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Wykaz skréotéow

ALCL - anaplastic large cell ymphoma (wielkokomdrkowy chtoniak

anaplastyczny)
ALL - acute lymphoblastic leukemia (ostra biataczka limfoblastyczna)
AML - acute myeloid leukemia (ostra biataczka szpikowa)

ANLL - acute nonlymphoblastic leukemia (ostra biataczka nie-

limfoblastyczna)

BFM - Berlin-Frankfurt-Munster

CAR-T - chimeric antigen receptor T-cell

CRS - cytokine release syndrome (zespdt uwalniania cytokin)
EBV - Epstein-Barr virus (wirus Epstein-Barr)

EFS - event-free survival (przezycie wolne od zdarzen)

EuroNet-PHL - European Network-Paediatric Hodgkin Lymphoma Study
Group

GUS - Gtéwny Urzad Statystyczny

HSCT - hematopoietic stem cell transplantation (przeszczepienie komorek

macierzystych krwi)

ICANS - immune effector cell-associated neurotoxicity syndrome (zespoét
neurotoksycznosci zwigzany z komadrkami efektorowymi uktadu

odpornosciowego)
IL - interleukina
NOPHO - the Nordic Society of Pediatric Hematology and Oncology

OS - overall survival (przezycie catkowite)



PD-1 - programmed cell death protein 1

PEFS - probability of event-free survival (prawdopodobieristwo przezycia

wolnego od zdarzen)

pOS - probability of overall survival (prawdopodobienstwo przezycia

catkowitego)

PRFS - probability of relapse-free survival (prawdopodobieristwo

przezycia wolnego od wznowy)
RFS - relapse-free survival (przezycie wolne od wznowy)

T-LL - T-lymphoblastic lymphoma (chtoniak limfoblastyczny T-komdrkowy)



Rozdziat 1.  Wstep

Pomimo dynamicznego rozwoju medycyny oraz powszechnej dostepnosci
do opieki zdrowotnej w Polsce, nowotwory pozostajg jedng z
najczestszych przyczyn zgondw u dzieci, stanowigc czwartg co do czestosci
przyczyne zgonu w grupie wiekowej 0-19 lat oraz drugg, po przyczynach
zewnetrznych (wypadki komunikacyjne, urazy, utoniecia czy zatrucia) w
grupie wiekowej 1-19 lat (raport GUS 2021). Rocznie w Polsce rozpoznaje
sie okoto 1100-1200 nowych przypadkéw nowotworédw w populacji
pediatrycznej. Z tgczng zapadalnoscig wynoszacg 15 nowych przypadkdow
na 100 000 dzieci, nowotwory wieku dzieciecego stanowig grupe choréb

rzadkich [1].

Sposréd wszystkich rodzajéw nowotwordw rozpoznawanych i leczonych u
dzieci, najczesciej diagnozowane sg biataczki (27%), nowotwory
osrodkowego uktadu nerwowego (20%) oraz chtoniaki (15%). Sposréd
guzéow litych zlokalizowanych poza centralnym uktadem nerwowym
najczestszy jest nerwiak zarodkowy (neuroblastoma), stanowigcy 8%
wszystkich rozpoznan onkologicznych [2,3]. Podstawg leczenia
nowotwordw ztosliwych u dzieci pozostaje wielolekowa chemioterapia, w
poszczegblnych przypadkach uzupetniona leczeniem operacyjnym,
radioterapig oraz przeszczepieniem komodrek macierzystych krwi, a w
ostatnich latach réwniez immunoterapig. Wprowadzenie multimodalnej
terapii jako standardu leczenia doprowadzito do znaczacej poprawy
wynikéw leczenia. Na przestrzeni ostatnich 30 lat smiertelno$é z powodu
nowotwordw w Polsce zmniejszyta sie z 5,56 zgondw na 100 000 dzieci do
2,61 na 100 000, co stanowi jeden z najlepszych wynikdw w zakresie

poprawy przezywalnosci wérdd wszystkich krajow europejskich [4].



Znaczaca poprawa wynikdéw leczenia jest rezultatem rozwoju schematow
terapeutycznych, jak rowniez doskonalenia leczenia wspierajgcego, m.in.
skuteczniejszego leczenia powiktan infekcyjnych oraz stosowania lekéw
ograniczajacych toksycznos$é chemioterapii. Wprowadzenie
wysokospecjalistycznych metod diagnostycznych, takich jak cytometria
przeptywowa, a w pdzniejszym okresie rowniez diagnostyka molekularna,
umozliwito identyfikacje markeréw biologicznych, bedacych czynnikami
prognostycznymi odpowiedzi na leczenie. Ponadto ocena jakosciowa i
iloSciowa poszczegdlnych markeréw data mozliwo$s¢ monitorowania
odpowiedzi na leczenie na poziomie molekularnym. Umozliwito to
personalizacje Sciezki terapeutycznej pacjenta w zaleznosci wystepowania
typowego dla danego nowotworu profilu czynnikéw prognostycznych

oraz oceny odpowiedzi na leczenie.

W przypadku pacjentdw z grup wysokiego ryzyka, w tym dzieci z
nowotworami pierwotnie opornymi oraz wznowga, przez wiele lat
standardem leczenia byta intensywna, multimodalna terapia, ktérej
podstawe stanowita wysokodawkowa chemioterapia. Ze wzgledu na
wysokg toksycznos¢, a takie obserwowang w niektérych typach
nowotworéw niepetng skutecznos$é klasycznej chemioterapii, juz w latach
60-ych XX wieku rozpoczeto badania nad alternatywnymi metodami
leczenia, w tym nad zastosowaniem terapii opartych na odpowiedzi
immunologicznej pacjenta [5]. Rozwdj wiedzy o funkcjonowaniu uktadu
odpornosciowego umozliwit identyfikacje mechanizméw ucieczki
immunologicznej, prowadzacych do transformacji nowotworowej, a
nastepnie wzrostu i rozprzestrzeniania sie komdrek nowotworowych w

organizmie. Réwnoleglty rozwdj metod inzynierii biomedycznej, w tym



edycji genow oraz produkcji przeciwciat monoklonalnych, umozliwit

celowang immunoterapie w poszczegdlnych typach nowotwordw.

Jednym z pierwszych przyktadéw leczenia opartego na modulacji
odpowiedzi immunologicznej byto zastosowanie allogenicznego
przeszczepienia komdrek macierzystych krwi w leczeniu wybranych grup
pacjentéw z biataczkg [6]. Metoda ta zapoczatkowata nowa ere w
leczeniu, torujac trzy nowe sciezki w terapii nowotwordéw: wykorzystanie
komédrek macierzystych, immunomodulacje i immunoterapie, oraz
zastosowania terapii celowanych [6]. Wszystkie trzy wspomniane
strategie terapeutyczne zostaty w petni zaadaptowane w leczeniu ostrej
biataczki limfoblastycznej, stajagc sie integralnymi elementami
wspotczesnych schematéw terapeutycznych. Pomimo imponujgcej
poprawy wynikéw leczenia w ALL na przestrzeni ostatnich 50 lat, az 15-
20% pacjentéw leczonych wg wspédtczesnych protokotéw doswiadcza
wznowy choroby. Co wiecej, rokowanie u dzieci ze wznowg jest
niekorzystne, a piecioletnie przezycie catkowite wynosi 30-50% po
pierwszej wznowie, i jedynie < 20% po kolejnych [7]. Niezadawalajace
wyniki  leczenia  doprowadzity do wprowadzenia przeciwciat
bispecyficznych (blinatomumab) oraz koniugatéw przeciwciato-lek
(inotuzumab ozogamycyny) do terapii wznowy ALL lub choroby
pierwotnie opornej. Wstepne wyniki badan klinicznych z zastosowaniem
obu czgsteczek wykazaty wysokie odsetki remisji catkowitej oraz poprawe
krétkoterminowych wynikédw leczenia [8-10]. Niemniej jednak, dane
dtugoterminowe wskazywaty na ograniczenia w zakresie trwatosci
odpowiedzi [11-13]. Przetomem w leczeniu ALL byt rok 2017, kiedy
amerykaniska Agencja Zywnosci i Lekdw zatwierdzita pierwszg terapie

CAR-T do leczenia pierwotnie opornej ostrej biataczki limfoblastycznej



oraz wznowy ALL [7]. Terapia CAR-T wykorzystuje genetycznie
zmodyfikowane autologiczne limfocyty T, wykazujgce ekspresje
chimerycznego receptora przeciwko antygenom obecnym na komérkach
nowotworowych. Badania kliniczne wykazaty, ze jednokrotna infuzja CAR-
T indukuje remisje catkowita u 70-90% pacjentdw w grupie dzieci, u
ktorych  kolejne linie leczenia okazywaty sie nieskuteczne.
Dtugoterminowe obserwacje wykazaty, ze CAR-T moze indukowaé trwatg
remisje w ALL opornej na leczenie lub wznowie choroby [7,14].
Wyzwaniem pozostaje zapobieganie i leczenie powiktan zwigzanych z
terapig CAR-T, takich jak zespot uwalniania cytokin oraz neurotoksycznos¢
leczenia, w tym zespdt neurotoksycznosci zwigzany z komdrkami

efektorowymi uktadu odpornosciowego.

Wprowadzenie nowoczesnych metod leczenia, w tym immunoterapii oraz
terapii CAR-T, a takze szczegdtowa stratyfikacja do grup ryzyka istotnie
poprawity wyniki leczenia, zwtaszcza u pacjentéw z grup wysokiego
ryzyka. Pomimo obiecujgcych wynikéw leczenia z zastosowaniem
immunoterapii, metoda ta wigze sie ze zmienng trwatoscig odpowiedzi
oraz specyficznym profilem dziatan niepozadanych. Zapobieganie i
leczenie toksycznosci zwigzanych z immunoterapia, a takze poprawa w
zakresie trwatosci odpowiedzi, wymagajg szczegdtowej wiedzy na temat
mechanizmoéw dziatania uktadu odpornosciowego, modyfikowanych
Sciezek  odpowiedzi immunologicznej oraz  dtugoterminowych
konsekwencji tej metody leczenia. Uwzgledniajgc ograniczenia
immunoterapii, nadchodzgca era leczenia ma za zadanie ustali¢
optymalne potgczenie klasycznej chemio- i radioterapii z terapiami

komodrkowymi, immunoterapig oraz metodami inzynierii genetycznej, w
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celu ustalenia schematow leczenia charakteryzujgcych sie optymalng

odpowiedzig kliniczng oraz immunologiczng [15].
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Rozdziat2.  Cele pracy

Celem ogdélnym projektu jest ocena skutecznosci terapii innowacyjnych w
onkologii dzieciecej w Swietle wynikéw postepowania

przeciwnowotworowego w najczestszych nowotworach wieku dzieciecego.

Celami szczegdtowymi sa:

1. Ocena skutecznosci terapii ostrej biataczki limfoblastycznej
metodami CAR-T oraz odpowiedzi immunologicznej w leczeniu
CAR-T w stosunku do wynikdw terapii w okresie
wczesniejszym, analizowanych metodg retrospektywna.

2. Ocena skutecznosci terapii ostrej biataczki szpikowe] z
wykorzystaniem przeszczepienia komorek macierzystych krwi.

3. Ocena skutecznosci leczenia chtoniaka Hodgkina z
ograniczeniem radioterapii w wybranych grupach pacjentéw z
dobrg odpowiedzig na leczenie oraz zastosowania przeciwciat
monoklonalnych anty-CD30 w potgczeniu z inhibitorami
punktéw kontrolnych PD-1 w leczeniu wznowy choroby.

4. Analiza wynikéw leczenia chtoniakéw nieziarniczych T/NK-
komdrkowych z zastosowaniem indywidualizacji Sciezki terapii u
pacjentéw z rzadkimi typami chtoniakdw.

5. Ocena skutecznosci terapii neuroblastoma, z wykorzystaniem
przeciwciat monoklonalnych dinutuximab-beta, poprzedzonych

przeszczepieniem komadrek krwiotwérczych.
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Rozdziat3. Metodyka

Projekt zrealizowany zostat na podstawie analizy statystycznej wynikéw
terapii w najczestszych nowotworach wieku dzieciecego u pacjentéw w
wieku 0-19 lat, leczonych w Klinice Pediatrii, Hematologii i Onkologii
Szpitala Uniwersyteckiego nr 1 im dr. A. Jurasza w Bydgoszczy w okresie
od stycznia 1990 do grudnia 2024. Szczeg6towej analizie zostaty poddane
wyniki leczenia z zastosowaniem terapii innowacyjnych, takich jak
przeciwciata monoklonalne, w tym koniugaty przeciwciato-lek oraz
przeciwciata bispecyficzne, inhibitory punktéw kontrolnych, terapie
komérkowe oraz CAR-T. Analiza zostata przeprowadzona na podstawie
retrospektywnych danych pacjentéw leczonych w latach 1990-2021, a
takze prospektywnych danych pacjentéw leczonych w latach 2022-2024.
Projekt zostat zatwierdzony przez Komisje Bioetyczng Collegium Medicum

Uniwersytetu Mikotaja Kopernika w Bydgoszczy (KB 577/2021).

Do analizy wtaczeni zostali pacjenci leczeni z powodu najczestszych
nowotwordéw wieku dzieciecego: ostrej biataczki limfoblastycznej, ostrej
biataczki szpikowej, chtoniaka Hodgkina, chtoniakéw nieziarniczych oraz
neuroblastoma. Z powyzszych grup chorych wytgczeni zostali pacjenci z
niekompletnymi danymi medycznymi oraz utraceni w okresie
obserwacyjnym po zakonczeniu leczenia. Rozpoznanie nowotworu
opierato sie na wynikach badan histopatologicznych oraz mielogramach
wykonanych w Szpitalu Uniwersyteckim nr 1 w Bydgoszczy. W okresie od
roku 2004 dla biataczek i chtoniakdéw, a od roku 1996 dla neuroblastoma,
rozpoznanie byto w kazdym przypadku weryfikowane w krajowym

osrodku referencyjnym.

Analizie poddano dane dotyczace bezposrednio pacjentéw, takie jak ptec

i wiek w momencie rozpoznania, jak rdéwniez wyniki badan
13



laboratoryjnych z uwzglednieniem kluczowych markeréw biochemicznych
dla danych typéw nowotworéw, badan obrazowych, stopien
zaawansowania nowotworu, grupa ryzyka, zastosowane leczenie z
podziatem na poszczegdlne protokoty terapeutyczne oraz zastosowane w
leczeniu modalnosci, takie jak leczenie operacyjne, chemioterapia,
radioterapia, immunoterapia, przeszczepienie komdrek macierzystych

krwi.

Parametrami okreslajgcymi odpowiedZ na leczenie i ocenianymi w
analizowanych nowotworach byly odsetek pacjentéw osiggajgcych
remisje catkowitg, odsetek chorych z progresjg w toku leczenia oraz z
wystgpieniem wznowy. Remisja catkowita i progresja byfa okreslana
wedtug definicji specyficznych dla kazdego typu nowotworu zawartych w
poszczegblnych protokofach terapeutycznych. Wznowa byta okreslana
jako ponowne wykrycie utkania nowotworowego po osiggnieciu remisji
catkowitej. Zdarzenie definiowane byto jako brak osiggniecia remisji w
czasie okreslonym w poszczegdlnych protokotach terapeutycznych,
progresja choroby, wznowa lub $mieré z jakiejkolwiek przyczyny. Przezycie
catkowite okreslane byto jako czas od rozpoznania do $mierci z
jakiejkolwiek przyczyny. Przezycie wolne od zdarzen okreslane byto jako
czas od rozpoznania do wystgpienia zdarzenia, a przezycie wolne od

wznowy jako czas od rozpoznania do wystgpienia wznowy.

Punktami koricowymi dla poszczegdlnych typow nowotworéw byto 5-
letnie prawdopodobienstwo przezycia catkowitego, przezycia wolnego od
zdarzen oraz przezycia wolnego od wznowy. Krzywe przezycia oraz
prawdopodobienstwo przezycia catkowitego, przezycia wolnego od
zdarzen i przezycia wolnego od wznowy obliczane byty za pomocg metody

Kaplan-Meiera i pordwnywane za pomocg testu log-rank. Wszystkie
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uzyskane dane byly objete analizg statystyczng pod katem ich wptywu na
punkty koncowe. Zastosowano analize jednoczynnikowg w celu oceny
istotnosci statystycznej poszczegdlnych czynnikdw prognostycznych.
Zmienna byta uznana za istotng statystycznie jesli p<0,05. Zmienne istotne
statystycznie w analizie jednoczynnikowej zostaty wigczone do analizy
wieloczynnikowej. Obliczenia statystyczne zostaty przeprowadzone za
pomocg programu MedCalc 20.100 (MedCalc Software, Mariakerke,
Belgium).

Projekt zostat zrealizowany w systemie kolejnych opracowan tematéw, a
wyniki analiz dla poszczegdélnych typow nowotworéw zostaty

przedstawione w cyklu publikacji.
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Rozdziat 4. Whioski

1. Na podstawie przeprowadzonych w ramach projektu analiz
wykazano, ze w latach 1976-2018 wyniki leczenia w ALL ulegty
istotnej poprawie. Zastosowanie terapii CAR-T u pacjentéw z
pierwotnie oporng ALL lub wznowg choroby umozliwito uzyskanie
remisji catkowitej u pacjentéw z niepowodzeniem standardowego
leczenia drugiej linii. Monitorowanie odpowiedzi immunologiczne;j
oraz liczby komérek CAR-T umozliwia identyfikacje pacjentéw z
grupy ryzyka wystgpienia powikfan leczenia, w tym CRS i ICANS.
Infuzja oraz ekspansja komoérek CAR-T powoduje réwniez
odpowiedZz immunologiczng niezaleznie od wystgpienia reakcji
niepozadanych.

2. Wyniki leczenia w AML ulegly znaczgcej poprawie w ciggu
ostatnich 30 lat. Wprowadzenie przeszczepienia allogenicznych
komodrek krwi w grupie wysokiego ryzyka poprawito 5-letnie
prawdopodobienstwo przezycia catkowitego oraz przezycia
wolnego od zdarzen. W dalszych badaniach konieczna jest
wspotpraca miedzynarodowa ze wzgledu na niewielkg liczbe
pacjentéw pediatrycznych z AML.

3. Wprowadzenie oceny odpowiedzi na leczenie w toku terapii
chtoniaka Hodgkina umozliwito zmniejszenie liczby pacjentéw
leczonych z zastosowaniem radioterapii. Ograniczenie radioterapii
do wybranych grup pacjentéw daje mozliwos¢ redukcji
dtugoterminowych powiktan bez wptywu na wyniki leczenia.
Leczenie wznowy z zastosowaniem przeciwciat monoklonalnych
anty-CD30 w potaczeniu z inhibitorami punktéw kontrolnych PD-1

moze stanowic alternatywe dla standardowego leczenia drugiej linii.
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4. Piecioletnie prawdopodobienstwo przezycia catkowitego w
anaplastycznym chtoniaku wielkokomérkowym jest wyzsze niz w
T-komdrkowym chtoniaku limfoblastycznym. W terapii chtoniakéw
nieziarniczych zwigzanych z infekcjg wirusem Epstein-Barr pacjenci
moga donies¢ korzys¢ z zastosowania cytotoksycznych limfocytow
T specyficznych dla EBV.

5. W terapii neuroblastoma leczenie pacjentéw z grupy wysokiego
ryzyka z wykorzystaniem przeciwciat monoklonalnych dinutuximab-
beta, poprzedzonych przeszczepieniem komodrek krwiotwdrczych
poprawito z 5-letnie pOS z 0,0% do 41,1%. W grupie pacjentéw ze
wznowg choroby przeszczepienie komdrek macierzystych krwi
wigzato sie z istotng statystycznie poprawag przezycia catkowitego.

6. Stwierdzono, ze w badanym okresie wyniki leczenia nowotworéw
u dzieci ulegty istotnej poprawie, co wynikato z wprowadzania
unowoczesnianych miedzynarodowych programow
terapeutycznych oraz terapii innowacyjnych, w tym terapii

komodrkowych i immunoterapii.
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Rozdziat 5. Streszczenie

Pomimo dynamicznego rozwoju medycyny oraz powszechnej dostepnosci
do opieki zdrowotnej w Polsce, nowotwory pozostajg jedng z
najczestszych przyczyn zgondéw u dzieci, stanowigc drugy przyczyne
zgondw w grupie wiekowej 1-19 lat. Ze wzgledu na wysoka toksycznos¢, a
takze obserwowang w niektéorych typach nowotwordw niepetna
skutecznos¢ klasycznej chemioterapii i radioterapii, juz w latach 60-ych XX
wieku rozpoczeto badania nad alternatywnymi metodami leczenia, w tym
nad zastosowaniem terapii opartych na odpowiedzi immunologicznej
pacjenta. Aktualnie terapie innowacyjne, w tym immunoterapia coraz

czesciej stanowig integralny element leczenia w onkologii dzieciece;.

Powyzszy projekt badawczy ma na celu ocene skutecznosci terapii
innowacyjnych w onkologii dzieciecej w najczestszych nowotworach wieku
dzieciecego. Projekt zrealizowany zostat na podstawie analizy statystycznej
wynikéw terapii u pacjentéw w wieku 0-19 lat, leczonych w Klinice
Pediatrii, Hematologii i Onkologii Szpitala Uniwersyteckiego nr 1 im dr. A.
Jurasza w Bydgoszczy w okresie od stycznia 1990 do grudnia 2024.
Szczegbdtowej analizie zostaty poddane wyniki leczenia z zastosowaniem
terapii innowacyjnych, takich jak przeciwciata monoklonalne, w tym
koniugaty przeciwciato-lek oraz przeciwciata bispecyficzne, inhibitory
punktéw kontrolnych, terapie komérkowe oraz terapia CAR-T. Wyniki
poszczegblnych analiz przedstawione zostaty w formie 7 publikacji

dotaczonych do rozprawy doktorskiej.

Immunoterapia znaczgco poprawita wyniki u pacjentéw z ostrg biataczka
limfoblastyczng z grupy wysokiego ryzyka. Zastosowanie terapii CAR-T u

pacjentéw z pierwotnie oporng ALL lub wznowg choroby umozliwito
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uzyskanie remisji catkowitej u pacjentow z niepowodzenia standardowego
leczenia drugiej i nastepnych linii. Monitorowanie odpowiedzi
immunologicznej oraz liczby komérek CAR-T umozliwia identyfikacje

pacjentéw z grupy ryzyka powiktan leczenia.

Wyniki leczenia w AML ulegty znaczgcej poprawie w ciggu ostatnich 30 lat.
Wprowadzenie allogenicznego przeszczepienia komorek krwi w grupie
pacjentow z AML  wysokiego ryzyka  poprawito  5-letnie
prawdopodobienstwo przezycia catkowitego oraz przezycia wolnego od
zdarzen. W dalszych badaniach konieczna jest wspodfpraca
miedzynarodowa ze wzgledu na niewielkg liczbe pacjentéow

pediatrycznych z AML.

Wprowadzenie oceny odpowiedzi na leczenie w toku terapii chfoniaka
Hodgkina umozliwito zmniejszenie liczby pacjentéw leczonych z
zastosowaniem radioterapii. Ograniczenie radioterapii do wybranych grup
pacjentéw daje mozliwos¢ redukcji diugoterminowych powiktan bez
wptywu na wyniki leczenia. Leczenie wznowy z zastosowaniem przeciwciat
monoklonalnych anty-CD30 w potaczeniu z inhibitorami punktéw
kontrolnych PD-1 moze stanowic¢ alternatywe dla standardowego leczenia

drugiej linii.

Piecioletnie prawdopodobienstwo przezycia catkowitego w
anaplastycznym chtoniaku wielkokomdérkowym jest wyzisze niz w T-
komodrkowym chtoniaku limfoblastycznym. W terapii chtoniakéw
nieziarniczych zwigzanych z infekcjg wirusem Epstein-Barr pacjenci moga
donies¢ korzys¢ z zastosowania cytotoksycznych limfocytow T

specyficznych dla EBV.

