji, opracowywaniu i interpretacji wynikéw.

(Kliknij tutaj, aby wprowadzic tekst.)
(imie i nazwisko, podpis)
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Kliknij tutaj, aby wprowadzi¢ tekst.
(miejscowos¢ i data)

ANNA  WEDRY (HOKICL \
Kliknij tutaj, aby wprowadzi¢ tekst. \(Y&Vvou‘ AX-08. 1013

(imie i nazwisko)
Kliknij tutaj, aby wprowadzi¢ tekst.
(Jednostka organizacyjna/Zaktad pracy)
Kliknij tutajag, aby wprowadzi¢ tekst.
(adres)
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potwierdzam méj wkiad pracy w przygotowanie nastepujacych publikacji naukowych:

Gliriska, M.; Walczak, M.; Wikiera, B.; Pyrzak, B.; Majcher, A.; Paluchowska, M.; Gawlik, A.; Antosz,
A.; Kusz, M.; Bossowski, A.; 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, 11, 3096. https://doi.org/10.3390/jcm11113096 ; (IF 3,9,

punkty MNiSW 140)

Méj wktad pracy polegat na rekrutacji pacjentéw do badania, zarzadzaniu danymi i wynidst 2%.

Glmska, M.; Walczak M.; Wlklera, B Pyrzak B Majcher, A.; Paluchowska, M.; Gawlik, A.; Antosz

A.; Kusz, M.; Bossowski, A.; et al. Difficulties in Interpreting IGF-1 Levels in Short Stature Children
Born Small for Gestational Age (SGA) Treated with Recombinant Human Growth Hormone (rhGH)
Based on Data from Six Clinical Centers in Poland. J. Clin. Med. 2023, 12, 4392.

https://doi.org/10.3390/jcm12134392; (IF 3,9, punkty MNiSW 140)

Méj wktad pracy polegat na rekrutacji pacjentéw do badania, zarzadzaniu danymi i wynidst 2%.

Jednoczeénie wyrazam zgode na przedfozenie w/w prac przez lek. Martg Gliriska jako rozprawy
doktorskiej w formie spéjnego tematycznie zbioru artykutéw naukowych opublikowanych w

czasopismach naukowych,

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ w/w prac wskazuje na indywidualny
wkiad lek. Marty Glifiskiej przy opracowywaniu koncepcji, opracowywaniu i interpretacji wynikow.

Dr hab.n.med. ANNA WEDRYCHOWIC:
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Oswiadczenia wspolautorow

Krakéw, dnia 13 wrzesnia 2023
(miejscowosc i data)
Jerzy B. Starzyk
(imie i nazwisko)
Klinika Endokrynologii Dzieci i Mtodziezy
Instytut Pediatrii Collegium Medicum

Uniwersytet Jagiellonski
(Jednostka organizacyjna/Zakfad pracy)
30-663 Krakdw ul. Wielicka 265

(adres)

OSWIADCZENIE WSPOLAUTORA

Potwierdzam méj wktad pracy w przygotowanie nastepujacych publikacji naukowych:

Glinska, M.; Walczak, M.; Wikiera, B.; Pyrzak, B.; Majcher, A.; Paluchowska, M.; Gawlik, A.; Antosz,
A.; Kusz, M.; Bossowski, A.; 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, 11, 3096. https://doi.org/10.3390/jcm11113096 ; (IF 3,9,
punkty MNiSW 140)

MG6j wkiad pracy polegat na rekrutacji pacjentéw do badania, zarzadzaniu danymi i wyniost 2%.

Glinska, M.; Walczak, M.; Wikiera, B.; Pyrzak, B.; Majcher, A.; Paluchowska, M.; Gawlik, A.; Antosz,
A.; Kusz, M.; Bossowski, A.; et al. Difficulties in Interpreting IGF-1 Levels in Short Stature Children
Born Small for Gestational Age (SGA) Treated with Recombinant Human Growth Hormone (rhGH)
Based on Data from Six Clinical Centers in Poland. J. Clin. Med. 2023, 12, 4392.
https://doi.org/10.3390/jcm12134392; (IF 3,9, punkty MNiSW 140)

M6j wkiad pracy polegat na rekrutacji pacjentéw do badania, zarzadzaniu danymi i wyniost 2%.

Jednoczeénie wyrazam zgode na przediozenie w/w prac przez lek. Martg Glinska jako rozprawy
doktorskiej w formie spéjnego tematycznie zbioru artykutéw naukowych opublikowanych w
czasopismach naukowych.

Oéwiadczam, iz samodzielna i mozliwa do wyodrebnienia czg$¢ w/w prac wskazuje na indywidualny
wkiad lek. Marty Gliriskiej przy opracowywaniu koncepcji, opracowywaniu i interpretacji wynikow.

~7
//
// /7
Jerzy P/Starzyk
(Kliknij tutaj, aby wprowadzi€ tekst.)
(imie i nazwisko, podpis)’

//
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12. Spis tabel

Tabela 1.
Tabela 2.
Tabela 3.
Tabela 4.

Czynniki wptywajgce na odpowiedz na leczenie rhGH...............ccoovveeeen. 15
Czynniki wptywajgce na stezenie IGF-1 w modyfikacji wtasnej................ 18
Wybrane parametry oceniane w trakcie badania...............cccccevvvviinnnnnnnn. 21
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