W terapii neuroblastoma leczenie pacjentéw z grupy wysokiego ryzyka z

wykorzystaniem przeciwciat rnonoklonalnych dinutuximab-beta,
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poprzedzonych przeszczepieniem komodrek krwiotwdrczych poprawito z 5-
letnie pOS z 0,0% do 41,1%. W grupie pacjentdw ze wznowg choroby HSCT

wigzato sie z istotng statystycznie poprawag przezycia catkowitego.

Na podstawie przeprowadzonych w ramach projektu analiz wykazano, ze
w badanym okresie wyniki leczenia nowotwordw u dzieci ulegty istotnej
poprawie, co wynikato z wprowadzania unowoczesnianych
miedzynarodowych  programow  terapeutycznych oraz  terapii

innowacyjnych, w tym terapii komérkowych i immunoterapii.
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Summary

Despite the dynamic development and broad access to healthcare in
Poland, malignant diseases remains one of the leading causes of death
among children, ranking as the second most common in the 1-19 age
group. Due to the high toxicity and the incomplete efficacy of
conventional chemotherapy and radiotherapy observed in certain types
of cancer, research into alternative treatment modalities, including
approaches based on the patient’s immune response, was initiated as
early as in the 1960s. Currently, innovative therapies, including
immunotherapy, are increasingly becoming an integral part of treatment

in pediatric oncology.

This project aimed to evaluate the effectiveness of innovative therapies
for selected childhood cancers in pediatric oncology. The project was
conducted through statistical analysis of treatment outcomes in children
aged 0-19 years treated at the Department of Pediatrics, Hematology and
Oncology, University Hospital No. 1 in Bydgoszcz between January 1990
and December 2024. The analysis focused on the outcomes of innovative
therapies, such as monoclonal antibodies, including antibody-drug
conjugates and bispecific antibodies, immune checkpoint inhibitors,
cellular therapies, and CAR-T cells. The results of individual analyses are

presented in seven publications attached to the doctoral dissertation.

Immunotherapy has significantly improved outcomes in high-risk ALL
patients. The use of CAR-T therapy in patients with primary refractory ALL
or relapsed disease enabled complete remission in cases where standard
second-line and subsequent treatments had failed. Monitoring immune
response and CAR-T cell number allows for the identification of patients

at risk of treatment-related complications. In the analyzed group, the
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fourth day after CAR-T cell infusion was associated with elevated plasma
levels of most analyzed cytokines, which temporally correlated with the

onset of CRS and ICANS.

Treatment outcomes in AML have significantly improved over the past 30
years. The introduction of allogeneic hematopoietic stem cell
transplantation in high-risk patients improved both 5-year overall survival
and event-free survival. Further research should require international

collaboration due to the small number of pediatric AML patients.

The introduction of response-adapted treatment evaluation in Hodgkin
lymphoma therapy has enabled a reduction in the number of patients
receiving radiotherapy. Limiting radiotherapy to selected patient groups
allows for a reduction in long-term complications without compromising
treatment outcomes. Treatment of relapsed disease with anti-CD30
monoclonal antibodies in combination with PD-1 checkpoint inhibitors

may serve as an alternative to standard second-line therapy.

The five-year overall survival probability in anaplastic large cell ymphoma
is higher than in T-cell lymphoblastic lymphoma. For rare lymphoma types,
there are no established treatment guidelines. In EBV-associated non-
Hodgkin lymphomas, patients may benefit from treatment with EBV-

specific cytotoxic T lymphocytes.

In neuroblastoma therapy, high-risk patients treated with dinutuximab-
beta following hematopoietic stem cell transplantation showed an
improvement in 5-year overall survival from 0.0% to 41.1%. Among
patients with relapsed disease, stem cell transplantation was statistically

associated with improved overall survival.
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Treatment outcomes for pediatric malignancies have significantly
improved over the study period, mainly due to the introduction of new
international treatment protocols, and innovative therapies, including

cellular therapies and immunotherapy.
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Abstract

Introduction: Acute lymphoblastic leukemia (ALL) is the most common malignancy in children. Risk factors in child-
hood ALL have changed during recent decades, mostly due to treatment personalization.

The aim of this study was to analyze therapy results and prognostic factors in childhood ALL in the Kujawsko-Pomorski
region of Poland between 1976 and 2018.

Material and methods: Data from 495 patients (0-18 years old) diagnosed with ALL from the Kujawsko-Pomorski
region between 1976 and 2018 was analyzed. Prognostic factors were analyzed separately in specific therapeutic
groups, which were defined by several therapy protocols.

Results: Prognostic factors have changed over the course of consecutive therapeutic periods. Between 1976 and
1988 (the first and second therapeutic protocols), central nervous system involvement was the most important risk
factor. During the third therapeutic period, an unsatisfactory treatment response on days 8 and 14 was related to
a poor outcome. In 1995-2002, the risk factors were hepatomegaly, splenomegaly, lymph nodes involvement, and
unsatisfactory therapy response on days 15 and 33. Between 2002 and 2011, immunophenotype other than ‘com-
mon' and hemoglobin level at diagnosis were the risk factors, and a lack of BCR-ABL aberration was related to better
therapy results. During the final analyzed period (2011-2018), failure to achieve remission on day 33 was a risk fac-
tor, and patients classified as non-high risk group and those aged <6 years had better outcomes.

Conclusions: The changing profile of risk factors in ALL has reflected progress in ALL therapy, with the gradual elimina-
tion of factors related to poor outcomes, mostly due to modifications in treatment and the development of diagnostic
methods as well as therapy monitoring.
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Introduction

Acute lymphoblastic leukemia (ALL) is the most common
childhood malignancy and represents more than 20% of
all malignancies in patients aged 0-18 years. Each year,
¢.200-220 children are diagnosed with ALL in Poland [1].
Therapy outcomes have improved significantly over recent
decades — the probability of five-year overall survival has
increased from 31% in 1975 to ¢.85% with current therapy
protocols [2, 3]. The identification of prognostic factors was
undoubtedly one of the milestones in ALL therapy: the pres-
ence of risk factors enabled risk group stratification and
therapy adjustment. Patients with factors related to a poor
outcome have received more intensive treatment, whereas
in children with more favorable features, treatment has
been modified to avoid severe toxicity and short-term as
well as long-term side effects [4].

Prognostic factors in ALL can be divided into three
groups: factors related to patient characteristics, factors
related to disease features, and factors related to treatment
response. Age at diagnosis, race and sex are prognostic
factors related to patient characteristics. Factors related to
disease include leukocytes count at diagnosis, blasts im-
munophenotyping, chromosomal aberrations in blast cells,
and the presence of extramedullary infiltrations. Prognostic
factors related to therapy include response to treatment
on days 8, 15 and 33 and the presence of minimal resid-
ual disease (MRD) at later timepoints [5].

The aim of this study was to analyze therapy results and
the significance of prognostic factors in childhood ALL in
the Kujawsko-Pomorski region between 1976 and 2018.

Material and methods

Design of study

In this study, data from 495 patients (0-18 years old)
diagnosed with ALL from the Kujawsko-Pomorski region of
Poland between 1976 and 2018 was analyzed. Children
were treated in the Department of Children’s Hematology
and Oncology of Antoni Jurasz University Hospital in Byd-
goszcz. Prognostic factors were analyzed separately in
specific therapeutic groups, which were defined by several
therapy protocols.

Definitions

Treatment response was assessed on days 8, 14/15 and
28/33. Prednisone good response (PGR) was defined as
absolute blast count in peripheral blood <1,000/uL on day 8
of therapy. Prednisone poor response (PPR) was defined as
absolute blast count in peripheral blood 21,000/uL on day
8. MRD was calculated as blast cells count according to cells
immunophenotyping. Patients stratified to the standard risk
(SR) group should have MRD <0.1% on day 14/15 to remain
in the SR group. In a case of MRD between 0.1% and 10%,

they were stratified to the intermediate risk group, and in

a case of MRD above 10% they were stratified to the high

risk group. Response definition on day 28/33 was divided

into three groups, based on blast count in the bone marrow:

m M1 <5% of blasts in representative bone marrow with
sufficient cellularity and signs of regeneration of nor-
mal myelopoiesis;

m M2 5 <25% of blasts in representative bone marrow
with sufficient cellularity and signs of regeneration of
normal myelopoiesis;

m M3 225% of blasts in representative bone marrow with
sufficient cellularity and signs of regeneration of nor-
mal myelopoiesis.

Hepatomegaly and splenomegaly was defined as en-
largement of liver and spleen above the value normal for
the patient’s age. Central nervous system (CNS) involve-
ment was defined as clinical or imaging findings of CNS
disease and the presence of blasts on cytospin prepara-
tion in cerebrospinal fluid. Complete remission (CR) was
achieved when the following criteria were fulfilled on day
33 of therapy: <5% blast cells (M1) in representative bone
marrow with sufficient cellularity and signs of regeneration
of normal myelopoiesis; <5 nucleated cells/uL and no ev-
idence of blasts in cytospin and no evidence of leukemic
infiltrates as evaluated clinically and by imaging; and a pre-
existing mediastinal mass must have decreased to at least
one third of the initial tumor volume.

Treatment protocols

According to therapy protocols, patients were divided into

six groups:

1. 1976-1983 — MEMPHIS V-VII (56 patients) [6];

2. 1983-1988 — BFM-83 (33 patients) [7];

3. 1988-1995 — NOPHO-86 (81 patients) [8];

4. 1995-2002 — BFM-90 (96 patients) [7] and New
York I-1l (19 patients) [9];

5. 2002-2011 — ALL-IC-2002 (115 patients) [10];

6. 2011-2018 — ALL-IC-2009 (95 patients) [11].

Risk factors

Prognostic factors analyzed in the entire group included
age at diagnosis, sex, CNS involvement, lymph nodes
involvement, mediastinal mass, splenomegaly >4 cm,
hepatomegaly >4 cm, risk group according to the Berlin-
-Frankfurt-Munster (BFM) protocol, leukocyte count at
diagnosis, hemoglobin (Hgb) level at diagnosis, and treat-
ment response (GPR vs. PPR) on day 8 of therapy.

From 1990 onwards, additional prognostic factors were
analyzed: blasts morphology according to the French-Amer-
ican-British (FAB) classification; blasts immunophenotyp-
ing; and treatment response on days 14/15 and 28/33.
From 1996 onwards, chromosomal aberrations BCR-ABL,
TEL-AML1, MLL-AF4, and the presence of hypodiploidy or
hyperdiploidy were evaluated.
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Table |. Prognostic factors analyzed in respective therapeutic groups

Group Years Prognostic factors
1 1976-

-1983  CNS, lymph nodes, mediastinal mass)
2 1983-

Age at diagnosis, sex, leukocyte count and hemoglobin level at diagnosis, extramedullary involvement (liver, spleen,

Age at diagnosis, sex, leukocyte count, hemoglobin level at diagnosis, extramedullary involvement (liver, spleen,

-1988 CNS, lymph nodes, mediastinal mass), treatment response on day 8

Age at diagnosis, sex, leukocyte count and hemoglobin level at diagnosis, extramedullary involvement (liver, spleen,
CNS, lymph nodes, mediastinal mass), treatment response on day 8, count of blast cells in bone marrow on days

Age at diagnosis, sex, leukocyte count and hemoglobin level at diagnosis, extramedullary involvement (liver, spleen,
CNS, lymph nodes, mediastinal mass), treatment response on day 8, count of blast cells in bone marrow on days

15 and 33, blast immunophenotyping, FAB classification, hypodiploidy, BCR-ABL rearrangement

3 1988-
-1995

14 and 28
4a/4b  1995-
-2002
5 2002-

Age at diagnosis, sex, leukocyte count, platelets number and hemoglobin level at diagnosis, extramedullary

-2011 involvement (liver, spleen, CNS, lymph nodes, mediastinal mass), treatment response on day 8, count of blast
cells in bone marrow on days 15 and 33, MRD on day 15, blast immunophenotyping, FAB classification,
hypodiploidy, hyperdiploidy, BCR-ABL, TEL-AML1 and MLL-AF4 rearrangement, risk group

6 2011-
-2018

Age at diagnosis, sex, leukocyte count, platelets number and hemoglobin level at diagnosis, extramedullary in-
volvement (liver, spleen, CNS, lymph nodes, mediastinal mass), treatment response on day 8, count of blast cells

in bone marrow on days 15 and 33, MRD on day 15, blast immunophenotyping, FAB classification, hypodiploidy,
hyperdiploidy, BCR-ABL, TEL-AML1 and MLL-AF4 rearrangement, risk group

CNS — central nervous system: FAB — French-American-British; MRD — minimal residual disease

Risk factors analyzed in the respective therapeutic
groups are set out in Table I.

Statistical methods

The probability of overall survival (pOS), probability of event-
-free survival (pEFS), and probability of relapse-free survival
(pRFS) were calculated with the Kaplan-Meier method,
and compared by log-rank test. An ‘event’ was defined as
relapse, death or secondary malignancy. Cox regression
model was used to calculate univariate and multivariate
analysis of prognostic factors. Factors with p-value <0.1
in univariate analysis were included into the multivariate
model. Odds ratio (OR) was calculated with 95% confidence
interval.

Results

For each therapeutic group, pOS, pEFS and pRFS were
calculated. Risk factors of death, event and relapse were
analyzed separately in each group. Results of multivariate
analysis are shown in Tables I, lll and IV.

Group 1

Group 1includes patients treated between 1976 and 1983
according to the St. Jude Memphis therapeutic protocol.
5-year pOS was 19.6% (+5.3%). None of the evaluated
factors achieved statistical significance in pOS analysis.
5-year pEFS was 7.4% (+3.4%). Event occurred in 92.9% of
patients. The only factor with a significant impact on pEFS
in univariate analysis was CNS involvement. Relapse oc-
curred in 80.4% of patients and the 5-year pRFS was 11.2%

(£4.9%). In both univariate and multivariate analysis, CNS
involvement had a significant impact on pRFS and was re-
lated to a more than 20-fold increased risk of relapse. Other
important adverse prognostic factors included mediastinal
mass and Hgb level <8 g/dL at diagnosis.

Group 2

The second group was treated between 1983 and 1988
according to the BFM-83 therapeutic protocol. 5-year pOS
was 54.5% (+8.7%) and pEFS was 53.2% (+8.8%). CNS in-
volvement was a risk factor of death and event in univariate
and multivariate analysis of both parameters. Additionally,
age <1 year and >6 years at diagnosis had a significant
impact on pOS; patients of this age had a 3-fold higher risk
of death during this therapeutic era. Relapse occurred in
12 patients (36.4%) and 5-year pRFS was 61.0% (+9.2%).
None of the analyzed factors achieved statistical signifi-
cance in either univariate or multivariate analysis of pRFS.

Group 3

Between 1988 and 1995, patients were treated according
to the NOPHO-86 protocol. In this group, 5-year pOS was
58.0% (+5.5%) and 37 children died during the observa-
tional period, which represented 45.7% of the entire group.
The most important prognostic factor on pOS was treatment
response on day 8. Patients with PPR at this timepoint had
a 3-fold higher risk of death. In univariate analysis also Hgb
level <8 g/dL had a significant impact on p0S, although
this effect was not shown in multivariate analysis. 5-year
pEFS was 51.9% (+5.6%). In univariate analysis, therapy
response on days 8 (PPR) and 14 (M3) as well as Hgb level
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Table Il. Multivariate analysis of prognostic factors for probability of overall survival

Group Years Prognostic factors OR* (95% CI) p

1 1976-1983 No parameter reached statistical significance -
1983-1988 CNS involvement 10 (1.7-64) p=0.010
Age at diagnosis <1 year or >6 years 3.8(11-13) p=0.033
1988-1995 Treatment response on day 8 (PPR) 3.1(1.6-6.2) p=0.001
1995-2002 Risk group — HR 5.6 (2.21-14) p <0.001
Hepatomegaly 46(1.7-12) p =0.002
Treatment response on day 33 10(1.03-96) p =0.047
(bone marrow morphology — M2)
4b 1995-2002 No parameter reached statistical significance - -
Immunophenotype other than ‘common ALL 3.1(1.2-8.2) p=0.019
5 2002-2011
Lack of BCR-ABL arrangement 0.1(0.02-0.3) p <0.001
6 2011-2018 Risk group — non-HR 0.2 (0.1-0.5) p <0.001

*0dds ratio (OR) >1 means an increased risk of failure; Cl — confidence interval; CNS — central nervous system; PPR — prednisone poor response; HR — high risk; ALL — acute lymphoblastic leukemia

Table lll. Multivariate analysis of prognostic factors for probability of event-free survival

www.journals.viamedica.pl/acta_haematologica_polonica

*0dds ratio (OR) >1 means an increased risk of failure; C! — confidence interval; CNS — central nervous system; Hgb — hemogiobin; PPR — prednisone poor response;

Group Years Prognostic factors OR* (95% CI) p
1976-1983 CNS involvement 8.3(1.6-43.7) p=0.012
1983-1988 CNS involvement 8.6 (1.5-49) p=0.015
1988-1995 Treatment response on day 14 (M3) 2.6(1,2-5.9) p=0.018
1995-2002 Risk group — HR 35(1.5-7.9) p=0.003
Splenomegaly 29(1.3-6.3) p=0.008
1995-2002 Lymph nodes involvement 4.2(1.3-13) p=0.011
Treatment response on day 15 (M2) 23 (1.6-100) p=0.022
2002-2011 Hgb <8 g/dL at diagnosis 23(1.1-4.8) p=0.028
2011-2018 Failure to achieve CR on day 33 10.7 (1.0-114) p=0.049
Age <6 at diagnosis 0.2(0.1-0.9) p=0.031
*0dds ratio (OR) >1 means an increased risk of failure; C1 — confidence interval; CNS — central nervous system; HR — high risk; Hgb — hemoglobin; CR — complete remission
Table IV. Multivariate analysis of prognostic factors for probability of relapse-free-survival
Group Years Prognostic factors OR* (95% ClI) P
1976-1983 CNS involvement 34 (4.2-270) p=0.001
Mediastinal mass 4.9(1.04-23) p=0.044
Hgb <8 g/dL at diagnosis 2.8(11-7) p=0.029
1983-1988 No parameter reached statistical significance - -
1988-1995 Treatment response on day 8 (PPR) 1.8(0.8-4.2) p=0.019
1995-2002 Splenomegaly 5.0 (1.7-14) p=0.002
T-cell immunophenotyping 43(14-13) p=0.009
1995-2002 Treatment response on day 15 (M2) 7.7 (1.04-56) p=0.042
2002-2011 Hgb >8 g/dL at diagnosis 3.9(1.5-10.4) p=0.007
2011-2018 Failure to achieve remission on day 33 24 (1.4-402) p=0.027
Age <6 at diagnosis 0.1(0.01-0.7) p=0.027
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lower than 8 g/dL had significant impacts on pEFS, but in
multivariate analysis only therapy response on day 14 was
related to a worse outcome and doubled the risk of event.
5-year pRFS was 66.2% (£6.9%). The only risk factor related
to pRFS was therapy response on day 8.

Group 4

Group 4 was divided into two subgroups due to different
therapeutic protocols: the BFM-90 protocol (group 4a) and
the NEW YORK I-II protocol (group 4b).

In group 4a, 5-year pOS was 77.9% (+4.3%) and 5-year
pEFS was 68.8% (+4.7%). The most important prognostic
factor in both pOS and pEFS was treatment response on
day 8, which was correlated with a 10-fold increased risk
of event and a more than 3-fold higher risk of death in pa-
tients with PPR. Other factors that achieved statistical sig-
nificance in univariate analysis in pOS and pEFS were risk
group, hepatomegaly or splenomegaly at diagnosis, leuko-
cyte count at diagnosis >20,000/pL, blasts phenotype, and
treatment response on days 15 and 33 (bone marrow clas-
sified as M2). Relapse occurred in 16 children (16.7%) and
mean time to relapse was 2.5 years. Among factors signifi-
cant in univariate analysis, only T-cell blasts phenotype and
splenomegaly proved significant in multivariate analysis.

In group 4b, 5-year pOS was 73.7% (+10.1%). None of
the analyzed factors had an impact on pOS. 5-year pEFS
was 68.4% (£10.7%). Involvement of lymph nodes and
treatment response on day 15 had significant impacts on
pEFS. Relapse was observed in five cases (26.3%) and four
patients in this group died. Treatment response on day
15 was the only prognostic factor related to pRFS.

Group 5

Group 5 included 115 patients treated between 2002 and
2009 according to the IC-BFM 2002 protocol. 5-year pOS
was 79.1% (+3.8%). Mean OS was 7.4 years [95% confi-
dence interval (Cl): 6.8-7.8 years). The most important
factor with a significant negative impact on patient pOS was
the presence of BCR-ABL fusion gene [as a result of trans-
location t(9;22)]; children with this mutation had a more
than 7-fold lower pOS. In univariate analysis, hepatomegaly
and splenomegaly at diagnosis had a significant impact on
pOS as well. 5-year pEFS was 71.1% (+4.2%). Relapses oc-
curred in 27 (23.5%) children and 5-year pRFS was 79.3%
(£3.9%). Only Hgb <8 g/dL at diagnosis had a significant
impact on both pEFS and pRFS, with a 2.3-fold higher risk
of event and an almost 4-fold higher risk of relapse in
patients with this feature.

Group 6

In group 6, data from children treated according to the ALL
IC-BFM2009 protocol was analyzed. 5-year pOS was 90.7%
(£3.4%). Mean OS was 4.1 years (95% Cl: 2.7-6.5 years).
In univariate analysis, only hypodiploidy had a significant

impact on p0S. 5-year pEFS was 86.6% (+4.1%). Among
prognostic factors related to lower pEFS, only Hgb level at
diagnosis <8 g/dL was statistically significant. Relapses
occurred in nine patients and 5-year pRFS was 90.1%
(£3.6%). In univariate analysis, patients who did not achieve
remission on day 33 had a more than 35-fold higher risk of
relapse (data not shown). Other factors related to a worse
pRFS were hepatomegaly, splenomegaly, and age <10 ye-
ars at diagnosis.

Discussion

Decades of research into childhood ALL have resulted
in the identification of several clinical and laboratory
features which have had significant impacts on therapy
outcomes. The best-known factors include age, leukocyte
count at diagnosis, immunophenotype and chromosomal
abnormalities in blasts, and response to initial therapy.
The presence of prognostic factors has enabled risk group
stratification and led to therapy intensification in patients at
risk of treatment failure [4, 12]. The present data reflects
improvements in therapy outcomes in childhood ALL as
well as developments in diagnostic methods achieved due
to international collaboration and great research effort.

During the first two analyzed periods, CNS involvement
was one of the most important factors related to a poor out-
come. Patients with CNS involvement had a 34-fold higher
risk of relapse in the period 1976-1984 (p = 0.001) and
a 10-fold higher risk of death between 1983 and 1988
(p=0.010). This impact was also observed in international
therapy protocols analysis, and resulted in the introduction
of CNS prophylaxis and the introduction of the administra-
tion of high doses of methotrexate, which improved 5-year
pEFS from 9% to 36% [6]. In other research, CNS prophy-
laxis with intrathecal methotrexate and cranial irradiation
reduced the risk of CNS relapse from 32.5% to 1.4% after
hematological remission [13]. Further efforts have been
made towards limiting the side effects of CNS prophylaxis,
and currently only a strictly limited group of patients who
are at the highest risk of CNS relapse are treated with cra-
nial irradiation.

Another feature early identified as a risk factor was
age at diagnosis. Infants, especially in the first year of life,
have significantly worse outcomes compared to children
aged between one and six. In our analysis, patients aged
<1 year treated between 1983 and 1988 had significant-
ly lower pOS (p = 0.033) and pEFS (p = 0.082). This effect
is caused by the different leukemia biology in this particu-
lar group and the high risk of long-term side effects [14].
The answer for issues related to infant ALL was the de-
velopment of dedicated therapy protocols, conducted by
three large collaborative groups — the Children’s Oncology
Group (COG), the Japanese Pediatric Leukemia/Lymphoma
Study Group (JPLSG), and the Interfant Study Group [14].
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Infant-dedicated protocols, as well as previous observa-
tions, resulted in better understanding of infant ALL genet-
ic background and the identification of risk factors in this
group, and provided necessary information about treat-
ment toxicity [14].

The role played by Hgb concentration at diagnosis is un-
known, with a significant impact of Hgb <8/dL on EFS and
RFS. This phenomenon was also reported by Schrappe et
al. [15] in their analysis of BFM-90 protocol results. This is
difficult to explain, but hypothetically it might correspond to
marrow blasts involvement or cellular sensitivity.

One of the most important prognostic factors in child-
hood lymphoblastic leukemia is early response to treat-
ment. It has been proved that the hematological response
to prednisone on day 8 of therapy, and the bone marrow
response at later timepoints, have crucial impacts on long-
-term outcomes (2, 16, 17]. In our study, this effect was
mostly seen in children treated in the period 1988-1995,
when PPR was related to a more than 3-fold higher risk of
death (p = 0.001) and an almost 2-fold higher risk of re-
lapse (p = 0.019). Due to this observation, patients with
PPR were stratified into a high risk group with therapy inten-
sification, which led to an improvement in therapy outcome
in this particular group [18]. Furthermore, in our analysis,
the response to treatment was one of the most important
risk factors during subsequent therapeutic periods [4, 19].
That resulted in the development of diagnostic methods re-
lated to therapy response assessment, and the implemen-
tation of MRD monitoring. This in turn enabled the early
identification of patients at risk of relapse, even at times
when the disease seems to be in remission. Moreover, it
allows us to reduce therapy in standard-risk patients with
a low level of MRD [20].

Genetic aberrations in blast cells proved to be crucial
to the proper understanding of ALL biology and therapy
response. One of the first genetic aberrations identified
as a risk factor was the BCR-ABL mutation, and patients
with this feature were thus stratified into a high risk group
[21]. In our cohort, genetic diagnostics become available
in 1996. In the period 2001-2011, a lack of the BCR-ABL
mutation was the most important factor related to a better
pOS (p <0.001). Unsatisfactory therapy results in this group
resulted in treatment modification, with the introduction of
targeted therapy with tyrosine kinase inhibitors (TKI), which
have dramatically improved patients’ outcomes. The suc-
cess of TKI drove further research into targeted therapy in
childhood ALL [21].

Conclusions

Prognostic factors in ALL have changed during the last few
decades, and the development of diagnostic methods have
led to a better understanding of the underlying causes of the
disease. Medicine has become more aware of ALL's genetic

background, and this has triggered further research in the
field of genetic diagnostics and contributed to its accessibil-
ity. Furthermore, the changing landscape of risk factors in
ALL has reflected sustained progress in ALL therapy, with the
gradual elimination of features related to poor outcomes,
mostly due to modifications in treatment and developments
in diagnostic methods as well as therapy monitoring.

The modern era of immunotherapy and treatment fo-
cused on molecular pathways facilitates a more targeted ap-
proach, with new opportunities regarding the high risk group
of patients [22]. Moreover, targeted therapy has had a great
impact on treatment toxicity reduction in specific subgroups.
New therapy protocols should bring answers regarding the
efficiency and side effects of novel therapies in ALL.

Authors’ contributions

JS —data collection and interpretation, statistical analysis,
description of results. ED, AJG — data collection and inter-
pretation, statistical analysis. NB, AK, SK, KC, MRP, RD,
MP, BT, PK, JC, ME, AM, AD, AU, EG, KJ, EW, DK, Mt, MA,
SW, 0G, ST, MM, MD, MK, BKR, ED, AM — data collection
and interpretation. JS — thesis draft, critical review and
important intellectual content, acceptance of final version
for publication.

Conflict of interest
The authors declare no conflict of interest.

Financial support
None.

Ethics

The work described in this article has been carried out in
accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments involv-
ing humans; EU Directive 2010/63/EU for animal experi-
ments; Uniform requirements for manuscripts submitted
to biomedical journals.

References

1. StyczynskiJ, Balwierz W, Dembowska-Bagiriska B, et al. Paediatric on-
cology and haematology in Poland: position paper. Pediatr Pol. 2018;
93(6): 451-461, doi: 10.5114/polp.2018.82653.

2. Vrooman LM, Silverman LB. Treatment of childhood acute lymphoblas-
tic leukemia: prognostic factors and clinical advances. Curr Hematol
Malig Rep. 2016; 11(5): 385-394, doi: 10.1007/511899-016-0337-y,
indexed in Pubmed: 27502091.

3. Malard F, Mohty M. Acute lymphoblastic leukaemia. Lancet. 2020;
395(10230): 1146-1162, doi: 10.1016/50140-6736(19)33018-1,
indexed in Pubmed: 32247396.

4. Vrooman LM, Silverman LB. Childhood acute lymphoblastic leuke-
mia: update on prognostic factors. Curr Opin Pediatr. 2009; 21(1):
1-8, doi: 10.1097/MOP.0b013e32831f1f24, indexed in Pubmed:
19242236.

\ www.journals.viamedica.pl/acta_haematologica_polonica



Joanna Stankiewicz et al., Risk factors in childhood ALL: experience from kujawsko-pomorski region in period 1976-2018

10.

11

12.

13.

Jatczak-Gaca A, Styczyriski J, Koltan A, et al. Analiza czynnikéw prog-
nostycznych w ostrej biataczce limfoblastycznej u dzieci leczonych
w regionie kujawsko-pomorskim w latach 1976-2010. Post Nauk
Med. 26; 9(201): 627-633.

Rivera GK, Pinkel D, Simone JV, et al. Treatment of acute lymphoblas-

14.

15.

Kotecha RS, Gottardo NG, Kees UR, et al. The evolution of clinical trials
for infant acute lymphoblastic leukemia. Blood Cancer J. 2014; 4(4):
€200, doi: 10.1038/bcj.2014.17, indexed in Pubmed: 24727996.

Schrappe M, Reiter A, Ludwig WD, et al. Improved outcome in child-
hood acute lymphoblastic leukemia despite reduced use of anth-

tic leukemia. 30 years' experience at St. Jude Children’s R h
Hospital. N Engl J Med. 1993; 329(18): 1289-1295, doi: 10.1056/
NEJM199310283291801, indexed in Pubmed: 8413409,

Moaricke A, Zimmermann M, Reiter A, et al. Long-term results of five
consecutive trials in childhood acute lymphoblastic leukemia per-
formed by the ALL-BFM study group from 1981 to 2000. Leuke-
mia. 2010; 24(2): 265-284, doi: 10.1038/leu.2009.257, indexed in
Pubmed: 20010625.

Gustafsson G, Schmiegelow K, Forestier E, et al. Improving outcome
through two decades in childhood ALL in the Nordic countries: the
impact of high-dose methotrexate in the reduction of CNS irradiation.
Nordic Society of Pediatric Haematology and Oncology (NOPHO). Leu-
kemia. 2000; 14(12): 2267-2275, doi: 10.1038/sj.leu.2401961,
indexed in Pubmed: 11187918,

Kwieciniska K, Balwierz W, Moryl-Bujakowska A, et al. [Long-term
observations of children with acute lymphoblastic leukemia and
high leukocytosis treated according to modified “New York™ proto-
cols (1987-2003)]. Przegl Lek. 2010; 67(6): 350-354, indexed in
Pubmed: 21344760.

Stary J, Zimmermann M, Campbell M, et al. Intensive chemotherapy for
childhood acute lymphoblastic leukemia: results of the randomized inter-
continental trial ALL IC-BFM 2002. J Clin Oncol. 2014; 32(3): 174-184,
doi: 10.1200/JC0.2013.48.6522, indexed in Pubmed: 24344215,
Zawitkowska J, Lejman M, Zaucha-Prazmo A, et al. Clinical charac-
teristics and analysis of treatment result in children with Ph-positive
acute lymphoblastic leuk ia in Poland between 2005 and 2017.
Eur J Haematol. 2018; 101(4): 542-548, doi: 10.1111/ejh.13142,
indexed in Pubmed: 30007093.

Lee JW, Cho B. Prognostic factors and treatment of pediatric acute
lymphoblastic leukemia. Korean J Pediatr. 2017; 60(5): 129-137,
doi: 10.3345/kjp.2017.60.5.129, indexed in Pubmed: 28592975.
Council MR. Treatment of acute lymphoblastic leukaemia — effect of
“prophylactic™ therapy against central nervous system leukaemia.
Br Med J. 1973; 2: 381-384.

www.journals.viamedica.pl/acta_haematologica_polonica

16.

17.

19.

20.

21,

22.

yclines and cranial radiotherapy: results of trial ALL.BFM 90.
German-Austrian-Swiss ALL-BFM Study Group. Blood. 2000; 95(11):
3310-3322, indexed in Pubmed: 10828010.

Gao J, Liu WJ. Prognostic value of the response to prednisone for
children with acute lymphoblastic leukemia: a meta-analysis. Eur
Rev Med Pharmacol Sci. 2018; 22(22): 7858-7866, doi: 10.26355/
eurrev_201811_16411, indexed in Pubmed: 30536331.

Puta A, Zdunek M, Michalczyk K, et al. Chemotherapy delays in chil-
dren with acute lymphoblastic leukemia might influence the out-
come of treatment. Acta Haematol Pol. 2022; 53(2): 141-148, doi:
10.5603/ahp.a2022.0007.

. Aricd M, Valsecchi MG, Conter V, et al. Improved outcome in high-risk

childhood acute lymphoblastic leukemia defined by prednisone-poor
response treated with double Berlin-Frankfurt-Muenster protocol Il.
Blood. 2002; 100(2): 420-426, doi: 10.1182/blood.v100.2.420, in-
dexed in Pubmed: 12091331,

Attarbaschi A, Mann G, Zimmermann M, et al. on behalf of the AIEOP-
-BFM (Associazione Italiana di Ematologia e Oncologia Pediatrica
& Berlin-Frankfurt-Minster) Study Group. Randomized post-induc-
tion and delayed intensification therapy in high-risk pediatric acute
lymphoblastic leukemia: long-term results of the international AIEOP-
-BFM ALL 2000 trial. Leukemia. 2020; 34(6): 1694-1700, doi:
10.1038/541375-019-0670-y, indexed in Pubmed: 31806872.
Health Quality Ontario. Minimal residual disease evaluation in child-
hood acute lymphoblasticleukemia: a clinical evidence review. Ont
Health Technol Assess Ser. 2016; 16(7): 1-52, indexed in Pubmed:
27099643.

Cario G, Leoni V, Conter V, et al. BCR-ABL1-like acute lymphoblastic
leukemia in childhood and targeted therapy. Haematologica. 2020;
105(9): 2200-2204, doi: 10.3324/haematol.2018.207019, indexed
in Pubmed: 33054045.

Styczyriski J. A brief history of CAR-T cells: from laboratory to the
bedside. Acta Haematol Pol. 2020; 51(1): 2-5, doi: 10.2478/ahp-
2020-0002.



34



Acta Haematologica Polonica 2023
Number 4, Volume 54, pages 248-251
DOI: 10.5603/AHP.a2023.0041

ISSN 0001-5814

e-ISSN 2300-7117

SHORT COMMUNICATION N R

Impact of CAR-T therapy for outcomes in primary
refractory acute lymphoblastic leukemia

Joanna Stankiewicz' ®, Ewa Demidowicz, Natalia Bartoszewicz, Andrzej Kottan,
Monika Richert-Przygoriska, Jan Styczyrski ®

Department of Pediatric Hematology and Oncology, Collegium Medicum, Nicolaus Copernicus University in Torun,
Jurasz University Hospital 1, Bydgoszcz, Poland

Introduction

Acute lymphoblastic leukemia (ALL) is the most common
type of malignancy in children. Improvements in ALL ther-
apy have led to significant progress in outcomes, so that
currently more than 85% of children with ALL survive for five
years or longer after diagnosis [1]. Unfortunately, relapses
or refractory disease remain one of the main reasons for
therapy failure. Patients who do not achieve remission
after the induction phase are considered a very high-risk
group, with an unfavorable prognosis [2]. Since the early
2010s, patients not responding to initial treatment have
been treated with intensified chemotherapy, with allogeneic
hematopoietic stem cells transplantation (allo-HSCT) as the
treatment of choice [2]. However, this treatment is asso-
ciated with severe toxicity and potentially life-threatening
complications [1, 2].

During the last decade, several new therapeutic options
for children with high-risk ALL have been developed, such
as monoclonal antibodies, drug-antibody conjugates, and
chimeric antigen receptor T-cells (CAR-T) [3].

We describe below two children with refractory ALL
treated with modern therapeutic options in the pre-CAR-T
era, as well as after the introduction of CAR-T therapy in
Poland.

Methods

Anonymized data of two patients treated in the Depart-
ment of Pediatric Hematology and Oncology, Antoni
Jurasz University Hospital No. 1 in Bydgoszcz, Poland
was collected. The diagnosis was established based on
a bone marrow biopsy including cell morphology with

French-American-British (FAB) classification and immuno-
phenotyping. Analyzed data included clinical observations,
laboratory test results and therapy outcomes. Analysis of
blast cells in peripheral blood (PB) and bone marrow (BM)
was performed in the Laboratory of Clinical and Experi-
mental Oncology at Antoni Jurasz University Hospital No. 1;
molecular analysis of blast cells was performed in the
Medical Laboratory of Pediatric Oncology and Hematology
at the Central Clinical Hospital of the Medical University
of Lodz; flow cytometry monitoring of minimal residual dis-
ease (MRD) was performed in the Department of Pediatric
Hematology and Oncology in the Central Clinical Hospital
of the Medical University of Silesia; and polymerase chain
reactions (PCR) MRD were also performed in the Medical
Laboratory of Pediatric Oncology and Hematology in the
Central Clinical Hospital of the Medical University of Lodz.
This study was approved (KB 577/2021) by the Bioethics
Committee of the Nicolaus Copernicus University in Torun.

Results

Patient 1

A 4-month-old boy, previously healthy, was referred to the
Department of Pediatric Hematology and Oncology due to
hyperleukocytosis (112 G/L), severe anemia (3.9 g/dL)
and thrombocytopenia (7 G/L). The child was diagnosed
with pro-B ALL with MLL/KMT mutation, without central
nervous system (CNS) involvement. Therapy according to
the AIEOP-BFM ALL 2017 protocol was initiated. On day 8
of his treatment, the response was assessed as satisfying
without blast cells in PB (no prednisone poor response).
MRD on day 15 measured by flow cytometry was 9.9%.
Bone marrow biopsy performed on day 33 showed 0.6% of
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blast cells in myelogram and PCR MRD 3 x 107 The boy
was subsequently stratified to a high risk (HR) group with
therapy intensification.

On day 64 of therapy, PCR MRD was still positive (1 x
x 107°) and increased to 2 x 10? on day 118 of treatment.
According to the therapy protocol, the boy was eligible for
allo-HSCT. Subsequently, he received the IDA-FLAG [fluda-
rabine, high-dose cytarabine (HD-Ara-C), idarubicin, granu-
locyte colony-stimulating factor (G-CSF)] chemotherapy cy-
cle, which was complicated by sepsis and cardiorespiratory
failure. He was treated with broad-spectrum antibiotics and
catecholamines, and he responded well to the treatment.
Afterwards, he received one cycle (of 28 days) of blinatu-
momab therapy administered through continuous infusion
with a dose of 2 pg/day during the first seven days, followed
by a dose of 6 pg/day for the next 21 days. However, af-
ter the cycle, PCR MRD increased to 8 x 10°*. The therapy
was switched to HIB chemotherapy according to the ALL
IntReALL2010 HR protocol. After three weeks of the next
line treatment, there were 79.8% blast cells in the bone
marrow. Due to the failure of classical chemotherapy, the
patient received two cycles of immunotherapy treatment
with monoclonal antibody-drug conjugate anti-CD22 (ino-
tuzumab ozogamicin) at a dose of 0.5 mg in a single in-
fusion, as part of mini-Hyper-CVD [cyclophosphamide,
dexamethasone, methotrexate and cytarabine in reduced
doses] chemotherapy. The blast cell load in the bone mar-
row was 40% after the first cycle of inotuzumab and 28%
after the second one. However, after the third cycle of im-
munotherapy, there was another increase of blast cells in
the bone marrow, with the percentage reaching 30%. The
patient then received another cycle of chemotherapy with
clofarabine, cyclophosphamide, etoposide and vincristine.
Treatment was complicated with Candida sepsis, pneumo-
nia and cardiorespiratory failure, which required treatment
in the intensive care unit. Over the next few days, contin-
uous clinical progression of leukemia was observed (pro-
gressive hepatosplenomegaly, increased blast cells count
in PB). He was qualified for palliative care treatment. He
died 14 months after the beginning of the ALL treatment.

Patient 2

A 13-month-old girl, previously healthy, was referred the
Department of Pediatric Hematology and Oncology with
hyperleukocytosis (268 G/L), severe anemia (3.9 g/dL),
and thrombocytopenia (16 G/L). The girl was subsequently
diagnosed with pro-B ALL with MLL mutation without CNS
involvement. She was treated according to the AIEOP-BFM
ALL 2017 protocol. During the induction phase, a poor
response to initial treatment was observed (poor predni-
sone response on 8" day, 74% of blast cells in PB by flow
cytometry (FC) MRD on 15" day, 6.6% of blast cells in BM
on 33“ day). At the end of the consolidation phase, there
were 0.4% of blast cells in BM. Due to an unsatisfactory

response, the girl began the first of two scheduled cycles of
blinatumomab administered through continuous infusion
with a dose of 2 pg/day. The first cycle was interrupted
after only two days because of a severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection, but it was
resumed immediately with a dose of 3 pg/day after the
patient recovered from the infection. After the first cycle of
blinatumomab, which lasted a total of 28 days, MRD PCR
was 2 x 107 During the second cycle of blinatumomab
therapy, she received the drug at a dose of 12.5 ug/day
via continuous infusion for 28 days.

However, despite the higher dose of blinatumomab,
the MRD PCR increased to 7 x 10~ after the second cy-
cle. Furthermore, there were no matched related or un-
related donors for allo-HSCT. The patient was eligible for
CAR-T therapy. As a bridge therapy during CAR-T prepara-
tion, she received immunotherapy with a single infusion
of inotuzumab ozogamicin at a dose of 0.4 mg, followed
by another infusion at a dose of 0.5 mg one week later.
Unfortunately, there was a poor response, as demonstrat-
ed by a bone marrow biopsy that showed 47% blast cells.
The therapy was switched to HIB cycle according to the
IntReALL HR 2010 protocol. The next step was CAR-T in-
fusion which was complicated by grade | cytokine release
syndrome (CRS) and autoimmune hypothyroidism. Another
complication of the treatment was secondary hypogamma-
globulinemia, which has required IVIG substitution continu-
ing up to date. The girl has been in remission since CAR-T
infusion (for 19 months now), in a good general condition,
and with adequate psychomotor development.

Discussion

Primary refractory childhood ALL occurs in a small subse-
quent group of patients, and represents 2-3% of all cases.
Ten-year overall survival in this group is 32 £ 1%, with
a particularly unfavorable survival rate among infants with
an MLL gene rearrangement [2]. Previously, children with
primary refractory ALL have received an intensification of
conventional chemotherapy, but the results of this approach
have proved unsuccessful due to the high toxicity of the treat-
ment [4]. New therapeutic options based on immunotherapy
have significantly improved prognosis in this high-risk group,
with particular success demonstrated by CAR-T, which has
proved to be a breakthrough in the treatment of patients
with primary refractory or relapsed disease.
Blinatumomab has become the first approved bispecif-
ic monoclonal antibody for the treatment of pediatric re-
lapsed or refractory B-cell ALL (B-ALL) [4]. Blinatumomab
is a monoclonal antibody that simultaneously targets CD3+
of endogenous T-cells and CD19+ B-ALL cells. In phase I/
/Il studies, it has demonstrated complete response (CR)
rates of 30% in patients with refractory ALL, and of 48% in
those with relapsed disease [5]. In phase lll clinical trials in
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high-risk relapsed childhood ALL, the incidence of events
in the blinatumomab versus chemotherapy groups was
31% versus 57% (p <0.001) [6]. The most severe adverse
effects include infections, anemia, thrombocytopenia, fe-
brile neutropenia and CRS [5].

Another approach to immunotherapy in ALL is repre-
sented by drug-antibody conjugates such as inotuzumab
ozogamicin, which is a CD22-directed monoclonal antibody
conjugated to the cytotoxin calicheamicin. In the Children
Oncology Group study, inotuzumab proved to be effective
in children with relapsed ALL, with a response rate of 58%
[CR or CR with incomplete bone marrow recovery (CRi)]
[7]. Similar promising effects were shown in a study in an
infant and young child population, where 50% of patients
achieved CR [8]. The most severe and life-threatening
complication of inotuzumab treatment is sinusoidal ob-
struction syndrome which can occur in as many as 50%
of patients who have received allo-HSCT as part of their
ALL treatment [8].

CAR-T has recently emerged as a breakthrough thera-
py for patients with refractory or relapsed B-ALL. CAR-T are
T-cells engineered from the patient to express a chimeric
antigen receptor for targeted receptor on B-ALL cells. Cur-
rently, only CD-19 targeted CAR-T are approved for child-
hood B-ALL treatment [4, 9]. CR after CAR-T infusion has
reached 70-90% in clinical trials, depending on the CAR-T
type and CR definition [9]. However, it is still unclear wheth-
er CAR-T should be considered as a final treatment, or
whether it should be followed by allo-HSCT [9, 10]. On the
other hand, CAR-T manufacturing can be challenging and
the treatment is related to manageable, albeit life-threaten-
ing, complications such as CRS or neurotoxicity [9, 11, 12].

In this report we have described two cases of primary
refractory childhood ALL. In both patients, a lack of remis-
sion at the end of induction was combined with other risk
factors such as MLL rearrangements and high hyperleuko-
cytosis at diagnosis [1]. Because of the failure of standard
therapy, both children were qualified to second line therapy
with immunotherapy as one of the available options. In both
cases, monoclonal antibodies as well as intensification of
classical chemotherapy have been shown to be only partial-
ly effective. Unfortunately, CAR-T therapy was unavailable in
the first case, but it proved highly effective in the second pa-
tient, being a curative option. Since September 2021, CAR-T
therapy has been reimbursed in Poland for children and
adults up to the age of 25 with refractory or relapsed B-ALL.

We hope that innovative therapies will improve out-
comes in patients with primary refractory disease, as un-
til now the prognosis in these patients has been highly
unfavorable.
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on day 4 post-infusion
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Abstract

Chimeric antigen receptor (CAR) T-cell therapy is associated with specific toxicities related to immunological response
to the therapy. The aim of this study was to analyze the kinetics of cytokine responses after CAR T-cell infusion and
its correlation with observed toxicities. Data from patients treated with CAR T-cell therapy at a single children’s oncol-
ogy center in 2023-2024 was analyzed. The data included CAR T-cell count in peripheral blood, hematology labora-
tory data and proinflammatory biomarkers (IL-2, IL-4, IL-6, IL-10, IL-17A, TNFa, IFNy, CRP, and ferritin), and observed
toxicities. Six patients were treated with CD19 CAR-T cell therapy for relapsed/refractory (R/R) acute lymphoblastic
leukemia (ALL). The expansion of CAR T-cells was observed during the first 14 days following infusion, with the peak
occurring between days 6 and 12. Cytokine release syndrome was observed in 5/6 analyzed cases, mostly during the
first week after the infusion. Increased plasma concentrations of IL2, IL10, and IFNy were observed on the fourth day
after CAR T-cell infusion. Biphasic peaks were detected in the plasma concentrations of -4 (on days 1 and 4), and
IL-6 and IL-17a (on the day after the infusion and on days 8 and 9). Day 4 post-infusion was characterized by elevated
plasma levels of most of the analyzed cytokines and this correlated in terms of time with CRS and ICANS. We also
observed an immunological response to the infusion itself, along with CAR-T cell expansion.

Keywords: chimeric antigen receptor T-cell, CAR T-cell, relapsed/refractory acute lymphoblastic leukemia, children,
cytokines

Acta Haematol Pol 2025; 56, 2: 108-116

Introduction

Chimeric antigen receptor (CAR) T-cells engineered to target
CD19 have shown significant efficacy in treating relapsed
or refractory (R/R) B-cell malignancies, with particularly
high complete remission (CR) rates in R/R acute lym-
phoblastic leukemia (ALL) [1]. In pediatric patients with

R/RALL, CD19 CAR T-cell therapy has been associated with
a CR >80% in a highly pretreated group [1-3].

Yet despite its high efficacy, CAR T-cell therapy is as-
sociated with severe toxicities that differ significantly from
those observed with conventional cytotoxic treatment
[4]. The two main potentially life-threatening adverse ef-
fects of CAR T-cells are cytokine release syndrome (CRS),
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and immune effector cell-associated neurotoxicity syn-
drome (ICANS). CRS is characterized by systemic inflamma-
tion leading to fever, chills, fatigue, anorexia, and, in severe
cases, cardiovascular instability, whereas ICANS, which is
related to cytokine dysregulation in the central nervous sys-
tem (CNS), typically manifests as toxic encephalopathy with
confusion, somnolence, cranial palsy and seizures (2, 4, 5].

As CAR T-cell therapy becomes more widely used in
clinical practice, predicting the onset and severity of toxic-
ity and optimizing its management have become essential
[6]. Analyses of immunological response after CAR T infu-
sion have shown that certain proinflammatory cytokines
can be used to identify patients at risk of severe adverse
effects [2, 6, 7]. The incorporation of CAR T-cells and cy-
tokine monitoring can guide therapeutic approaches for
identifying possible toxicities and side effects.

The aim of this analysis was to study the kinetics of
cytokine responses after CAR T-cell infusion, and to deter-
mine their correlation with observed toxicities. The study
was approved (KB577/2021) by the Ethics Committee of
Collegium Medicum, Nicolas Copernicus University, Byd-
goszcz, and was conducted in accordance with the Decla-
ration of Helsinki.

Material and methods

Patients and study design

Data from patients treated with CAR T-cell therapy at the
Department of Pediatrics, Hematology and Oncology, Uni-
versity Hospital No. 1 in Bydgoszcz, Poland from May 2023
to August 2024 inclusive was analyzed. The indication for
CAR T-cell therapy was R/R ALL. Patients received a single
dose of CAR T-cell therapy with tisagenlecleucel (Kymriah,
Novartis Europharm, Basel, Switzerland). All patients were
observed for the occurrence of CRS and ICANS for 14 days,
or longer if clinically indicated. The entire follow-up period
was determined based on the infusion time and the study
design.

Data analyzed in this study included serial measure-
ments of CAR T-cell count in peripheral blood, hematology
laboratory data such as white blood cell count (WBC), ab-
solute neutrophil count (ANC) and percentage, absolute
lymphocyte count (ALC) and percentage, with monitoring
of CD3 and CD19 number/percentage and proinflamma-
tory biomarkers (C-reactive protein (CRP), ferritin and spe-
cific cytokines).

Disease burden was assessed in bone marrow from
biopsies performed before CAR T-cell infusion, 30 days af-
ter the infusion, and, in cases of clinical indications (e.g.
prolonged cytopenias, suspicion of relapse), during the
follow-up.

Owing to the small sample size and deviation from a nor-
mal distribution, most quantitative variables are presented
as medians with trend lines or ranges. The language was

corrected using the TRINKA grammar checker on the web-
site: www.trinka.ai website.

Flow cytometric detection of CAR T-cells

A four-color flow cytometry panel was used based on
a commercial CD19 CAR detection reagent kit (CD19 CAR
detection reagent human, biotin; CD3 antibody, anti-hu-
man, PE, REAfinity; CD45 antibody anti-human, VioBlue,
REAfinity; Biotin antibody, APC, REAfinity, Miltenyi Biotec,
Bergisch Gladbach, Germany). This reagent consisted of
a biotinylated CD19 antigen that binds CD19-targeted
CAR-Ts. In a second incubation step, the biotin-labeled CAR
T-cells were then stained with a fluorochrome-conjugated
anti-biotin antibody.

Flow cytometric detection of cytokines
Cytokines were detected using the flow cytometry method
(CBA and BD Cytometric Bead Array Human Th1/Th2/Th17
Cytokine Kit, Becton Dickinson, Franklin Lakes, NJ, USA).
The following cytokines were analyzed: IL-2, IL-4, IL-6, IL-10,
IL-17A, TNF-a, and IFN-y. Serial samples for serum cytokine
levels were obtained within the two days before CAR T cell
infusion and during the 14 days after it.

Definitions

Cytokine release syndrome and ICANS severity was graded
according to the stage system proposed in the ASTCT Con-
sensus Grading for CRS and ICANS [8]. Disease burden was
assessed using standard morphological examination and
polymerase chain reaction (PCR) analysis of bone marrow
and peripheral blood samples. Minimal residual disease
(MRD) was measured by detecting clone-specific immuno-
globulin and T-cell receptor gene rearrangements using PCR
amplification in bone marrow [9]. CR was defined as MRD
negativity with at least one, and if possible two, markers
with a sensitivity and quantitative range of at least 10e-4.

Results

During the analysis period, six patients were treated with
CD19 CAR-T cell therapy with tisagenlecleucel for R/R ALL
and were included in the analysis. The median follow-up
period was 11 months (range 1-15) after CAR T-cell in-
fusion. Specific data regarding indication for CAR T-cell
therapy, transduced CAR T-cell dosage, and treatment
complications is set out in Table 1. Bridging therapy was
based on the FRALLPOST 2004 and IntReALL 2010 pro-
tocols [9, 10]. Three patients had previously undergone
allogeneic hematopoietic stem cell transplantation (HCT),
with the times from HCT to CAR T-cell infusion being
11 years (Patient 2), two years (Patient 3), and 18 months
(Patient 4). All patients received CAR T-cells at one in-
fusion, with an average dose of 3.28 x 10° cells (range
2.4-512 x 10° cells).

www _journals.viamedica.pl/acta_haematologica_polonica /



Acta Haematologica Polonica 2025, vol. 56, no. 2

Table I. Clinical data of patient characteristics with indication for CAR T-cell therapy, bringing therapy, transduced CAR T-cell dosage, treat-

ment complications and outcomes

Age Indication for
(years) | CAR T-cell*

Bridging
therapy

CAR-T/kg

ICANS | MRD
before
CAR T-cell
infusion

MRD 30
days after
CAR T-cell
infusion

1 5 1" line FRALL- 2.4 x10° 4+8 1 448 2+2 55x10' <5x10" Negative
refractory -POST! cells
disease 2004
2 17 Relapse FRALL- 26x10° 3 1 NA 0 Negative Negative Negative
after HCT” -POST! cells
2004
3 6 Relapse IntReALL: 32x10° 2 1 NA’ 0 5x10° Negative Negative
after HCT” SIA°® cells
AP BT Relapse IntReALL: 39x10° 4 1 5 1 <1x10" Negative Negative
after HCT* SIA® cells
S 10 2" ALL’ re- FRALL 246x10° 2 ) 2 2 Negative Negative  Negative
lapse -PoOST! cells
2004
6 11 2“ALLre-  IntReALL: 512x10° NA" O NA 0 No mo-
lapse SIA® cells lecular
markers
'CAR T-cell = chimeric antigen receptor T-cell: “"HCT — stem cell "ALL — acute leukemia; ‘FRALLPOST — Frankfurt relapse acute lymphoblastic leukemia post stem

cell transplantation protocol; ‘IntReALL — an international randomised phase Iil study for treatment of standard risk childhood relapsed acute lymphoblastic leukemia: “SIA — dexamethasone, vineristine

PEG i

NA - not

CRS and neurotoxicity

Cytokine release syndrome was observed in 5/6 analyzed
cases. Three children experienced ICANS. None of the ana-
lyzed patients had grade 3-4 CRS or ICANS. The incidence
and severity of CRS are set out in Table |. The majority of
CRS and ICANS cases were observed during the first week
after CAR-T infusion, with the exception of the first patient
who developed CRS and ICANS on days 4 and 8 after the
infusion.

Cytokine release syndrome and ICANS were managed ac-
cordingtothe 2021 best practice recommendations of the Eu-
ropean Society for Blood and Marrow Transplantation (EBMT)
and the Joint Accreditation Committee of ISCT and EBMT
(JACIE) and the European Hematology Association (EHA) [8].
All patients with CRS received tocilizumab 1-4 doses ev-
ery eight hours, depending on the clinical course and re-
sponse to therapy. Two patients received steroids. None of
the patients required admission to the intensive care unit
(ICU) for CRS or ICANS management.

CAR T and cytokines kinetics

An expansion of CAR T-cells was observed during the first
14 days following infusion, with the peak in CAR T-cells
number and percentage occurring between days 6 and 12
(Fig. 1). The expansion of CAR T-cells was associated with
a rapid decrease in CD19-positive cells. The percentages

of CD3, CD19 and CAR T-cells over the follow-up period for
respective patients are set out in Figure 2.

C-reactive protein and ferritin levels, but not procal-
citonin levels, increased in a time-dependent correlation
with the observed toxicities (see Fig. 3). Increased plasma
concentrations of IL-2, IL-10, and interferon gamma (IFN-y)
were observed on the fourth day after CAR T-cell infusion,
as shown in Figure 4. Two peaks in IL-4 concentrations
were observed on the first and fourth days after CAR T-cell
infusion. Biphasic peaks were also detected in the plasma
concentrations of IL-6 and IL-17a. Individual patients’ cyto-
kines levels, along with median results and trend lines for
each cytokine, are set out in Figure 4.

Patients who developed grade 2 CRS exhibited higher
concentrations of IL-4, IL.-17a, and IFN-y compared to the
median results of patients with grade 1 CRS, while no sig-
nificant differences were observed in the levels of IL-2, IL-6,
IL-10, or TNF-a (see Fig. 5).

Hematological toxicities

All patients developed neutropenia following CAR T-cell
infusion, with the majority experiencing severe neutropenia,
defined as an absolute neutrophil count (ANC) of below
0.5 x 103/pL. The dynamics of ANC over the three-month
follow-up period after CAR T-cell infusion are illustrated
in Figure 6.

\ www_journals.viamedica.pl/acta_haematologica_polonica



Joanna Stankiewicz et al., Immunological response to CAR-T in pediatric R/R ALL: peak of cytokines on day 4 post-infusion

A Cells/pL
800

700
600
500
400
300
200
100

ot\‘“

CAR T-cells number

~Patient 1 — Patient 2 ~— Patient 3 ——Patient 4 — Pationt 5 — Patient 6

%) CAR T-cells percentage
100

80
60
40

20

A

" i

~ Pationt 1 Patient2 — Potientd —Patient4 -~ Patient5 — Patient 6

30 60 91 121 152 182 213 244 274 305 335 866
ays

0 =
0 30 60 91 121 152 182 213 244 274 305 335 [3)66
ays

B Cells/pL
800

700
600
500
400
300
200
100

0

CAR T-cells number

ﬁ-‘

2 5 8 11 14 17 20 23 26 29
Day:

~Pationt 1 — Pationt 2 ~— Patient 3 ~=Patient 4 —Patient 5 = Pationt &

C

10° D3+CD19CART- CD3+CD19CART+
i8 ;

832,200, 8.30

CD3PE-A
-
o
v

102,

: CD3-CD19CART- CD3-CD19CART+
1334 i ...
0 10 10° 10 10°
CD19CAR APC-A

Figure 1. Chimeric antigen receptor T-cells expansion. A. Chimeric antigen receptor T (CAR T) cells number for six analyzed patients during
follow-up period; B. CAR T-cells number for six analyzed patients during first month after infusion; C. CAR T-cells percentage during follow-up
period; D. Representative flow cytometry plot for CAR-positive CD3+ lymphocytes detection

Outcomes

On day 30 after the infusion, 4/5 patients with detectable
molecular markers had negative MRD, and the final MRD
before this article's submission for publication was nega-
tive for all patients with detectable molecular markers. All
patients remain in remission up to the present day.

Discussion

Theintroduction of CAR T-celltherapy has radically altered the
treatment paradigm in R/R B-cell malignancies. Despite
better characterization of CAR T-cell kinetics and its
immunological effects, monitoring for adverse events
remains a challenge [11]. Both CRS and ICANS are as-
sociated with the significant production of proinflamma-
tory cytokines, triggered by the interaction between the
CAR T-cell receptor and its target [11]. This process initiates
an inflammatory cascade, wherein activated CAR T-cells
and lyzed cancer cells induce massive production of cy-
tokines such as IL-6, TNF-a, and IL-10. While this process
can enhance the antileukemic efficacy of CAR T-cells,
it can also progress into an uncontrolled and damaging
condition [2, 4, 11].

Routine cytokine assessment has not yet been integrat-
ed into clinical practice. Moreover, there was limited report-
ing of cytokine measurements during the clinical trials of
CAR T-cell therapy [7]. On the other hand, most toxicities are
strongly correlated with elevated plasma concentrations of
specific cytokines [2, 7, 11]. In the analyzed cohort, day 4
post-CAR T-cell infusion showed a marked increase in IL-2,
IL-10, and IFNy. Interleukin 4 plasma levels exhibited two
peaks: on day 1, likely as an immune response to the infu-
sion, and on day 4. The dynamics of IL-6 and IL-17a were
characterized by a rise in the first few days post-infusion,
with the peak on days 8 and 9, which correlated with the
peak of CAR T-cells expansion.

The majority of CRS cases occurred on days 2 and 3,
with plasma cytokine peaks temporally correlated with
the onset of toxicities. This was consistent with findings
from previous studies [12]. The association between
proinflammatory cytokine peaks and CRS resulted in
the introduction of tocilizumab, an anti-IL6 monoclonal
antibody, to CRS treatment. In the analyzed cohort, all
patients who experienced CRS were successfully treated
with tocilizumab, leading to a rapid resolution of symp-
toms. Targeting this cytokine effectively disrupted the
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Figure 2. CD3, CD19 and chimeric antigen receptor T-cell percentages for six analyzed patients during follow-up

immune feedback loop, and reduced the harmful effects
of cytokine activity.

Both CRS and ICANS treatments were divided into subse-
quent steps according to their complications severity (grades
1-4) [8]. While tocilizumab has become the standard treat-
ment for CRS, a subset of patients remains refractory to this
therapy. Moreover, the anti-IL6 monoclonal antibody is not
effective in treating ICANS. Corticosteroids are the next line
of CRS treatment; however, the prolonged administration of
high-dose steroids can compromise the antitumor efficacy of
CAR T-cells and should be reserved for severe cases of CRS [8].

To address the therapeutic gap in CRS management,
additional cytokines are being investigated as potential
targets. In the analyzed cohort, plasma concentrations of

IL-2, IL-10, and IFNy were characterized by similar dynamic
profiles, a correlation also noted in previous studies [13,
14). Moreover, elevated levels of IFNy have been associ-
ated with increased mortality during follow-up [12]. IFNy
is currently under investigation as a novel therapeutic tar-
get for CRS. Emapalumab, a human monoclonal antibody
directed against IFNy, has demonstrated efficacy in pre-
clinical murine in vivo models, mitigating severe CAR T-
-cell-associated toxicities without impairing CAR T-cell ac-
tivation [15]. It also has been successfully applied in the
therapy of a patient with grade 4 CRS refractory to both
tocilizumab and methylprednisolone [16].

Other common adverse effects of CAR T-cell ther-
apy are hematological toxicities, with neutropenia and
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Figure 3. Kinetics of C-reactive protein (CRP) and ferritin with correlation of cytokine-release syndrome, immune effector cell-associated
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thrombocytopenia being the most frequently observed [17].
Cytopenias usually present with a biphasic pattern, with
neutropenia recovery by the second week after the infu-
sion in ¢.50% of patients [17]. A similar pattern was ob-
served in our analyzed patients. The dynamics of ANC re-
flect the mechanism of therapy, with severe neutropenia
following initially post-lymphodepleting therapy. Although
lymphodepletion chemotherapy leads to early cytopenia,
prolonged neutropenia may have multiple contributory fac-
tors, and appears to be strongly linked to inflammation [18].
A second nadir of neutropenia is associated with eleva-
tions of the serum levels of IFN-y, IL-6 and IL-8, a state
similar to those observed in acquired bone marrow fail-
ure such as aplastic anemia and hypocellular myelodys-
plastic syndrome [18, 19]. This mechanism is especial-
ly active in children because of increased thymic activity
and sustained immune dysregulation, leading directly to
hematopoietic suppression or immune-mediated mature
blood cell destruction [18]. Moreover, as shown in Figure 2,
most patients exhibited prolonged B-cell aplasia, which cor-
related with the presence of CAR T-cells. B-cell aplasia is
a well-documented phenomenon associated with disease
remission (8, 19, 20].

Our study has some obvious limitations. The meth-
odology follows conventional approaches. However, the
uniformity in cytokine assay methods, data reporting,
and correlation with clinical outcomes enables mean-
ingful cross-study comparisons. While parallel studies

have become more common, many studies focusing on
CAR T-cell toxicities have not reported cytokine data at
all. Furthermore, not all articles have explored correla-
tions between a broad panel of cytokines and the pres-
ence or severity of CRS. The analyzed group was small,
but CAR T-cell therapy has only become available in Po-
land in recent years, and there is limited data on cyto-
kine kinetics following CAR T-cell infusion in Polish popu-
lations. Given the relatively homogeneous genetic profile
within this population, reporting such results is crucial
in order to identify potential differences in immunolog-
ical responses.

Conclusions

Incorporating cytokine profiling into clinical practice could
improve our understanding of the correlations between
specific cytokines levels and distinct toxicities, potentially
guiding new therapeutic approaches. In our study, day 4
post-infusion was characterized by elevated plasma levels
of most of the analyzed cytokines and there was a correla-
tion in terms of time with CRS and ICANS. We also observed
an immunological response to the infusion itself, along
with CAR T-cell expansion. Hematological toxicities were
common, with a biphasic neutropenia pattern.

Cytokine profiling provides valuable insights into the in
vivo functionality of CAR T-cells, and can facilitate the early
identification of patients at risk of severe adverse effects.
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Abstract. Background/Aim: Pediatric acute myeloid
leukemia (AML) is a heterogenous disease; however,
development of diagnostic methods has led to a better
understanding of its nature and improvement in therapy
outcomes. In this study, we evaluated treatment results in
children with AML treated in a single oncology center in
comparison with international results. Patients and Methods:
Data from 77 children with AML treated in a single oncology
center between 1994 and 2020 were analyzed. Patients had
been treated according to five consecutive therapy protocols:
AML NOPHO 88; ANLL 98; BFM AML 2004; BFM AML
2012, and BFM AML 2019. Five-year overall survival (OS),
5-year event-free survival (EFS) and 5-year relapse-free
survival (RFS) were evaluated for each therapy protocol to
determine prognostic factors and clarify differences between
international and individual center results. Results: During
the observational period, 5-year OS increased from 55.6% to
85.7%, 5-year EFS from 45.7% to 87.5% and 5-year RFS
from 51.4% to 85.7%. Hematopoietic cells transplantation
(HCT) introduction in early 2000’ improved treatment
outcomes in the high-risk group, what has been mostly seen
in the results of 5-year EFS. Treatment-related mortality was
the most frequent cause of death in the analyzed group.
Conclusion: Despite the significant improvement in therapy
of pediatric AML, treatment outcomes remain unsatisfying.
Introduction of HCT relevantly improved therapy results,
especially in the high-risk group. International cooperation
is crucial because of the small patient numbers in individual
oncology centers.
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During the last 30 years, significant improvement in pediatric
acute myeloid leukemia (AML) treatment has been made.
International collaboration is necessary in AML trials because
of the small number of patients in regional oncology centers,
the need of standardized risk group stratification and
implementing unified protocols (1, 2). In 1983, The Polish
Pediatric Leukemia/Lymphoma Study Group introduced
international treatment protocols in AML therapy in Poland.
Multi-aspects  national transformation enabled better
implementation of the treatment guidelines, which led to
improvement in treatment outcomes in children with AML (3,
4). The progress can be seen nationwide as well as in individual
oncology centers. The aim of the study was to determine
specific prognostic factors in each therapeutic era and compare
a single center performance with international results. We
analyzed data from 77 patients treated in the Department of
Pediatrics, Hematology and Oncology in Bydgoszcz between
1994 and 2020 with five consecutive AML protocols.

Patients and Methods

Design of the study. In this study, we retrospectively analyzed
outcomes in all patients diagnosed with AML at a single children
oncology center in Poland between 1994 and 2020. Treatment
results were divided into specific therapeutic groups, defined by
several therapy protocols.

Patients. Data of patients aged under 18 years with AML treated
between 1994 and 2020 in the Department of Pediatrics,
Hematology and Oncology in Bydgoszcz were analyzed. The
inclusion criteria included patients with AML, including AML as
myelodysplastic syndrome (MDS) transformations, patients with
comorbidities or congenital malformations (including Down
syndrome) and also biphenotypic or bilineage leukemia with AML
component.

Diagnosis. In all cases, diagnosis was established based on bone
marrow biopsy including cell morphology with the French-
American-British (FAB) classification and immunophenotyping.
Since 2003, cytogenetic analyses have been performed. Central
verification of cell morphology, immunophenotyping, and
cytogenetics have been performed since 2005. Complete blood
count, ultrasonography of the liver and spleen, lumbar puncture,
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Table 1. Risk group definitions.

Protocol Risk group Definition

AML NOPHO 88 No risk group stratification

ANLL 98 SR FAB other than M5, <5% blasts in BM on day 15, no increase in blast count after day 15
HR Patients not qualified as SR group
AML BFM 2004 SR M1/M2 with Auer rods'-2, AML with t(8;21)! 2, M4Eo with inv16a'2, M3 AML in Down’s syndrome
HR MO M1/M2 without Auer rods M4, M5, M6, M7
AML BFM 2012 SR 1(8:21), inv(16), t(1:11) NPM1, CEBPadm
IR Patients not qualified as SR group or HR group
HR t(4:11), t(S:11), w6:11), t(10:11), 1(6;9), 1(7:12), derl2p, isolated monosomy 7,
1(9:22), FLT3-ITD-WT1mut, complex karyotype
AML BFM 2019 SR34 Inv(16)(p13.1922), t(16;16)(p13:q22), t(8:21)(q22:q22), t(1:11) (q21:q23),
normal karyotype and NPMI-mutation, normal karyotype and CEBPA (double mutation)
IR* Patients not qualified as SR group or HR group
HR Abnormalities in chromosome 12p/ 1(2;12), monosomy 5/5q-, WTImut and FLT-ITD, monosomy 7

(not in combination with favorable/MLL- aberrations), t(4;11)(q21:q23): MLL/AF4, t(5:11)(q35.3:p15):
NUP98/NSDI, t(6:11)(q27:q23)); MLL/AF6, t(10;11)(p12:q23); MLL/AFI10, 1(6:9)(p23:q34),
1(7;12)(q36:p13), 1(9:22)(q34:q11), complex karyotype, inv(3)(q21q26.2)/t(3:3)(q21:q26.2),
1(16:21)(p11:q22); FUS/ERG, Inv(16)(p13.3q24.3) CBFA2T3-GLIS2

AML NOPHO: Acute myeloid leukemia Nordic Society of Pediatric Hematology and Oncology: AML-BFM: acute myeloid leukemia-Berlin-
Frankfurt-Munster; BM: bone marrow; SR: standard risk; IR: intermediate risk; HR: high risk: FAB: French-American-British. 'FLT3-1TD/TKD
positive patients were re-stratified to HR group. 2patients with 25% blasts in BM on day 15 or blastic reconstitution between day 15 and 28 were
re-stratified to HR group. 3patients with nonresponse after first induction or FLT3-ITD/TKD positive were re-stratified into IR group. 4patients SR
group or IR group with nonresponse after second induction were re-stratified into HR group.

chest X-ray and echocardiography (ECG) were performed in all
cases. Most children were also examined by an ophthalmologist and
children’s neurologist for central nervous system (CNS) assessment.

Treatment protocols and risk group stratification. Patients were
treated according to five therapeutic protocols: AML Nordic Society
of Pediatric Hematology and Oncology (NOPHO) 88 in the period
from March 1994 to March 1998 (5): ANLL 98 from March 1998
to November 2005 (3): Berlin—Frankfurt-Munster (BFM) AML
2004 from November 2005 to August 2013 (6); BFM AML 2012
from August 2013 to January 2020 (7); BFM AML 2019 from
January 2020. Stratification to each risk group was performed since
ANLL 98 protocol and the risk group definition for each protocol
is shown in Table I. Hematopoietic cell transplantation (HCT)
accessibility was limited before 2000 and in the first years,
transplantation was performed in all forms (autologous, matched
related, and unrelated donors), after individual assessment of the
advantages and risk related to the procedure.

Definitions. Complete r ion was defined as <5% of blasts in
bone marrow (BM) of normal or only slightly decreased cellularity,
with signs of regeneration of normal h generation of
normal cell production in peripheral blood (PB), lack of blasts in
PB and the disappearance of any extramedullary sites. Relapse was
defined as reappearance of leukemic blasts in the peripheral blood,
re-infiltration of BM with =5% blasts, or leukemic infiltration
elsewhere following complete remission (CR), lasting at least 4
weeks. Second complete remission (CR2) was defined as
achievement of CR after relapse. An event was defined as failure to
achieve complete remission during the first 42 days of treatment,
relapse, death of any causes, or secondary malignancies after AML
treatment. Overall survival (OS) was defined as the time from AML
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diagnosis until death of any cause, relapse-free survival (RFS) was
defined as the time from AML diagnosis until relapse occurrence
and event-free survival (EFS) was defined as the time from
diagnosis to event occurrence.

Statistical methods. Data were given as median, range and proportion.
Differences between groups were calculated using Ch-squared test
and in specific subgroups relative odds ratio (OR) and relative risk
(RR) were determined, with 95%CI (confidence interval). The
endpoints of the study were 5-year OS, 5-year EFS and 5-year RFS.
Survival rates were calculated with the Kaplan-Meier methods and
compared with the log-rank test. MedCalc 20.100 (MedCalc
Software, Mariakerke, Belgium) statistical software was used. Data
were considered statistically significant when p<0.05. The study was
approved (KB 577/2021) by the Ethics Committee of Collegium
Medicum, Nicolas Copernicus University, Bydgoszcz.

Results

Demographics. In the period between 1994 and 2022,
overall, 77 patients were diagnosed with AML. Patient
characteristics in specific therapeutic protocols are shown in
Table II. The median age at diagnosis was 10.0 years
(range=0.1-18.2 years). Risk group stratification was
introduced in ANLL 98 protocol. Since then, out of 72
children, 32 (44.4%) have been stratified into a high-risk
group (HR). Relapse occurred in 21 children. Fifteen
children had isolated bone marrow (BM) relapse, two
isolated CNS relapse, two combined BM and CNS relapse,
and two patients had BM and localized relapse (in both cases
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Table I1. Patient characteristics at diagnosis in five acute myeloid leukemia (AML) protocols.

AML NOPHO 88 ANLL 98 AML BFM 2004 AML BFM 2012 AML BFM 2019
Number of patients 7 16 32 14 8
Sex
Male 4 8 16 6 3
Female 3 8 16 8 5
Age (years) median range 79 10.1 11.2 8.0 102
36-138 0.8-164 0.0-19.7 04-17.8 14-17.7
WBC (x103) median range 69.3 449 379 455 311
22-4544 0.4-168.0 1.0-2190 1.1-207.4 0.8-188.2
PLT (x103) median range 59.1 634 654 88.4 920
19-105 5-180 4-341 7-351 12-318
HGB (g/1) median range 85 8.2 85 78 75
70-11.8 44-12.6 4.4-19.1 27-120 27-114
CNS involvement 2 2 6 9 0
Extramedullary organs invol 7 11 24 11 4
FAB types
MO 0 1 3 0 1
Ml 2 4 9 3 2
M2 2 7 11 5 R}
M3 0 2 0 1 1
M4 0 1 5 0 0
M5 2 1 2 4 0
Mé 0 0 1 0 0
M7 0 0 0 1 0
NA 1 0 1 0 0
Risk group
SR NA 11 11 2
IR NA NA NA B 2
HR NA 5 21 6 4

AML NOPHO: Acute myeloid leukemia Nordic Society of Pediatric Hematology and Oncology: AML-BFM: acute myeloid leukemia-Berlin-
Frankfurt-Munster; WBC: white blood cells; PLT: platelet count; HGB-hemoglobin; CNS: central nervous system; FAB: French-American-British;

SR: standard risk; IR: intermediate risk: HR: high risk.

nasopharyngeal mass). High-risk group patients had fourfold
higher risk of relapse (OR=4.35, 95%Cl=1.22-15.44,
p=0.023) compared to other patients, but no higher risk of
death was observed (OR=1.04, 95%CI=0.36-2.99, p=0.934).

Achievement of remission. CR was achieved in 67 patients
(87.0%). Failure to achieve CR after two cycles of induction
chemotherapy was one of the risk factors of death (OR=60.0,
95%Cl1=3.37-1088.9, p=0.005).

Overall survival. Five-year OS was 62.1% for the entire
group. For each protocol, 5-year OS was respectively 55.6%
for AML-NOPHOSS protocol, 68.2% for ANLL98 protocol,
48.0% for BFM AML 2004 protocol, 85.7% for BFM AML
2012 protocol and 100.0% for BFM AML 2019 protocol (3
years of median follow up for BFM AML 2019 protocol).
The results are shown in Figure IA. There were no
statistically ~ significant  differences between groups
(p=0.416). Among 32 patients stratified into the HR group,
S-year OS rate in patients treated with HCT was 76.0%

compared with 57.1% in patients treated without HCT. There
was a significant difference between patients with primary
AML and MDS transformation or other comorbidities in 5-
year OS (65.5% vs. 42.4%, p=0.048). This was mainly due
to the higher rate of death after disease progression in the
second group (10.0% vs. 27.3%).

Event-free survival. Five-year EFS was 51.4% for the entire
group. For each protocol, 5-year EFS was 45.7% for AML-
NOPHOSS protocol, 62.5% for ANLL9S protocol, 28.7% for
BFM AML 2004 protocol, 85.7% for BFM AML 2012
protocol, and 87.5% for BFM AML 2019 protocol. The results
are shown in Figure 1B. The differences were statistically
significant (p=0.007). Among patients in the HR group, 5-year
EFS was 58.0% in those who underwent HCT compared with
16.7% in those treated without HCT (p=0.007).

Relapse-free survival. In patients who relapsed, the average

time to relapse was 245 years (range=0.1-15.3 years).
Incidence of relapse was an independent risk factor of death
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Figure 1. Therapy outcomes for acute myeloid leukemia children treated between 1994-2022, according to 5 consecutive protocols: (A) Overall
survival; (B) Event-free survival; (C) Relapse-free survival; (D) Overall survival of patients treated with chemotherapy+ hematopoietic cell

pl ion (HCT) vs. ch herapy withour HCT.
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(OR=5.66,95%CI=1.48-21.56, p=0.01) (Table III). Five-year
RFS was 62.7% for the entire group. Regarding each protocol,
5-year RFS was 51.4% for AML-NOPHOSS protocol, 68.8%
for ANLL98 protocol, 42.0% for BFM AML 2004 protocol,
85.7% for BFM AML 2012 protocol, and 100.0% for BFM
AML 2019 protocol. The results are shown in Figure 1C. The
differences were also statistically significant (p=0.01). CR2
was achieved in 14 patients (66.7%) and HCT in CR2 was
performed in 13 relapsed patients. Five-year OS in patients
who underwent HCT was 48.9% compared with 25.0% in
children treated without HCT. The difference was of
borderline significance (p=0.078).

Causes of death. In the entire observation period, 27 patients
died (35.0%). Treatment-related mortality (TRM) was the
most frequent cause of death (11 patients, 40.7%), among
which 6 patients died from infections, 2 from treatment
toxicity, 1 from graft versus host disease (GvHD) and 2 from
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Table 111 Independent risk factors of death.

Risk factor OR 95%Cl1 p-Value
Age at diagnosis 097 0.86-1.10 0.79
Sex 1.22 0.24-5.78 0.74
HR 0.71 0.14-3.55 0.67
HCT 0.94 0.17-5.22 0.95
Relapse 5.66 1.48-21.56 0.01

CI: Confidence interval; HR: high risk; HCT: hematopoietic cell
transplantation.

other treatment-related complications. Nine patients died
from disease progression and other 7 from relapse (3 in
second relapse and 4 in third and further relapses). There was
no impact of white blood cells (WBC), platelets (PLT) or
hemoglobin (HGB) levels at diagnosis on the risk of death.
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Discussion

Therapy results in children with AML have improved
significantly over the last 3 decades, mostly due to the
development of cytogenetics and molecular diagnostics, better
supportive care, and introduction of HCT. The progress can be
seen in international and nationwide reports (8). This study
shows the results of a single oncology center experience in
pediatric AML treatment and provides the opportunity to
compare individual center results with international reports.

During the described period, OS improved from 55.6%
between 1994 and 1998 to 87.5% from 2012 to early 2020.
OS in patients treated since January 2020 remains 100.0%.
In this group, observational period is short; however, it is
worth emphasizing that there was no early death in patients
treated by BFM AML 2019 protocol. OS in the majority of
therapeutic protocols was slightly superior in our analysis
compared to international results (55. 6% vs. 46.0% for
AML-NOPHO 88, 68.2% vs. 50.0% for ANLL 98 and 85.7%
vs. 82.0% for BEM AML 2012) (3, 5, 7). The only exception
were the results of BFM AML 2004 protocol (48.0% vs.
74.0%), but also, in the nationwide analysis in Poland, OS
was inferior in comparison to international results (3, 6).
This was mostly due to the high rate of relapse and
treatment-related mortality, including deaths after HCT.
Because HCT accessibility in Poland was limited before
2000, poor OS in 2004-2012 could be the result of the
unsatisfying results of transplantations during the first years
of their performance.

AML is a heterogenous disease and the diagnosis relies
predominantly on the identification of mutations in myeloid
cells. Immunophenotyping and cytogenetics became
available in Poland after 2005, and since then, most patients
have been stratified according to immunophenotype and
characteristic mutations in blast cells, which allows the
adjustment of therapy in some patient group. It is worth
noting, that the biggest progress in childhood AML treatment
has been made in specific subgroups of patients, who
received targeted therapy (AML M3, patients with Down
syndrome). Unfortunately, therapeutic outcomes in some
subgroups remain highly unsatisfying (secondary AML,
patients with FTL3 mutation) (9, 10).

AML remains the most frequent cause of HCT
performance (11). Despite the controversial role of HCT in
first remission in non-HR patients, undoubtedly it has
improved outcomes in this particular group (1, 12). In our
analysis, HCT had relevant impact on therapy results in the
HR group and almost doubled chances of survival in
relapsed patients.

The obvious limitation of the study was its small group
size. Childhood AML is a rare disease with an incidence of
5-8/1,000000, which leads to insufficient patient numbers
treated in separated centers; therefore, international

cooperation is necessary (13). Other limitations include its
retrospective nature and lack of complete data (e.g.,
uniformed genetic diagnosis before 2005) in some patients.
However, the data and therapy results reflect the gradual
progress in the diagnostic and therapeutic capability of
oncology centers in Poland.

In conclusion, despite the fact that therapeutic results in
pediatric patients with AML remain unsatisfying, we can
observe significant progress, especially in some patients with
well-defined mutations in blast cells and targeted therapy.
Further research and international collaborations are needed
to obtain a better understanding of the disease and improve
outcomes.
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Abstract

Therapy results in pediatric Hodgkin lymphoma reflect remarkable progress in pediatric oncology. In the last decade, rel-
evant development of new therapeutic options for children with refractory or relapsed disease has been made. In this study,
we retrospectively analyzed therapy results and risk factors in children treated in a single oncology center according to five
therapeutic protocols. Data from 114 children treated by a single institution between 1997 and 2022 were analyzed. Classic
Hodgkin lymphoma therapy results were divided into four therapeutic periods: 1997-2009, 2009-2014, 2014-2019, and
2019-2022. For nodular lymphocyte-predominant Hodgkin lymphoma, data from one therapeutic protocol was analyzed.
For the entire group, the 5-year probability of overall survival was 93.5%. There were no statistically significant differences
between therapeutic periods. The occurrence of B symptoms at diagnosis and incidence of relapse were risk factors for
death (p=0.018 and p <0.001). Relapse occurred in 5 cases. The 5-year probability of relapse-free survival for the entire
group was 95.2%, without significant differences between groups. Patients treated between 1997 and 2009 had over a sixfold
higher risk for events, defined as primary progression, relapse, death, or incidence of secondary malignancies (OR =6.25,
p=0.086). The 5-year probability of event-free survival for all patients was 91.3%. Five patients died, and the most com-
mon cause of death was relapse. Modern therapeutic protocols in pediatric Hodgkin lymphoma are marked by excellent
outcomes. Patients with disease relapses have a notably high risk of death, and the development of new therapeutic options
for this group remains one of the main goals of current trials.

Keywords Hodgkin lymphoma - Children - Therapeutic era - Survival - Radiotherapy

Introduction therapy have an increased risk of HL [1, 2]. The pathomor-

phological classification divides HL into classical HL with

Hodgkin lymphoma (HL) represents about 5-7% of all malig-
nancies in children, with an incidence of 5:100,000 per year
in children up to 15 years old [1]. The etiology of the disease
is not well understood, but there is growing evidence of an
Epstein-Barr infection in the pathogenesis of HL. Moreover,
patients with immunodeficiencies or on immunosuppressive
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Sklodowskiej-Curie 9, 85-094 Bydgoszcz, Poland

four subtypes (nodular sclerosis, mixed cellularity, lympho-
cyte rich, and lymphocyte depleted) and nodular lymphocyte-
predominant HL (nLPHL) type, which represent about 10%
of all new cases. Treatment of HL consists of chemotherapy
combined with radiotherapy in most cases. During the last
few years, new therapeutic options for children with targeted
agents and immunotherapy have been under investigation in
clinical trials [2-4].

Therapy results in pediatric HL have made remark-
able progress in the treatment of childhood malignancies.
Whereas the 5-year probability of overall survival (pOS)
exceeded 90% over 20 years ago, further efforts have focused
on reducing side effects, especially the late ones [5, 6]. In

@ Springer



2110

Annals of Hematology (2023) 102:2109-2117

1997, the Polish Pediatric Leukemia and Lymphoma Study
Group introduced the first unitized therapy protocol for
newly diagnosed children with HL in Poland. The aim of
the protocol was not only to improve therapy results but
also to minimize long-term complications [7]. Since 2007,
pediatric oncology centers in Poland have been part of the
international EuroNet-PHL trials that have focused on ther-
apy individualization according to risk group stratification
and treatment response [8].

In this study, we analyzed therapy outcomes in children
with HL treated in a single oncology center in Poland over
a period of 25 years.

Materials and methods
Design of the study

Retrospective analysis of therapy results and risk factors in
children treated for HL in a single oncology center according
to different therapy protocols.

Patients

In the study, data from children aged 3.5-20.8 years,
treated by the Department of Pediatrics, Hematology
and Oncology in Bydgoszcz during 1997-2022, were
analyzed. The inclusion criteria involved children with
a confirmed diagnosis of HL, both classical HL (nodular
sclerosis, mixed cellularity, lymphocyte rich, and lympho-
cyte depletion subtypes) as well as nLPHL. Patients with
incomplete data, as well as patients treated according to the
EuroNet-PHL-C2 clinical trial (ClinicalTrials.gov identi-
fier: NCT02797717), were excluded, as the results of that
study have not been published yet.

Diagnosis

The diagnosis of HL was established according to pathol-
ogy results. A detailed medical interview focusing on the B
symptoms (unexplained fever, weight loss, and night sweats)
was performed in each case. Complete blood count, lactate
dehydrogenase (LDH) level, erythrocyte sedimentation rate
(ESR), ultrasonography (USG) of the lymph nodes, liver,
and spleen, and echocardiography (ECG) were performed
in all cases. Bone marrow trephine biopsy was performed
up to 2009. All patients also had computer tomography (CT)
scans performed on the neck, chest, abdomen, and pelvis.
Since 2009, whole-body positron emission tomography-CT
(PET-CT) scans were performed.

Lymph nodes were considered involved in cases of
enlargement above 2 cm between 1997 and 2009. Starting
in 2009, all patients had a whole body PET-CT scan, and

@_ Springer

lymph nodes were defined as involved in cases with a diam-
eter of 1-2 cm with a positive PET-CT or a diameter exceed-
ing 2 cm independent of PET-CT results.

The lymph regions involved were scored based on the
Ann Arbor classification in Cotswold modification [9].

Bulk was defined as present if the volume of the largest
contiguous lymph node mass was > 200 mL. Spleen involve-
ment occurred when the spleen was PET-CT positive or
multiple small focal changes were detected on USG. Lung
involvement was diagnosed in cases of 2 or more lesions
with a diameter of 2-10 mm or at least one lesion> 10 mm
in diameter. Liver involvement was defined as PET-CT posi-
tive changes or a minimum of one focal change detected
with other imaging methods. Bone marrow involvement was
defined as the presence of lymphoma cells in one marrow
biopsy before 2009 and more than two PET-CT positive
bone lesions after 2009. Bone involvement was detected
based on CT scans of the bones. Extra-lymphatic structures
or organs infiltrated per continuum were termed E-lesions.

Between 1997 and 2009, the total volume of involved
lymph nodes was calculated, followed by the formula that
lymph nodes of a diameter below 2 cm were equal to 1 unit,
between 2 and 5 cm — 2 units, and above 5 cm — 3 units. In
cases of mediastinal involvement, if the largest diameter of
lymphoma mass was lower than 1/4 diameter of the chest, it
was equal to 1 unit, 1/4—1/3 of the chest was equal to 2 units,
and more than 1/3 of the chest — 3 units. In cases of bilat-
eral mediastinal involvement, the unit numbers doubled [7].

Therapy protocols and risk group stratification

Children have been treated according to consecutive thera-
peutic protocols: PGP-HD-97 from January 1997 to June
2009 [7]; EuroNet-PHL-C1 from July 2009 to February
2014 [8]; EuroNet-PHL-Interim Phase from March 2014 to
September 2019, and EuroNet-PHL-C2 from October 2019
[10]. Patients diagnosed with nLPHL were treated accord-
ing to the Euro-Net-PHL-LP1 protocol (ClinicalTrials.gov
identifier: NCT01088750).

Protocol schemes are shown in Fig. 1.

During the PGP-HD-97 therapeutic period, patients were
stratified into 4 risk groups, according to lymph node regions
involved and the presence of B symptoms, defined as below:

— Group 1 — Stages IA and IB (with the exception of the
lymphocyte depletion subtype).

— Group 2 — Stage IIA in children < 10 years old and a
total lymph node mass below 8 units.

— Group 3 — Stage IIA in children > 10 years old and total
lymph node mass 8 units and above or stages IIB and
IITA (both with the exception of the lymphocyte deple-
tion subtype).
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Fig. 1 Schemas of four consecutive protocols analyzed in the study. a
PGP-HD-97 protocol; b EuroNet-PHL-C1 protocol; ¢ EuroNet-PHL-
Interim protocol; d Euro-Net-PHL-LPI protocol; TG 1 — therapeutic
group 1; TG 2 — therapeutic group 2; TG 3 — therapeutic group 3;
TG 4 — therapeutic group 4; B-DOPA — bleomycin, dacarbazine,
vincristine, doxorubicin, prednisone; MVPP — nitrogranulogen, vin-
blastine, procarbazine, prednisone; RT — radiotherapy; OEPA —

— Group 4 — Stages I1IB and IV, and all stages of lymphocyte
depletion subtype.

According to EuroNet-PHL-C1, EuroNet-PHL-interim
phase, and EuroNet-PHL-C2 patients were stratified into 3
therapeutic groups (TG):

— TG1 — Stages IA and IIA without risk factors defined as
ESR > 30, missing ESR, or occurrence of bulk.

— TG2 — Stages IA and ITA with at least one risk factor or
stage IIB and IITA without E-lesions.

— TG3 — Stages I1B and ITIA with E-lesions, or stages I1IB
or IV.

Euro-Net-PHL-LP1 was dedicated to children with
nLPHL in stages IA and IIA, and it did not define specific
therapeutic groups. The protocol offered two paths of treat-
ment, one for stage IA and a second one for stage I1A.

vincristine, etoposide, prednisone, doxorubicin; AR — adequate
response; IR — inadequate response; ERA — early response assess-
ment; COPP — cyclophosphamide, vincristine, procarbazine, pred-
nisone; COPDAC — cyclophosphamide, vincristine, prednisone,
dacarbazine; DECOPDAC — dacarbazine, etoposide, doxorubicin,
cyclophosphamide, vincristine, prednisone; B — B symptoms, E —
E-lesions; CVP — cyclophosphamide, vinblastine, prednisone

Response criteria

Response to initial therapy was evaluated after 3 cycles of
chemotherapy during the PGP-HD-97 protocol and was
defined as adequate in cases of at least 70% reduction of the
primary lymphoma mass on CT.

In EuroNet PHL-C1, EuroNet-PHL-Interim Phase, and
EuroNet PHL-C2 trials, the response was evaluated after 2
cycles of chemotherapy using CT or MRI and fluorodeoxy-
glucose (FDG)-PET scan results. The response was defined
as adequate, if the response assessment PET was negative
or the residual tumor volume was less than or equal to 5%
of the reference volume and less than or equal to 2 ml, or all
disease symptoms disappeared and the response assessment
PET was unclear.

During Euro-Net-PHL-LPI, the response was assessed
after 3 cycles of chemotherapy in stage IIA or just after
initial surgery in stage IA according to CT or MRI and
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FDG-PET scan results. Complete remission was defined as
the disappearance of all disease symptoms, non-measurable
tumor volumes in all initially involved regions, and negative
results on the response assessment PET scans.

Definitions

Progression was defined as the recurrence or occurrence of
new disease symptoms which could not be explained other-
wise, the occurrence of new lymphatic or extra-lymphatic
lesions, or at least one initially involved extra-nodal site or
region with non-measurable tumor volume was locally pro-
gressive during therapy or within 3 months after the end of
therapy. Relapse was defined as the occurrence of new lym-
phatic or extra-lymphatic lesions or if at least one initially
involved an extra-nodal site or involved a region with a non-
measurable tumor volume that progressed 3 months after the
end of therapy or further. An event was defined as primary
progression, relapse, death of any causes, or incidence of
secondary malignancies. Overall survival was defined as the
time from HL diagnosis until death of any cause or end of
follow-up. Relapse-free survival (RFS) was defined as the
time from HL diagnosis until a relapse occurred. Event-free
survival (EFS) was defined as the time from diagnosis to
event occurrence.

Statistical analysis

The endpoints of the study included a 5-year pOS, a 5-year
probability of EFS (pEFS), and a 5-year probability of RFS
(pRES). Survival curves of pOS, pEFS, and pRFS were
calculated using the Kaplan-Meier method and compared
by log-rank tests. All clinical, laboratory, and imaging data
were analyzed in terms of their impact on outcomes. Uni-
variate analysis was used to assess prognostic factors. The
significant factors from univariate analysis were used in the
multivariate regression model. Data were considered statisti-
cally significant when the p value was <0.05. All calcula-
tions were performed using the statistical software MedCalc
20.100 (MedCalc Software, Mariakerke, Belgium). The
study was approved (KB 577/2021) by the Ethics Commit-
tee of Collegium Medicum, Nicolas Copernicus University,
Bydgoszcz.

Results

A total of 123 patients were treated for HL between April
1997 and March 2022. Five patients were excluded because
of insufficient or missing data and another four were
excluded because they were part of the EuroNet-PHL-C2
clinical trial. Data from 114 children were analyzed. Fifty-
four of them (47.4%) were male and 60 (52.6%) were female

a Springer

(M/F 1:1.1). The mean age at diagnosis was 14.1 years
and the median age was 15.3 years. Over 90% of patients
had more than 10 years at diagnosis. The most common
manifestation of the disease was a mediastinal mass (89
patients, 78.1%), followed by cervical lymphadenopathy (87
patients, 76.3%) and supraclavicular lymph node enlarge-
ment (84 patients, 73.7%). All three sites were involved in
over half of the cases (n=61, 53.4%). B symptoms occurred
in 52 children (45.6%). E-lesions were observed in 7 cases
(6.1%), bulky disease in 24 (21.1%), 18 patients (15.8%)
had lung involvement, and another 12 (10.5%) had skeletal
involvement.

One hundred and eleven patients were diagnosed with
classical HL and three (2.6%) with nLPHL. In the group
of classical HL, the most frequent histological subtype was
nodular sclerosis (n =69, 62.1%), followed by mixed cel-
lularity (n=18, 16.2%). Two patients had the nodular pre-
dominant subtype and another two lymphocyte rich (1.8% in
each case). The characteristics of patients from consecutive
therapeutic protocols are shown in Table 1.

Therapy results

Adequate response after initial therapy was observed in
62.9% of patients and for the consecutive protocols a total of
67.7% for PGP-HD-97, 53.3% for EuroNet-PHL-C1, 48.1%
for EuroNet-PHL-Interim, and 60.0% for EuroNet-PHL-C2.
Patients with inadequate responses to initial therapy had
almost a fivefold higher risk of death, but the differences
were not statistically significant (OR =4.68, 95% CI 0.50 to
43.12, p=0.172). Fifty-eight patients (50.8%) were treated
with radiotherapy.

The 5-year pOS for the entire group was 93.5%. For
each protocol, the 5-year pOS was 87.0% for PGP-HD-97,
100.0% for EuroNet-PHL-C1, 96.3% for EuroNet-PHL-
Interim, 100.0% for EuroNet-PHL-C2, and 100.0% for Euro-
Net-PHL-LP1. The results are shown in Fig. 2. The differ-
ences between protocols were not statistically significant
(p=0.602). Risk factors related to poor outcomes was the
occurrence of B symptoms (5-year pOS 86.5% vs. 93.5%,
p=0.018). Patients treated according to PGP-HD-97 had
an 1 1-fold higher risk of death compared to the others (OR
11.18, 95% C1 0.62-200.31, p=0.080). Outcomes for the
consecutive therapeutic protocols are shown in Table 2.

Relapse occurred in 5 cases with a median time to
relapse of 0.86 years. In five patients with relapse, second-
line therapy consisted of chemotherapy with autologous
hematopoietic cell transplantation (auto-HCT) in two
patients, chemotherapy only in one patient, and chemo-
therapy and radiotherapy in one patient. One patient was
treated according to the EuroNet-PHL-C2 protocol after a
2020 relapse due to early therapy termination because of
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Table 1 The characteristics of patients from consecutive therapeutic protocols

PGP-HD-97 EuroNet-PHL-C1 EuroNet-PHL- EuroNet-PHL-C2 Euro-Net-PHL-LP1
Interim Phase

Number of patients 51 17 27 14 3
Gender

Male 25 8 10 5 3

Female 26 9 17 9 0
Age (years) mean 14.1 144 13.7 14.2 12.6
range 4.1-18.8 3.9-20.8 3.5-17.7 5.7-18.2 6.8-15.7
WBC (x 10°3) mean 10.2 115 10.5 112 87
range 2.4-33.0 6.5-21.7 4.2-18.8 4.9-27.1 74-9.8
PLT (x 10"3) mean 377 349 354 424 304
range 153-972 67-646 178-541 163-792 222-366
HGB (g/1) mean 11.8 11.9 1.8 117 139
range 8.7-16.3 8.8-16.0 8.2-14.1 7.6-15.3 13.2-14.9
ESR mean 49 38 46 46 9
range 2-135 1-83 11-140 4-105 2-16
B symptoms

Fever 7 3 8 3 0

Weight loss 17 7 3 4 0

Night sweats 10 4 10 3 0
Lymph nodes regions involve- 4 5 3 5 2

ment — median range 1-9 2-7 1-9 2-7 1-2

Liver involvement 6 2 2 2 0

Spleen involvement 11 2 9 4 0

Skeletal involvement 3 3 5 3 0

Lung involvement 5 4 5 5 0

Bulky disease 5 2 9 3 0

E-lesions 1 6 7 0 0
Stage at diagnosis

| 3 0 0 0 1

11 26 10 11 6 2

1 12 1 8 2 0

v 10 6 8 6 0

WBC White blood cells, PLT platelet count, HGB hemoglobin

treatment toxicity. In this case, the first chemotherapy cycle
was complicated with Clostridium perfringens sepsis that
required treatment in the intensive care department. After
he recovered from sepsis, the treatment was continued, but
after a few days, he presented severe bleeding from the gas-
trointestinal tract, which was complicated by sudden cardiac
arrest with successful resuscitation. Because of the severe
adverse effects of chemotherapy, he was switched to second-
line therapy with brentuximab vedotin (BV) in combination
with nivolumab. He is still completing therapy with good
clinical and radiological responses. Three patients died after
relapse. The 5-year pRFS for the entire group was 95.2%.
For each protocol, the 5-year pRFS was 92.1% for PGP-
HD-97, 100.0% for EuroNet-PHL-C1, 100.0% for EuroNet-
PHL-Interim, 87.5% for EuroNet-PHL-C2, and 100.0% for
Euro-Net-PHL-LP1. The results are shown in Fig. 3. There

were no statistically significant differences between proto-
cols and risk groups (p =0.277, p=0.763). Platelets count
above 450 x 1079/L at diagnosis was an independent risk
factor for relapse (p=0.013). The incidence of relapse was
the most important risk factor for death (p <0.001).

The 5-year pEFS for all patients was 91.3%. For each pro-
tocol, the S-year pEFS was 88.2% for PGP-HD-97, 94.4% for
EuroNet-PHL-C1, 96.3% for EuroNet-PHL-Interim, 87.5%
for EuroNet-PHL-C2, and 100.0% for Euro-Net-PHL-LPI,
without statistically significant differences between proto-
cols (p=0.721). The results are shown in Fig. 4. There were
no differences in event occurrences between risk groups
(p=0.907). However, therapy with the PGP-HD-97 protocol
was related to considerably poorer outcomes with an over
sixfold higher risk of events (OR=6.25, 95% CI 0.76-50.84,
p=0.086). Primary progression occurred in two patients,
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Fig.2 Five-year pOS for children treated because of HL between
1997 and 2022 according to 5 consecutive protocols

and both of them were successfully treated with second-line
therapy (chemotherapy only in one case, chemotherapy with
auto-HCT in the other). Secondary malignancy occurred in
one girl treated primarily with chemotherapy and radiother-
apy, who was diagnosed with acute myelocytic leukemia
0.6 years after she had finished HL treatment.

Death

During the entire analysis period, 5 patients died. The
mean time from diagnosis to death was 1.54 years (median
1.57 years, range 0.22 to 2.97 years). Two patients died of
relapse and one of a secondary malignancy. Among patients
who died of a relapse, the second-line therapy differed sig-
nificantly: the first patient was treated with etoposide, ifos-
famide, and prednisone (IEP) and vindesine, lomustine, and

melphalan (CAD) chemotherapy combined with radiother-
apy and the second one with IEP and ifosfamide, vinorel-
bine, gemcitabine, and prednisone (IGEV) chemotherapy
followed by auto-HCT, and the third one with IEP and doxo-
rubicin, bleomycin, vinblastine, and dacarbazine (ABVD)
chemotherapy followed by auto-HCT. There was also one
case of treatment-related mortality because of an infection
during chemotherapy. The most important risk factor for
death was the incidence of relapse (p <0.001).

Discussion

During the last 30 years, treatment results in pediatric HL
have improved significantly [1]. Despite great progress in
cure rates, side effects of therapy remain a relevant prob-
lem. Long-term observations have proved patients treated
in childhood for HL are at risk of long-term complications,
including gonadotoxicity, cardiovascular complications, thy-
roid dysfunctions, and secondary malignancies [11]. One
of the milestones of the current therapeutic approach is to
reduce radiotherapy in patients who can be treated satisfac-
torily with chemotherapy alone.

In Poland, the PGP-HD-97 protocol was the first proto-
col to omit radiotherapy in specific groups of patients [7].
The aim of radiotherapy exclusion was to protect children
from the late side effects, especially cardiotoxicity, as well
as thyroid and lung damage [7]. In a nationwide analysis,
the 5-year pOS, pEFS, and pRFS were 92%, 96%, and
97%, respectively [7]. Results from our center were slightly
inferior to the national rates, mostly due to a high rate of
death due to relapse, progression, and treatment-related
toxicities. Although there were no statistically significant
differences in the outcomes between individual protocols,
patients treated according to the PGP-HD-97 protocol had a
higher risk of events compared to patients treated according
to the EuroNet-PHL trials. Moreover, the number of patients
with late therapy complications remained high, despite the
decreased number of children who received radiotherapy
during treatment [12].

Table2 Outcomes of five

3 1 Outcome PGP-HD-97 EuroNet- EuroNet-PHL-  EuroNet- Euro-Net-
consecutive therapeutic PHL-C1  interimphase ~ PHL-C2  PHL-LPI
protocols in the analyzed group

Primary progression 1 1 0 0 0
Relapse 4 0 0 1 0
Secondary malignancy 1 0 0 0 0
Death 4 0 1 0 0
Reason of death

Relapse 3 0 0 0 0

Treatment-related mortality 0 0 1 0

Secondary malignancy 1 0 0 0 0
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Encouraging results from the Multicenter Trial GPOH-
HD 95 and GPOH-HD-2002 Study resulted in the multi-
national EuroNet-PHL-C1 randomized trial [8, 13, 14].
This study started in January 2007 and was introduced in
our department in July 2009. The treatment was based on
response-adapted therapy, measured with PET with radio-
therapy omission in patients who had an adequate response

to the induction. The second objective of the trial was to
replace procarbazine with dacarbazine during consolida-
tion to reduce gonadotoxicity. Results of the EuroNet-PHL-
C1 protocol in the analyzed group were excellent, with a
5-year pOS of 100.0% and a 5-year pEFS of 96.3%. During
this therapeutic period, there was only one case of primary
progressive disease, successfully treated with second-line
therapy. The followed therapeutic EuroNet protocols have
shown similar satisfying results in our cohort.

In adult patients, the role of FDG-PET in the response
assessment is well established [15]. It has also been proved
that the use of FDG-PET in an initial evaluation and
response assessment has better specificity than CT alone
for baseline measurements and relapse predictions [16].
The introduction of PET-based response-adapted therapy in
children can help in the identification of patients with inad-
equate responses to initial therapy, who may benefit from
additional cycles of chemotherapy or radiotherapy. It can
also identify patients with a good initial response and low
risk of relapse, who can be treated without radiotherapy and
avoid potentially life-limiting late effects [8].

The stage at diagnosis is an important prognostic factor
in HL. It was used for stratification in the EuroNet trials as
well as the previous HD-97 therapeutic protocol. Addition-
ally, in EuroNet protocols, the occurrence of B symptoms,
ESR equal to or above 30 mm/h, and bulky disease were
considered risk factors and stratified patients into a higher
risk group [8]. In our analysis, the occurrence of B symp-
toms was related to a significantly lower pOS, despite being
used in therapeutic group stratification. Platelet counts above
450 % 1073/ul at diagnosis were another risk factor related
to relapse. Similar observations were published by other
authors [17].

The incidence of relapse was the strongest risk factor for
death. Because of the long period of analysis, the therapy for
relapsed disease differed widely between individual patients.
From the year 2002, auto-HCT became available for relapse
treatment in our patients. Although auto-HCT is the stand-
ard treatment for relapsed adult patients, there is a lack of
randomized trials in children that proves the superiority
of high-dose chemotherapy (HDC) with auto-HCT versus
standard-dose chemotherapy (SDC) [18, 19]. Furthermore,
the evidence for a survival benefit in children treated with
HDC with auto-HCT is limited [19-21]. According to the
EuroNet Pediatric Hodgkin Lymphoma Group’s recommen-
dations, HDC with auto-HCT should be limited to standard
and high-risk groups, while children in the low-risk group at
relapse should be treated with SDC and radiotherapy [19].
Targeted agents and immunotherapy play an emerging role in
relapse treatment, but their place in the treatment of relapsed/
refractory HL in the pediatric population is not well specified
[4, 18, 19, 22]. In our analysis, one patient was treated with
BV combined with nivolumab, as his parents did not consent
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to chemotherapy and auto-HCT for second-line treatment. He
had a complete metabolic response after 4 cycles of BV and
nivolumab infusions. Although the results from trials with BV
and nivolumab as second-line therapy in adults are promis-
ing, we need more information about its efficacy in children
[3, 23].nLPHL represents a small subset of all HL cases in
children [2]. Children with nLPHL are usually diagnosed in
the early stages of the disease (IA or ITA) and have excellent
outcomes with a pOS of approximately 100% [24]. Because
of the indolent character of nLPHL, the therapeutic approach
differs from the one used in classical HL. First-line therapy for
patients with stage IA is surgery only, with further observa-
tion for patients with complete resection [2, 24]. According
to the Euro-Net-PHL-LP1 protocol, 3 cycles of chemotherapy
with cyclophosphamide, vincristine, and prednisone (CVP)
is recommended for patients with stage ITA. In the analyzed
group, there were 3 cases of nLPHL, two with stage ITA, and
one with stage IA. All of them were treated with CVP chemo-
therapy (the patient with stage IA was because of incomplete
initial resection), with a 5-year pOS, pEFS, and pRFS of
100%. These results were superior to the national analysis
of the Polish Pediatric Leukemia/Lymphoma Study Group,
where patients with TA and TTA stages were characterized with
a 5-year pOS of 100% and a 5-year pRFS of 86.7% [25]. The
prognosis for patients with stages 11l and IV is considerably
worse than for the early stages of nLPHL, with particular con-
cern for transformation to an aggressive, diffuse large B cell
lymphoma [2].

An obvious limitation of our study is a very heterogeneous
group of patients who were treated during a period of over
20 years. Due to the retrospective design, the long period of
time considered during which the therapeutic protocols for
pediatric HL evolved, the evaluation of disease extension at
diagnosis was made in different manners, and the evaluation
of response was made with different timing, methods, and
criteria. Despite the effect of different therapeutic protocols,
progress in supportive care as well as the development of new
diagnostic tools has undoubtedly significantly impacted the
outcomes. However, there were a relatively large number of
cases, and despite the long period of analysis, most of the
important information about clinical, laboratory, and radio-
logical results were available. A large multicenter analysis is
needed for further conclusions. We ecagerly await the results
of the EuroNet-PHL-C2 clinical trial.

Conclusion

In conclusion, progress in the treatment of childhood HL
is visible in both international as well as single-institution
analyses. Despite some obvious limitations of our study, our
analysis shows that modern therapeutic protocols are marked
by excellent outcomes. Currently, the greatest emphasis is

&) Springer

put on toxicity reduction, with radiotherapy omission as one
of the core goals of new trials. Furthermore, targeted therapy
and immunotherapy remain emerging therapeutic options,
especially for children with relapsed or progressive disease
as a group with unfavorable prognosis. Further investigation
with multicenter studies is needed to confirm the initially
satisfying results.
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Abstract. Background/Aim: Non-B non-Hodgkin lymphomas
(NHL) represent over 30 TINK lymphoma types. The majority
of them are T-cell lymphoblastic lymph s (TLL) and
anaplastic large cell lymphomas (ALCL). Other rare non-B
NHLs represent a diverse group of neoplasms, usually
excluded from clinical trials. This study analyzed outcomes
in pediatric patients with non-B NHL in a single oncology
center with particular emphasis on patients with rare NHLs.
Patients and Methods: We retrospectively analyzed data from
patients <18 years with newly diagnosed non-B NHL treated
at the Department of Pediatric Hematology and Oncology in
Bydgoszcz between 2002 and 2022. The probability of 5-year
overall survival (pOS) and evenl-free survival (pEFS) were
calculated for the entire cohort and patients with TLL and
ALCL. The clinical course for patients with rare non-B NHL
was described in detail. Results: Twenty-six children were
eligible for analysis. Fourteen patients were diagnosed with
ALCL, nine with TLL, and three with rare NHL types
(subcutaneous panniculitis-like T-cell lymphoma, extranodal
NK/T-cell lymphoma and hydroa vacciniforme-like lympho-
proliferative disease associated lymphoma). For the entire
group, the 5-year pOS was 83.7% and the 5-year pEFS was
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724%. For TLL and ALCL, the outcomes were comparable
with those achieved in clinical trials. Patients with rare
NHL were treated according to individualized therapy
recommendations based on physicians’ expertise and
available case report descriptions. Conclusion: There is a
lack of knowledge on optimal therapeutic strategies for rare
NHLs. It is crucial to create trials dedicated to uncommon
NHLs and establish therapy guidelines for these patients.

Non-Hodgkin lymphomas (NIIL) represent a heterogeneous
group of lymphoid malignancies. According to the fifth edition
of the World Health Organization Classification, non-B NHL
comprises over 30 T/NK lymphoid proliferation and lymphoma
types, many with subtypes (1). However, in the pediatric
population, approximately 90% of patients with non-B NHL
are diagnosed with I-cell lymphoblastic lymphomas (T1.1.) and
anaplastic large cell lymphomas (ALCL) (2, 3). The remaining
10% represent a diverse group of neoplasms with very low
incidences, characterized by limited understanding of their
pathogenesis and biology. This has resulted in a lack of
standardized diagnostic and therapeutic approaches, as well as
insufficient knowledge of long-term outcomes (4, 5).

In the Children's Oncology Group's (COG) 2023 rescarch
blueprint, the primary goal of the COG Committee was to
provide optimal cures for all children with NHL (6).
Currently, for rare peripheral T-cell NHL, the 5-year event-
free survival (EFS) ranges from 47+7% to 61+11% and the
S-year overall survival (OS) ranges from 56+7% to 65+11%
(7, 8). Prioritics in NHL therapy include developing clinical
trials for rare NHL types and expanding studies on their
biology to facilitate targeted and personalized therapies (5,
6, 9). Although further studies are necessary, adhering to
specific clinical protocols can be challenging, particularly for
oncology centers with limited funding or those located in
developing countries.

In this study we retrospectively analyze oulcomes in
pediatric patients diagnosed with non-B NHL in a single
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oncology center with particular emphasis on the challenges
and opportunities, that pediatric oncologists face in therapy
of children with rare tumors.

Patients and Methods

Design of the study. In this study, we retrospectively analyzed
outcomes for pediatric non-B NHL patients, who received treatment
at a single oncology center in Poland between 2002 and 2022, with
particular emphasis on patients with rare types of lymphomas. The
study was approved by Ethics Committee of Collegium Medicum,
Nicolas Copernicus University, Bydgoszcz (KB 577/2021).

Patients. The medical records of patients diagnosed with non-B
NIIL at the Department of Pediatric Iematology and Oncology in
Bydgoszcz were analyzed. Patients <18 years with newly diagnosed
non-B NHL were eligible for the study. Children with missing or
incomplete data were excluded from the analysis.

Diagnosis. The diagnosis was established on the basis of
histological analysis from a tissue sample and confirmed by the
national reference laboratory. Staging workup included medical
interview information, laboratory test results (complete blood count,
lactate dehydrogenase (LDH) activity, cerebrospinal fluid (CSF)
analysis) and imaging test results (ultrasonography of the abdomen
and peripheral lymph nodes, computed tomography (CT) of the
neck, thorax, abdomen and pelvis).

Definitions. Progression was defined as reappearance or increase in
size of residual lesions or appearance of new manifestations during
treatment or up to three months after completion of the treatment.
Relapse was defined as reappearance or appearance of new
manifestations more than three months after therapy completion.
Bone marrow progression/relapse was diagnosed in case of >25%
lymphoma cells in the bone marrow. Central nervous system (CNS)
progression/relapse was diagnosed, if lymphoma cells were present
in the CNS with a cell count of 25/ul or in case of appearance of
an intra-cerebral tumor. The diagnosis of relapse and progression
were proved by biopsy and histology.

An event was defined as death due to any cause, progression,
relapse, or secondary malignancy. Overall survival was calculated
as the time in years from the first day of treatment to death of any
cause or last follow-up contact for alive patients. Event free survival
was calculated as the time in years from the first day of treatment
to the event.

Statistical analysis and language corrections. The probability of OS
(pOS) and the probability of EFS (pEFS) were calculated using the
Kaplan-Meier method and compared using the log-rank test. Statistical
calculations were performed using MedCale 20.100 software (MedCale
Software, Mariakerke, Belgium). The language was corrected using the
TRINKA grammar checker on the www.trinka.ai website.

Results

Demographics. During the analyzed period, 32 pediatric
patients were treated for non-B NHL. Six children were
excluded from the analysis because of incomplete or missing
data. The median age at diagnosis was 11.0 years (range=1.3-

Table 1. Patients characteristics at diagnosis.

Whole group ALCL TLL
Number of patients 26 9 14
Sex
Male 15 5 8
Female 11 4 6
Age (years), median 114 110 10.6
Range 13-176 8.3-17.6 13-16.7
WBC (1,000/ul), median 6.67 595 6.67
Range 203-21.75 3.80-12.91 2.40-21.75
HGB (g/dl) median 118 105 121
Range 65-153 99-153 9.8-13.6
PLT (1,000/ul), median 297 342 266
Range 3-781 3-721 86-781
LDH (IUN), median 325 270 325
Range 155-3,313 155-1,013 171-3313
B symptoms
Fever 4 2 2
‘Weight loss 2 1 1
Night sweats 3 2 1
Primary sites involvement
Lymph nodes 24 9 4
Mediastinal 17 5 12
Lung 2 1 1
Skin 3 1 0
Skeletal 2 1 1
BM 4 1 3
CNS 0 0 0

WBC: White blood cells; HGB: hemoglobin; PLT: platelets; LDH:
lactate dehydrogenase; BM: bone marrow; CNS: central nervous
system; TLL: T-cell lymphoblastic lymph ALCL: anaplastic large
cell lymphoma.

17.8 years). One patient was diagnosed with immunodeficiency
before NHI. diagnosis, and none was diagnosed with cancer
predisposition syndrome. Patient characteristic is shown in
Table I.

Diagnosis and therapy. In the analyzed cohort, the following
histological types were diagnosed: TLL (n=14), ALCL (n=9),
subcutaneous panniculitis-like T-cell lymphoma (SPTCL)
(n=1), extranodal NK/T-cell lymphoma (ENKL) (n=1), and
hydroa vacciniforme-like lymphoproliferative  disease
associated lymphoma (HV-LPDL) (n=1).

Patients treated for TLL and ALCL received therapy
according to standardized therapy protocols. Thirteen
patients diagnosed with TLL were treated according to the
EURO-LBO02 protocol and one with the LBL 2018 protocol
(10). All patients diagnosed with ALCL were treated
according to the ALCL99 protocol (11). Among the analyzed
group three patients were diagnosed with rare types of NHL
(SPTCL, ENKL and HV-LPDL).

A girl diagnosed with SPTCL was treated with six cycles of
CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone)
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chemotherapy. She presented with laboratory and clinical
symptoms of hemophagocytic lymphohistiocytosis at diagnosis,
which resolved after the first treatment course. She presented
also a significant decrease of subcutancous lymphoma lesions
after the two first cycles of chemotherapy and a complete
remission after the fourth cycle. She received two additional
consolidation cycles of CHOP regimens and has remained free
of disease during the 16-year follow-up.

A boy diagnosed with ENKL presented with lymphoma
lesions in the nasal structures, skin of the cheeks, and upper
lip at diagnosis. He underwent four cycles of CHOP therapy,
resulting in a significant reduction in tumor lesions. The boy
did not agree to local radiotherapy as a consolidation
therapy; therefore, he received bexarotene as a maintenance
therapy. After the completion of maintenance treatment,
magnetic resonance imaging (MRI) results showed
enhancement at the primary involved sites. He received an
additional three cycles of CHOP chemotherapy, achieving
complete remission as confirmed by positron emission
tomography scan results. However, 12 months post-therapy
completion, he was diagnosed with relapse and died nine
months later due to disease progression.

A case of a boy with common variable immunodeficiency
complicated by systemic lymphoma, developed from hydroa
vacciniforme-like lymphoproliferative disorder was described
previously (12). In this case, systemic chemotherapy combined
with antiviral drugs was unsuccessful. Finally, he received
treatment with third-party donor Epstein Barr virus-specific
cytotoxic T-cells (tabelecleucel), followed by allogenic

(TLL) and anapl

ic large cell lymphoma (ALCL); B) The 5-year probability of

hematopoietic stem cell transplantation (HSCT). He remains in
lymphoma remission up to the date of the article publication.

QOutcomes. For the entire group, the S-year pOS was 83.7%
and the 5-year pEFS was 72.4%. For TLL and ALCL, the 5-
year pOS and pEFS were comparable to those achieved in
clinical trials (Figure 1) (10, 11).

Three patients presented with progression during the
frontline therapy. Among them one was diagnosed with ALCL
and two with TLL. The patient with progressed ALCL was
successfully treated with a second cycle of induction therapy
according to the ALCL99 protocol. Two patients with
progressed TLL were treated with salvage chemotherapy, but
both subsequently died due to disease progression.

Three patients were diagnosed with relapse. The patient with
relapsed ENKL was described above. Another two patients with
relapsed disease were primarily diagnosed with ALCL. Both
presented with relapse in peripheral lymph nodes within the first
year after completion of frontline therapy. The first patient,
diagnosed in 2005, received salvage chemotherapy. However,
the treatment was unsuccessful, and he died from discase
progression. The second patient with relapsed ALCL, treated in
2020, received salvage chemotherapy combined with an anti-
CD30 antibody-drug conjugate brentuximab vedotin (BV),
followed by allogenic hematopoietic stem cell transplantation
(allo-HSCT). He has remained free of disease up to the date of
the article publication. Five patients died, and the most common
reason for death was disease progression (n=4, 80.0%). One
patient died because of treatment toxicity (infection).
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Discussion

This study is a comprchensive, single-center analysis of
therapeutic outcomes in pediatric patients with non-B-cell
non-Hodgkin lymphomas. Although the analysis includes
relatively small number of patients, it reflects the challenges
in the treatment of children with non-B NHL. According to
the Polish Central Statistical Office’s annual report from 2021,
there are approximately 1100 new cases of pediatric cancer
diagnosed in Poland each year (13). Non-Hodgkin lymphomas
represent 7% of them, with an annual incidence 0.9 per
100,000 children, what makes the whole group of NIHL an
ultrarare disease (13, 14). In our department, over a period of
20 years, only 32 patients were diagnosed with non-B NHL,
which gives a number of little higher than 1.5 patient per year
in a region inhabited by 2.09 million people (15).

TLL and ALCL constitute the vast majority of pediatric non-
B NHL cases (2, 3). Despite extensive research on prognostic
factors in TLL, only disease stage has proven to be applicable
in risk group stratification. There is also a lack of new drugs
or other therapeutic options for pediatric patients with TLL
(16). The opposite situation is observed in the therapy of
ALCL, with multiple therapeutic options emerging in recent
years. Although the 5-year OS in pediatric patients with ALCL
has rcached over 90%, the S-year EFS remains at an
unacceptable level of 70%, despite several modifications in
frontline treatment (17). Recent advances in understanding
ALCL biology resulted in the introduction of BV to standard
chemotherapy, primarily in refractory or relapsed ALCL, and
subsequently as a part of frontline therapy (18-20). Another
therapeutic option for patients with relapsed or refractory ALK-
positive ALCL are ALK inhibitors. Although their role in
children's therapy is still under investigation, they show
promising results in adult patients, particularly in refractory
ALCL (17, 20). In relapsed disease, allo-HSCT remains the
treatment of choice (21, 22). However, the high incidence of
treatment related mortality raises questions about the potential
role of alternative treatments (21).

As TLL and ALCL represent the majority of pediatric non-
B NHL cases, it is not surprising that most efforts are directed
toward the therapy development for these patients (2, 16, 18).
Morcover, pediatric patients with rare types of non-B NHL are
generally excluded from clinical trials (4, 23). In a single
oncology center, treatment decisions are usually made by
individual physicians or therapeutic teams, often relying on
limited available data on outcomes derived from case reports.
Many patients receive CHOP-based regimens as a potentially
efficient therapeutic option, but the results vary according to the
NHL type (4, 23, 24). The challenges in treatment of rare types
NHL have been addressed by COG by initiating the Rare and
Cutaneous NHL registry (COG protocol ANHL 04B1) (5). The
first report from the registry published in 2016 highlighted the
lack of trcatment guidelines and variety of regimens are

administered in therapy of patients with rare non-B NHL types,
starting from observation or surgery alone to HSCT (5).

Other limitations of therapeutic options for NIHL patients are
funding issues, particularly for newly discovered or
experimental therapies (25). Our analysis demonstrated how
the oncology center’s financial status influenced changes in
therapeutic approaches. The first two patients with rare types
of NHL (SPTCL and ENKL) were treated in the carly 2000s,
a period marked by limited funding in our country. Therefore,
they received only CHOP-based regimens, resulting in varied
outcomes. The last patient with HV-LPDL was treated in the
early 2020s, when Poland become a developed country that
directly impacted funding opportunities for oncology centers,
including our Department. Therefore, the patient was able to
receive innovative treatment, which proved to be successful in
his case. A similar situation can be observed in the therapy of
relapsed ALCL patients. The first patient, treated in 2005,
received only standard salvage chemotherapy and subsequently
died duc to discase progression. In contrast, the second patient,
diagnosed with relapse in 2020, was treated with chemotherapy
combined with BV and followed by allo-HSCT, which proved
to be successful in his case.

Despite funding concerns, we must also consider, that
smaller institutions may be discouraged from participating in
large studies due to the disease's rarity (25). Therefore, we
need to provide therapy recommendations adapted to the local
capabilities. Addressing those needs in the United States and
Canada, Priya Mayahan et al. described the multidisciplinary
monthly Rare Tumor ‘Tele Tumor Boards created in 2018 (26).
During these meetings, pediatric rare solid tumor cases were
discussed to determine the best diagnostic and therapeutic
options (26). The multidisciplinary approach facilitates
therapeutic  approaches including not only systemic
chemotherapy or targeted treatment but also surgery, radiation,
and the consideration of other non-medical aspects (25-28). A
similar solution could be applied to pediatric patients with rare
NHL types, on a local, national, or international level. Besides
providing access to multidisciplinary consultation, this
approach offers patients and their families the chance to
receive treatment close to home, thereby reducing the financial
and personal costs associated with treatment (29).

In conclusion, non-B NIIL represent a heterogeneous group
of rare diseases with varied therapeutic approaches and
outcomes. Although we observe a significant progress in therapy
for ALCL, results for TLL treatment remain unsatisfactory.
Moreover, many rare non-B NHL types are excluded from
clinical trials and further rescarch. In these cases, treatment
decisions often rely on individual center expertise and available
case reports. However, there is a lack of comprehensive literature
and knowledge on optimal therapeutic strategies.

Many individual oncology centers feel the pressure to
demonstrate outcomes comparable to those achieved in
international trials. However, their unique value lies in the
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deep understanding of challenges they face every day. While
celebrating successes is important, it is equally crucial to
identify institutional limitations, to create new directions for
therapy development.
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Abstract: Background/Objectives: Over the past three decades, significant progress has
been made in understanding the biology of neuroblastoma. The integration of prognos-
tic factors has facilitated risk stratification and the development of targeted treatment
approaches. This study aims to analyze the outcomes of pediatric patients with neurob-
lastoma treated at a single oncology center over a 30-year period. Methods: This retro-
spective study analyzed data from patients aged 0-18 years with neuroblastoma, treated at
the Department of Pediatric Hematology and Oncology in Bydgoszcz, Poland, between
1993 and 2023. The study endpoints included the 5-year probability of overall survival
(pOS), event-free survival (pEFS), and relapse-free survival (pRFS), analyzed separately for
low/intermediate- and high-risk groups. Results: Seventy-five patients met the inclusion
criteria. Thirty-two children were categorized as high-risk patients and forty-three as
low/intermediate risk. During the study period, outcomes in the low /intermediate-risk
group improved significantly (the 5-year pOS 85.7% vs. 100.0%, p = 0.019; the 5-year pRFS
85.7% vs. 100.0%, p = 0.662; the 5-year pEFS 83.3% vs. 100.0%, p = 0.038). In the high-risk
group, outcomes improved but did not reach statistical significance (the 5-year pOS 0.0%
vs. 41.1%, p = 0.342; the 5-year pRFS 0.0% vs. 32.5%, p = 0.180; and the 5-year pEFS 0.0% vs.
21.5%, p = 0.537). Sixteen patients experienced relapse, of whom only three survived; stem
cell transplantation at relapse significantly improved survival (OS 0.0% vs. 50.0%, p = 0.001).
In the multivariable analysis, stage at diagnosis was a prognostic factor for pOS (HR 6.0;
95%CI 0.7-49.6, p = 0.096), while pelvic localization was a risk factor for pRFS (HR 3.0;
95%CI 0.8-10.5; p = 0.084). Conclusions: This analysis highlights significant advancements
in the diagnosis and treatment of neuroblastoma. Nevertheless, outcomes for high-risk
patients and those who experience relapse remain poor, underscoring the need for further
therapeutic improvements.

Keywords: neuroblastoma; chemotherapy; therapeutic era; survival

1. Introduction

Neuroblastoma (NBL) is the most common extracranial solid tumor of childhood,
characterized by heterogeneous biology and a variable clinical course. The primary tumor
arises from primordial neural crest cells and can develop anywhere where sympathetic
tissue is present. However, the majority of cases are diagnosed in the adrenal glands or
paravertebral ganglia [1,2]. Clinical presentation ranges from an incidentally detected
adrenal mass to advanced metastatic disease with systemic manifestations. Moreover,
the natural history of neuroblastoma is highly heterogeneous, with some cases exhibiting
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spontaneous regression or differentiation, while others follow a highly aggressive course
with rapid tumor progression and widespread metastasis [1-3].

For more than three decades, neuroblastoma treatment has served as a paradigm
for tailored, personalized therapy in pediatric oncology [1,4-10]. Using known biological
and clinical factors, patients with neuroblastoma can be divided into three therapeutic
groups: low-risk, intermediate-risk, and high-risk. As knowledge about prognostic factors
and therapy responses continues to expand, each risk group is further subdivided into
smaller, more specific therapeutic subgroups. Although the overall survival rate in the low-
and intermediate-risk groups exceeds 90%, high-risk patients have a long-term survival
rate of less than 50% [2,5,11-14]. The implementation of multimodal, intensive chemother-
apy, followed by megatherapy with autologous hematopoietic stem cell transplantation
(auto-SCT) and maintenance therapy with 13-cis-retinoic acid (13-cisRA), as well as the
introduction of immunotherapy with anti-GD2 monoclonal antibodies, has significantly
improved outcomes in the HR group [1,6,9-11,14,15]. However, children with refractory or
relapsed disease have a particularly unfavorable prognosis, and currently, no established
effective therapy exists for these patients [16-20]. The gap in our understanding of effective
therapies for refractory and relapsed disease remains an important clinical problem.

This study aims to analyze the risk factors, treatment strategies, and outcomes of the
entire cohort of pediatric patients with NBL treated at a single oncology center in Poland
over a 30-year period. The analysis reflects the expanding knowledge about neuroblastoma
biology and the improved therapy results related to the introduction of novel therapeutic
modalities in NBL treatment.

2. Materials and Methods

This retrospective study analyzed the prognostic factors and outcomes in pediatric
patients diagnosed with neuroblastoma and treated in a single tertiary oncology center in
Poland during the respective therapeutic periods.

Data from patients aged 0-18 years treated at the Department of Pediatric Hematol-
ogy and Oncology, University Hospital No. 1 in Bydgoszcz between January 1993 and
December 2023 were analyzed. The observations were completed in November 2024. The
study included newly diagnosed tumors of neuronal origin that were confirmed as neu-
roblastomas by pathologists with experience in pediatric malignancies. Clinical data for
patients treated between 1994 and 2003 were obtained from traditional medical records,
whereas data from 2004 onward were stored and reviewed electronically. Patients were
excluded if they had incomplete medical data, were diagnosed with malignancies other
than neuroblastoma (e.g., ganglioneuroma, paraganglioma), were lost in follow-up, or were
treated at other centers and referred to the Department solely for stem cell transplantation
(SCT) as part of therapy.

Patients” medical histories were reviewed with a particular focus on the diagnosis
of cancer-predisposition syndromes before NBL incidence and family history of malig-
nancies. The symptoms presenting at diagnosis included hypertension (blood pressure
above the 95 percentile for age and height), tachycardia, pain, constipation, diarrhea,
Horner syndrome (unilateral ptosis, anhidrosis, and miosis), signs of spinal cord compres-
sion (muscle weakness, sensory deficits, urinary and rectal sphincter dysfunction), and
opsoclonus-myoclonus-ataxia (OMA) syndrome.

The histological diagnosis of neuroblastoma was based on conventional tissue-
staining histology with additional immunohistochemistry, if indicated. The following
NBL subtypes were diagnosed in the analyzed cohort: differentiating NBL, poorly
differentiated NBL, undifferentiated NBL, and ganglioneuroblastoma. If the histologic
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subtype was not indicated in the medical records, neuroblastoma not otherwise specified
(NBL NOS) was diagnosed.

At diagnosis, blood tests for hematologic and biochemistry (complete blood count, fer-
ritin, and lactate dehydrogenase levels) and urinary dopamine and catecholamine metabo-
lites, including homovanillic acid (HVA) and vanillylmandelic acid (VMA), were performed.
The radiologic work-up included chest X-rays, abdominal ultrasonography (USG), com-
puted tomography (CT), or magnetic resonance imaging (MRI) of the primary tumor with
tumor volume calculation and iodine-123-labeled metaiodobenzylguanidine (MIBG) scan
(technetium bone scan if primary tumor MIBG negative). Bone marrow involvement was
evaluated using bone marrow aspirations and bone marrow trephines (both from two
separate evaluable sites). Since 2001, tumor studies have been conducted for the MYC gene
copy number status, and since 2015, for genomic copy number profiles with high-resolution
array comparative genomic hybridization (aCGH) and ALK gene mutations.

All patients were staged according to the revised International Neuroblastoma Staging
System (INNS) [21]. Since 2009, an additional staging system according to the International
Neuroblastoma Risk Group Staging System (INRGSS) has been used [22].

The definition of risk groups varies between different protocols and therapeutic peri-
ods, as successive research has introduced new prognostic factors for risk group stratifi-
cations [5-8,12-14,21-23]. Currently, risk group stratification is based on various features
related to symptoms, diagnosis, and tumor biology, including tumor genetic profiles. How-
ever, many of these factors, measurements, and results were not available during earlier
analysis periods, particularly before the 2000s. To enable reliable comparisons between
specific therapeutic approaches in this study, patients were divided into two risk groups
based on age and disease stage at diagnosis. Patients were classified as low/intermediate
risk if they were diagnosed with stage 1-3 neuroblastoma according to INNSS or with
stage 4 disease within the first 12 months of life (including stage 4S). Patients older than
12 months with stage 4 disease were classified as high risk.

Patients were treated according to therapeutic protocols dedicated to the relevant
risk groups.

The high-risk group was treated according to the Study Group of Japan for Treatment
of Advanced Neuroblastoma Tokyo (TOKYO) protocol from January 1993 to January 2002
and the High Risk Neuroblastoma Study 1 (HR-NBL1) of SIOPEN from February 2002
onwards [6,7,9,14,15,24,25].

Patients from the low/intermediate-risk group were treated according to the French
Society of Pediatric Oncology Neuroblastoma 90 and 94 therapeutic protocols (SFOP NBL)
from January 1993 to October 2002, and a subgroup of patients at stage 1-2 was treated
according to the SFOP NBL study to June 2011 [4,5,11,23]. From November 2002 to June
2011, stage 3 patients and patients at stage 4 younger than 12 months were treated accord-
ing to a Multicenter Study for Infants designed by the International Society of Pediatric
Oncology European Neuroblastoma Study Group (SIOPEN INES) [12,13]. From July 2011
onwards, all patients from the low/intermediate-risk group were treated according to the
SIOPEN European Low and Intermediate Risk Neuroblastoma study Version 3.0 (LINES
3.0) [8]. One patient from the low /intermediate-risk group was treated according to the
TOKYO protocol, and one according to HR-NBL1, based on the individual decision of the
therapeutic team.

Surgery of primary tumors was performed according to the respective therapeutic
protocols and guidelines. The main recommendations are summarized in Table 1.
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Table 1. The main recommendations for surgery according to the analyzed therapeutic protocols.

Therapeutic Protocols

Surgery Guidelines

TOKYO'!

The timing and method of resection (gross complete resection, partial resection, or biopsy) were
determined by each individual institution. Surgery of the primary tumor and lymph node metastases
was performed between chemotherapy courses [6,14,15].

HR-NBL12

CME ? of the primary tumor and involved lymph nodes was encouraged, ideally before SCR . The
operation was to be postponed if nephrectomy was necessary. Tumor resection was permitted at one of
three defined time points: within 60 days after the end of induction therapy, after 60 days of induction
completion, followed by a topotecan, vincristine, and doxorubicin chemotherapy course, or after SCR [7].

SFOP NBL 90 5 and
SFOP NBL 94 6

SIOPEN INES 7

LINES 3.0

The final decision regarding the extent of surgery (primary or delayed excision attempt versus partial
resection or biopsy) was made by an interdisciplinary team comprising a pediatric oncologist,
radiologist, and surgeon. A localized tumor was considered unresectable if it crossed the midline,
infiltrated major vessels, or posed a high risk of major surgical complications or macroscopically
incomplete resection. Surgery with the risk of major organ removal (e.g., kidney, bladder, ureter) was not
recommended unless initial chemotherapy had been administered before [4,5,23].

Primary surgery could be performed as complete, near-complete, or incomplete excision of the tumor
mass, or it may be limited to an open or needle-core biopsy, depending on the objective and subjective
SRFs ® defined based on imaging characteristics. Objective SRFs include infiltration of or close relation to
major blood vessels, infiltration of intervertebral foramina, or crossing the midline. The protocol also
defines SRFs related to the specific localization of the primary tumor. Subjective SRFs include the ratio
between tumor and child size as well as tumor fragility. In the presence of SRFs, primary biopsy was
encouraged [12,13].

Primary resection was indicated for patients with localized tumors without IDRFs ' as listed in the
study (e.g., tumor encasing major arteries and vessels, tumor encasing vital neural structures such as
brachial plexus roots, invasion of more than one-third of the spinal canal, tumor encasing the trachea or
principal bronchi, and infiltration of adjacent organs and structures). Biopsy at presentation was
indicated for localized tumors with IDRFs and metastatic tumors. Excision of the primary tumor may
serve as an alternative diagnostic procedure to biopsy in metastatic tumors, provided the primary tumor
is IDRF-negative. The decision to perform delayed resection was made individually based on the child’s
age and the presence of IDRFs, as defined in the protocol [8].

! TOKYO—The Study Group of Japan for Treatment of Advanced Neuroblastoma Tokyo; 2 HR-NBL1—the
High Risk Neuroblastoma Study 1 of The International Society of Paediatric Oncology European Neuroblastoma
(SIOPEN); ? complete macroscopic excision; * stem cell rescue; > SFOP NBL 90—The French Society of Pediatric
Oncology Neuroblastoma 90 therapeutic grotocol; © SFOP NBL 94—The French Society of Pediatric Oncology
Neuroblastoma 94 therapeutic protocol;  SIOPEN INES—a Multicenter Study for Infants designed by the
International Society of Pediatric Oncology European Neuroblastoma Study Group; ® SRF—surgical risk factor;
? LINES 3.0—The International Society of Paediatric OncologY European Neuroblastoma (SIOPEN) European
Low and Intermediate Risk Neuroblastoma study Version 3.0; '* IDRF—image-defined risk factor.

Complete resection was defined as the macroscopically complete removal of the tumor,
permitting the presence of microscopic residuals. Complete remission (CR) was defined as
the absence of tumor in any site. Progression was defined as the appearance of a new site of
disease, an increase of any measurable lesion by >25%, or a previous negative marrow positive
for tumor during first-line treatment [21]. Relapse was defined as the reappearance of the
tumor after achieving CR. Event was defined as relapse, progression, secondary malignancy,
or death from any cause. Overall survival (OS) was the time calculated from diagnosis to
death or last observation, event-free survival (EFS) included the time from diagnosis to an
event, and relapse-free survival (RFS) was calculated as the time from diagnosis to relapse.

The endpoints of the study were a 5-year probability of overall survival (pOS), a
5-year probability of event-free survival (pEFS), and a 5-year probability of relapse-free
survival (pRES).

Survival curves of pOS, pEFS, and pRFS were analyzed according to the Kaplan-
Meier method and compared by the log-rank test. All features measured at diagnosis
were included in the univariate analysis to determine their impact on outcomes. Factors
significant in the univariate analysis were used in the multivariate Cox proportional hazards
regression model. A value of p < 0.05 was considered statistically significant. Statistical
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analysis was performed using MedCalc® statistical software Version 23.1.3 (MedCalc
Software, Mariakerke, Belgium).

3. Results
3.1. Patient Characteristics

During the period from January 1993 to December 2023, a total of 113 patients aged
0-18 years were hospitalized in the Department of Pediatric Hematology and Oncology
with the diagnosis of tumors of neuronal origin. Among them, 107 were finally diag-
nosed with neuroblastoma, 4 with ganglioneuroma, and 2 with paraganglioma. Within the
107 neuroblastoma patients, 20 have been treated in different oncology centers and referred
to our department for stem cell rescue procedures. Another one was hospitalized solely for
the stem cell harvesting procedure without SCT. Eight patients were excluded because of
insufficient or incomplete data available, and three patients were lost in follow-up (they
were transferred to other oncology centers by their parents’ decision). In total, 75 patients
were included in the analysis.

Median age at diagnosis was 1.8 years (range 0.0-12.4 years), and 28 patients (37.3%)
were younger than 12 months at diagnosis. None of the analyzed children had a family
history of neuroblastoma or other malignancies, and one was earlier diagnosed with cancer
predisposition syndrome (neurofibromatosis type 1). However, two patients (a 6-month-old
boy and a 4.6-year-old girl) had café au lait spots in clinical examinations at diagnosis.
Stage 1 disease was diagnosed in 11 patients (14.7%), stage 2 in 6 (8.0%), and stage 3 in
15 cases (20.0%). Most patients presented with metastatic disease (n = 43, 57.3%), of whom
six presented with stage 4S. Thirty-two children were categorized as high-risk patients and
forty-three as low /intermediate risk. Patients’ detailed characteristics are shown in Table 2.

Table 2. Patients’ characteristics considering respective therapeutic protocols.

TOKYO " HR-NBL1 "2 SFOP NBL 13 SIOPEN INES '  LINES3.0'3
Number of patients 8 o 2 12 19
Male 4 14 5 6 14
Female 4 13 4 6 5
Age (years) mean 55 3.8 27 13 15
range 1.0-124 0.4-10.5 0.0-124 0.1-74 0.0-11.5
WBC ! (x 103) mean 9.21 7.49 9.21 10.73 10.18
range 2.60-17.00 4.41-12.7 4.80-18.00 8.60-12.40 2.96-15.40
PLT 2 (x10%) mean 322 301 502 379 488
range 107-653 48-536 259-780 161-647 254-849
HGB? (/L) mean 9.9 8.9 11.7 10.7 113
range 7.0-13.5 48-124 9.3-134 9.6-13.2 7.4-159
LDH * (IU/L) mean 1313 1613 548 627 344
range 403-4258 168-7029 410-740 282-1360 223-874
Ferritin(ng/mL) mean 488 538 85 119 97
range 271-706 25-2480 37-181 20-292 6-298
Histology
Differentiating NBL ° 2 2 3 1 1
Poorly differentiated NBL 0 5 1 6 12
Undifferentiated NBL 1 4 0 0 2
Ganglioneuroblastoma 0 6 2 2 2
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Table 2. Cont.

TOKYO 1! HR-NBL1 12 SFOP NBL SIOPEN INES ™ LINES 3.0 1%
NBL NOS ¢ 5 10 3 3 2
Dgg o » : : ]
x:ﬁ: JouERe 5 18 4 9 10
N-MYC amplification NA 10 13 NA 3 1
SCA® NA 7 NA NA 5
NCA* NA 3 NA NA 7
ALK gene mutation NA NA NA 0
Symptoms
Hypertension 2 1 2 1
Tachycardia 2 0 0 1
Pain 7 14 1 4 2
Constipation 3 1 3 1
Diarrhea 1 0 2 3
Horner syndrome 0 0 1 0
o z ; : ; 1
3:’s:i.:lonus—myoclonus— 0 0 0 0 0
Primary tumor localization
Adrenal gland 6 22 8 7 16
Retroperitoneal 6 22 1 7 5
Mediastinal 2 12 1 5 1
Pelvis 2 12 0 4 1
Neck 1 3 0 0 0

! WBC—white blood cells; > PLT—platelet count; ? HGB—hemoglobin; * LDH—lactate dehydrogenase;
> NBL—neuroblastoma; ® NOS—not otherwise specified; 7 MIBG—iodine-123-labeled metaiodobenzylguanidine;
8 SCA—structural chromosomal alterations, * NCA—numerical chromosomal alterations; ' NA—not applicable;
11 TOKYO—The Study Group of Japan for Treatment of Advanced Neuroblastoma Tokyo; '2 HR-NBL1—the
High Risk Neuroblastoma Study 1 of The International Society of Paediatric Oncology European Neuroblas-
toma (SIOPEN); '3 SFOP NLB—The French Society of Pediatric Oncology Neuroblastoma 90 and 94 therapeutic
protocols; ' SIOPEN INES—A Multicenter Study for Infants designed by the International Society of Pediatric
Oncology European Neuroblastoma Study Group; !> LINES 3.0—The International Society of Paediatric Oncology
European Neuroblastoma (SIOPEN) European Low and Intermediate Risk Neuroblastoma study Version 3.0.

3.2. Treatment in the Low/Intermediate-Risk Group

In the low/intermediate-risk group, most patients were treated according to the
LINES 3.0 therapeutic protocol (n = 20, 46.2%). Complete resection during either primary or
delayed surgery was achieved in 28 patients (65.1%). Among these, 18 patients underwent
complete macroscopic removal of the primary tumor during initial surgery. Primary surgery
served as the definitive therapy in 15 cases, including 12 stage 1 patients, 2 stage 2 patients,
and 1 stage 4S patient. Three stage 4S patients had only a biopsy of the primary tumor
without further treatment. Radiotherapy was administered as a complementary therapy in
eight cases (18.6%).
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3.3. Treatment in the High-Risk Group

The majority of patients in the high-risk group were treated according to the HR-NBL1
therapeutic protocol (n = 25, 78.1%). All patients were diagnosed based on a biopsy of
either the primary tumor or a metastatic site and received primary chemotherapy. De-
layed complete resection was achieved in three cases (9.4%). Twenty patients underwent
autologous-stem cell transplantation (auto-SCT). In 15 cases, local radiotherapy (RTX) was
performed following induction chemotherapy, surgery, and auto-SCT. Sixteen children
received maintenance treatment with 13-cis-retinoic acid (13-cisRA), and six patients were
eligible to receive dinutuximab beta (anti-GD2 monoclonal antibodies) during mainte-
nance therapy.

3.4. Outcomes

Complete remission was achieved by 82.7% of patients (n = 62). For the entire cohort,
the 5-year pOS was 66.7%. Patients in the low/intermediate-risk group had a significantly
better 5-year pOS compared to those in the high-risk group (91.9% vs. 35.9%, p < 0.001).
Relapse occurred in 16 cases, with a median time to relapse of 0.8 years (range 0.0-3.2 years).
In seven cases, relapse was observed at the primary tumor site, while in five cases, the
patients presented with disseminated disease at the time of relapse diagnosis. Character-
istics of patients with relapsed disease and details of subsequent therapies are presented
in Table 3. Among patients who experienced relapse, only three survived. Stem cell trans-
plantation (SCT) in relapse was the only therapeutic modality that significantly improved
outcomes in this group (OS 0.0% vs. 50.0% for patients who underwent SCT in relapse,
p =0.001).

The 5-year pRFS for the whole cohort was 68.3%. Patients in the high-risk group had a
significantly higher risk of relapse compared to those in the low /intermediate-risk group
(the 5-year pRFS 28.3% vs. 94.9%, p < 0.001).

The 5-year pEFS for all analyzed patients was 57.3%, with a 5-year pEFS of 94.9% for
the low/intermediate-risk group and 28.3% for the high-risk group (p < 0.001). Disease
progression was observed in five cases. Four patients with progression were treated with
chemotherapy, of whom two underwent SCT; one child received palliative care only. None
of the patients with disease progression survived. No cases of secondary malignancies
were observed.

Patients treated according to modern therapeutic protocols, utilizing genetic-based
stratification, had better outcomes. Patients treated during the second half of the analyzed
period have significantly better pOS, pEFS, and pRFS compared to the cohort treated before
the year 2008 (Figure 1).

Twenty-four patients died, with the most common causes of death being disease
relapse (n =9, 37.5%) and treatment-related complications (n =9, 37.5%). Four patients died
due to primary disease progression, and in two cases, the cause of death was unknown
(both patients died outside our hospital). Among the treatment-related deaths, four were
attributed to infectious complications, four to treatment toxicity, and one to complications
following primary tumor resection. The median time from diagnosis to death was 1.3 years.
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Figure 1. The long-term probability of overall survival (pOS), event-free survival (pEFS), and relapse-
free survival (pRFS) divided by therapeutic periods. (A) The 10-year pOS for the whole cohort
divided by therapeutic periods; (B) The 10-year pRFS for the whole cohort divided by therapeutic
periods; (C) The 10-year pEFS for the whole cohort divided by therapeutic periods. * p < 0.05.

3.5. Therapy Results in the Low/Intermediate Group

The differences between therapeutic protocols in 5-year pOS and pEFS were statis-
tically significant, with the best results observed in patients treated according to LINES
3.0 (Figure 2). No progression was observed in this group. One patient treated with the
TOKYO protocol died due to treatment-related complications; one patient treated with the
HR-NBL1 protocol is alive in remission. Relapse occurred in three patients. After relapse,
one patient received chemotherapy only, one received chemotherapy followed by auto-SCT
and additional RTX, and one received chemotherapy followed by auto-SCT, RTX, and
maintenance with 13-cisRA. Three patients died: one in relapse (patient primary treated
with SFOP NBL 94 protocol and with TOKYO after relapse), one due to treatment-related
toxicity (infection), and in one case, the cause of death was unknown (the patient died in a
different hospital after completion of therapy).
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Figure 2. The 5-year probability of overall survival (pOS), event-free survival (pEFS), and relapse-
free survival (pRFS) for consecutive therapeutic protocols divided by risk groups. (A) The 5-year
pOS for low/intermediate-risk group patients according to therapy protocols; (B) The 5-year pRFS
for low/intermediate-risk group patients according to therapy protocols; (C) The 5-year pEFS for
low/intermediate-risk group patients according to therapy protocols; (D) The 5-year pOS for high-
risk group patients according to therapy protocols; (E) The 5-year pRFS for high-risk group patients
according to therapy protocols; (F) The 5-year pEFS for high-risk group patients according to therapy
protocols; * p < 0.05; ** One patient treated with TOKYO and one patient treated with HR-NBL1
protocol were excluded from the (A-C).

3.6. Therapy Results in the High-Risk Group

Figure 2 shows that 5-year pOS was superior in patients treated according to the
HR-NBL1 protocol. However, the results did not reach statistical significance. Patients
treated with auto-SCT and maintenance with 13-cisRA had a better prognosis (the 5-year
pOS 50.3% vs. 24.0%, p = 0.001). In the subgroup treated in maintenance with an addition of
anti-GD2 monoclonal antibodies, the 5-year pOS was better, but the difference did not reach
statistical significance (the 5-year pOS 50.0% vs. 38.8%, p = 0.449). However, prolonged
observations indicated prominent improvement in long-term outcomes among patients
treated with anti-GD2 monoclonal antibodies (the 10-year pOS 50.0% vs. 12.1%).

Thirteen patients experienced relapse, with a median time to relapse of 0.9 years. The
differences in 5-year pRFS between protocols were visible but not statistically significant
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(0.0% vs. 32.5%, p = 0.180, Figure 2). None of the therapy modalities used in first-line
treatment (auto-SCT procedure, maintenance with 13-cisRA, or anti-GD2 monoclonal
antibodies) significantly reduced the probability of relapse.

The 5-year pEFS was 0.0% for TOKYO and 21.5% for the HR-NBL1 protocol (Figure 2).
Although therapy results with the auto-SCT procedure were better (the 5-year pEFS 26.8%
vs. 20.0%, p = 0.001), the outcomes remained poor. The addition of maintenance with
13-cisRA significantly improved the 5-year pEFS (34.8% vs. 0.0%, p = 0.001 for 13-cisRA).
Patients treated with anti-GD2 monoclonal antibodies had a higher 5-year pEFS, but the
differences were not statistically significant (50.0% vs. 13.8%, p = 0.308).

3.7. Prognostic Factors

Stage at diagnosis was a significant prognostic factor. Patients with stage 1 and 45
disease had an excellent 5-year pOS and pEFS of 100.0%. In patients with stage 2 and
3 neuroblastoma, the 5-year pOS and pEFS reached 80.0% or above, while patients with
stage 4 neuroblastoma had the 5-year pOS of 46.3%, the 5-year pRFS of 37.9%, and the
5-year pEFS of 28.5% (Figure 3).
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Figure 3. The outcomes according to five consecutive International Neuroblastoma Staging System
(INNS) disease stages. (A) The 5-year probability of overall survival (pOS) for five consecutive INNS
disease stages; (B) The 5-year probability of relapse-free survival (pRFS) for five consecutive INNS
disease stages; (C) The 5-year probability of event-free survival (pEFS) for five consecutive INNS
disease stages. * p < 0.05.

Age above 12 months at diagnosis was a risk factor for death (OR 7.9, 95% CI 2.1
to 29.9, p = 0.002), event (OR 6.8, 95% CI 2.1 to 22.7, p = 0.014), and relapse (OR 13.6,
95% CI 1.7 to 109.3, p = 0.014). Other significant risk factors included symptoms such
as pain, hypertension, and tachycardia at diagnosis, increased LDH and ferritin levels,
poorly differentiated histology, primary tumor localization in the pelvis or retroperitoneum,
MIBG-positive tumors, N-MYC gene amplification, and structural chromosomal alterations
(SCA) in tumor tissue (Table 4). In the multivariable analysis, INNS stage was a risk
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factor of borderline significance for pOS and pEFS, while pelvis localization was a factor of
borderline significance for pRFS (Table 5).

Table 4. Univariate analysis of risk factors.

5-Year pOS ! :;Ss" 5-Year pEFS 2 :st" 5-Year pRFS ? ::Fs’
=, e R B R L
Ao 12 et 0 G oz oo oors*
LD naral vl mow 009 oy i 0066
Fentin nasmal leve mre 005t o oW el oou*
Histology
gi;t&?:&%ﬂlﬂ:diffcrenliating NBL 2322 0% 5‘2;3: R 22“;{‘: 004
Z"&ﬂfé‘;ﬁfﬁ‘f&'ﬁf p“f,hy differeninted NEL  585% Gz o BRELE 5% e
Hislogy oher han undiferntiaed NBL 574% 0% gy 083 G use1
g?sntg:i?g“;:rtﬁ::at;t:: gaanglioneuroblastoma (8?;:;: e ;;Z: s g;“z a2l
Cltctelaine s apaios B 0y g 07 e i
NMYC nbgtive weo W S i 0090
SCA negativ oo 06" w006t Qgm0
NCA pesve Mo 0® 0 Gl 04zs
Symptoms at diagnosis
[ 2 e 2% o 3R o
Tchjeaedia oot L o8 0003
Ty 4 e E% ame 7R e
Constiation ibvent 1% o 0 G s
Ty S e M
i il 2% 07 S5 o G ks
Primary tumor localization
Other han adrenal gland we M G 055 0509
RO;“;PS\I;:?::Opeﬁtoneal 32;:;: s ﬁngz e ggg‘?z e
getli:'eif than pelvis ;;g:;: B ggz: S ;:i’z; L)
gtelf:r than neck ;gg:;: 013 62(5)(;:;: a ;?2:: G152

! pOS—probability of overall survival; 2 pEl-S—grobability of event-free survival; > pRFS—probability of relapse-
free survival; * LDH—lactate dehydrogenase; > NBL—neuroblastoma; ® N-MYC gene amplification; 7 SCA—
structural chromosomal alterations; ® NCA—numerical chromosomal alterations; * p < 0.05.
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Table 5. Multivariable analysis of risk factors.

Independent poOs?  poOs posS pEFS® pEFS pEFS pRFS? pRFS pRFS
Variable HR®  HR95%CI7 p= HR HR95%CI p= HR HR95%Cl p=
Hypertension 37 07t019.6 0124 29 07t0129  0.142 13 02t077 0741

 Pain 10 021063 0992 12 02to54 0816 17 05t058 0415
Tachycardia NA® NA NA NA NA NA 20 03to115 0447
Ferritin high level 31 03 t030.0 0334 35 04t0325 0266 14 01to142 0771
LDH ! high level 04 05t032 0381 06 01to45  0.640 NA NA NA
N-MYC 2 positive 12 03t04.6 0780  NA NA NA NA NA NA
Pelvis 19 041t010.7 0447 20 05t079 0319 30 08t0105  0.084*
Retroperitoneal 15 02t015.3 0.714 09 01to79 0.973 NA NA NA
INNS ? 60 0.7t049.6 0.09%* 74 09t0575  005%6* 29 07t0125 0134
Age < 12 months 02 01t039 0301 02 01to37 0306 34 03t0348 0670
:;’s‘:;ll{)gd;“m“'h‘“ 04 0.1t03.1 0377 02 01to16 0149 08 01t058 0860

! LDH—lactate dehydrogenase; > N-MYC gene amplification; > INNS—International Neuroblastoma Staging
System; * pOS—probability of overall survival; > HR—hazard ratio; ® NA—not applicable; 7 Cl—confidence
interval; ¥ pEFS—probability of event-free survival; * pRFS—probability of relapse-free survival. Structural
chromosomal alterations were excluded from the multivariable analysis due to a low number of patients with
aCGH test results; * p = 0.05-0.10.

4. Discussion

This 30-year, single-center analysis reflects significant improvements in the diagnostic
and therapeutic approaches for NBL. As Poland has never established a national thera-
peutic program for neuroblastoma, our department has used therapeutic protocols from
other countries [4-9,11-15,23,26]. In the 1990s, patients were treated using Japanese and
French protocols. The results obtained in our cohort were inferior to those reported by
the Neuroblastoma Study Group of the Société Francaise d’Oncologie Pédiatrique and the
Study Group of Japan [4,6,14,15]. Poorer outcomes could be attributed to limited access to
detailed therapy guidelines and high rates of treatment-related mortality. Since the early
2000s, patients have been treated according to international therapy protocols, leading to
significant improvements in treatment outcomes.

During the study period, diagnostic and therapeutic recommendations have evolved
into more specific and comprehensive guidelines, enabling precise execution of all thera-
peutic stages. An excellent example of the development is surgical guidelines. In the 1980s
and 1990s, the surgery range and acceptable extension of the surgical site, as well as surgery
timing, were assessed individually by surgeons [6]. Currently, the surgical guidelines are
detailedly described in therapeutic protocols, with well-recognized image-defined risk
factors and surgery time [1,2,7,8,27]. Moreover, the final decision regarding the surgical
range is made by an interdisciplinary team comprising a pediatric oncologist, radiologist,
and surgeon. Multidisciplinary collaboration plays a crucial role in the preparation of
comprehensive treatment plans while minimizing postoperative complications.

In the last three decades, significant progress has been made in our understanding of
neuroblastoma biology, particularly regarding the genetic and molecular background of the
tumor and its distinct natural course in infants [2,3,12,22]. The stage at diagnosis is one of
the most important prognostic factors. Prognostic factors other than age and stage include
elevated LDH and ferritin levels, segmental chromosomal aberrations, MYC oncogene
amplification, and unfavorable histology [1,2,8,13,16,23]. Although most risk factors were
also identified in this study, in our cohort, clinical manifestations, such as hypertension
and pain, were associated with decreased pOS, pRFS, and pEFS, whereas tachycardia was
specifically linked to lower pEFS in a univariate analysis.
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The integration of prognostic factors into clinical practice has facilitated effective risk
stratification, allowing for adjusted treatment approaches. In the analyzed cohort, patients
in the low/intermediate-risk group had a favorable prognosis, with a 5-year pOS and pEFS
above 80.0%. A subgroup of patients treated with the LINES 3.0 protocol achieved excellent
outcomes, with a 5-year pOS and pEFS of 100.0%. Significant progress in therapeutic
outcomes for the low- and intermediate-risk groups was achieved by minimizing invasive
treatment in subgroups with highly favorable prognoses while intensifying therapy for
patients with identified risk factors. This risk-adapted strategy has optimized treatment
intensity while reducing toxicity and improving overall patient outcomes.

Intensive treatment regimens also resulted in gradual improvements in survival
among children in the high-risk group. Although overall outcomes in this group remained
unfavorable, the 5-year pOS of the analyzed cohort increased from 0.0% to 41.1% during
the study period. The TOKYO protocol was one of the first to incorporate multimodal,
intensive chemotherapy for high-risk patients [6,14,15]. Although the results of the protocol
were unsatisfactory in our department, it paved the way for further intensive treatment
according to the HR-NBL1 protocol, which yielded significantly better outcomes. Therapy
with anti-GD2 monoclonal antibodies did not significantly improve pOS and pEFS in our
cohort. However, prolonged observation suggests that the addition of anti-GD2 monoclonal
antibodies improves long-term outcomes.

More than half of children with high-risk neuroblastoma either fail to respond to stan-
dard therapies or experience relapse [16,19,20,28]. Patients with relapse have particularly
unfavorable outcomes, with long-term pOS ranging from 14.1% to 20.0% [17-20]. Although
no standard second-line therapy has been established, limited evidence indicates improved
survival following myeloablative chemotherapy with auto-SCT [20,29]. This trend was
also observed in our study, with SCT in relapse being the only therapeutic modality that
significantly improved outcomes. Nevertheless, the choice of bridging therapy remains a
topic of discussion, as reflected by the variety of salvage chemotherapy used during the
study period. Regimens containing temozolomide and topotecan are currently the standard
backbone of bridging chemotherapy [17,18,30]. However, most second-line therapy trials
for neuroblastoma have been single-arm studies, lacking a valid comparator and primarily
assessing short-term outcomes, such as response rate [17,18,30]. Given the heterogeneity
of the disease and second-line therapy, there is limited knowledge of which patients are
more likely to respond to treatment and achieve long-term survival after primary therapy
failure [16,17,29].

Due to the retrospective nature of the analysis, this study has some obvious limitations.
Some patients were excluded from the analysis due to missing medical data. The group
comprised heterogeneous patients treated within 30 years, and the number of patients
treated according to consecutive protocols was relatively small. Although some genetic
diagnostic tests were not available in the early period of the analysis, the most important
information about the clinical and laboratory results was included. Moreover, the lack of
genetic testing reflects the limited knowledge about neuroblastoma biology in the 1990s
and early 2000s. Furthermore, the endpoints were achieved in all analyzed cases, which
enabled a comparison between therapeutic approaches. The data from this study may
serve as a background for further research, particularly those focusing on relapsed disease.

5. Conclusions

This study highlights the significant progress that has been made in the diagnosis and
treatment of neuroblastoma. The development of modern diagnostic methods, including
genetic testing of tumor tissues, has facilitated precise risk stratification. Tailored treatment
approaches, focused on minimizing invasive interventions for subgroups with highly favor-
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able prognoses while intensifying therapy for high-risk patients, have optimized treatment
strategies and improved overall patient outcomes. In our department, treatment guide-
lines have evolved from individualized therapeutic decisions based on scientific reports
to standardized protocols within international trials. However, prognosis remains poor
for high-risk patients and those who experience relapse, emphasizing the need for further
therapeutic improvements. The lack of standardized second-line treatment guidelines
for patients with relapse underscores the urgency for additional clinical trials. With the
upcoming SIOPEN HR-NBL-2 trial on the horizon, we expect further improvements in
outcomes for patients with high-risk neuroblastoma.
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Uniwersytet Mikolaja Kopernika w Toruniu
Collegium Medicum im L. Rydygiera w Bydgoszczy
KOMISJA BIOETYCZNA
Ul. M. Sklodowskiej-Curie 9, 85-094 Bydgoszcz, tel.(052) 585-35-63, fax.(052) 585-38-11

KB 577/2021 Bydgoszcz, 16.11.2021 r.

Dzialajgc na podstawie art.29 ustawy z dnia 5 grudnia 1996 roku o zawodzie lekarza (Dz.U. z 1997 r. Nr
28 poz. 152 (wraz z p6zniejszymi zmianami), rozporzadzenia Ministra Zdrowia i Opieki Spolecznej z dnia 11
maja 1999 r. w sprawie szczegdlowych zasad powolywania i finansowania oraz trybu dzialania komisji
bioetycznych (Dz.U. Nr 47 poz.480) oraz Zarzadzenia Nr 21 Rektora UMK z dnia 4 marca 2009 . z pozn. zm. w
sprawie powolania oraz zasad dzialania Komisji Bioetycznej Uniwersytetu Mikolaja Kopernika w Toruniu przy
Collegium Medicum im Ludwika Rydygiera w Bydgoszczy oraz zgodnie z zasadami zawartymi w ICH — GCP

Komisja Bioetyczna przy UMK w Toruniu, Collegium Medicum w Bydgoszczy

(sklad podano w zalgczeniu), na posiedzeniu w dniu 16.11.2021 r. przeanalizowala wniosek,
ktory ztozyt kierownik badania:

prof. dr hab. med. Jan Styczynski
Katedra Pediatrii, Hematologii i Onkologii
Collegium Medicum w Bydgoszezy UMK w Toruniu

z zespolem w skladzie

lek. med. Joanna Konieczek, prof. dr hab. med. Mariusz Wysocki, Katarzyna
Peszynska-Bialczyk, dr n. med. Ewa Demidowicz, dr n. med. Krzysztof Czyzewski,
dr n. med. Robert Dg¢bski, dr n. med. Monika Pogorzala, dr n. med. Andrzej Koltan,
dr n. med. Natalia Bartoszewicz, dr n. med. Monika Richter-Przygonska, dr n. med. Barbara
Tejza, lek. med. Piotr Ksi¢zniakiewicz, lek. med. Joanna Cisek, dr n. med. Agnieszka Jatczak-
Gaca, dr hab. n. med. Sylwia Koltan, prof. UMK, dr n. med. Anna Dgbrowska, dr n. med.
Elzbieta Grzesk, lek. med. Anna Urbanczyk, lek. med. Kamila Jaremek, lek. med. Eugenia
Winogrodzka, lek. med. Dominika Koluda, lek. med. Monika ELecka, lek. med. Sandra
Walach, lek. med. Agata Marjaiska, lek. med. Magdalena Dziedzic, lek. med. Katarzyna
Balci, lek. med. Sonia Tarasenko, lek. med. Oliwia Grochowska, lek. med. Hanna Zolnowska,
lek. med. Marlena Ewertowska, lek. med. Marta Mazalon, lek. med. Monika AdamKkiewicz,
dr n. med. Malgorzata Kubicka, dr n. med. Beata Kurylo-Rafinska

w sprawie badania:

»SKuteczno$¢ terapii innowacyjnych w onkologii dziecigeej w $wietle wynikow
post¢powania przeciwnowotworowego w najezestszych nowotworach wieku dziecigcego”.

Po zapoznaniu si¢ ze zlozonym wnioskiem i w wyniku przeprowadzonej dyskusji oraz glosowania
Komisja podjela

Uchwalg o pozytywnym zaopiniowaniu wniosku
W sprawie przeprowadzenia badan, w zakresie okre$lonym we wniosku pod warunkiem:

- w odniesieniu do czgdci retrospektywnej badania:

*  posiadania zgody 0s6b badanych na przetwarzanie danych osobowych w celach naukowych, a w przypadku

braku takiej zgody, analizowania jedynie danych zanonimizowanych, pozbawionych danych personalnych
(zgodnie z RODO).



2
w odniesieniu do czgsci prospektywnej badania:

* poinformowania na pismie uczestnikéw badania o celu oraz zakresie badan i uzyskania od nich (obojga ich
rodzicow/opiekunéw prawnych) osobnej, pisemnej, $§wiadomej zgody na udzial w badaniu, zgodnie z
obowigzujacymi przepisami, datowanej najpdZniej na moment rozpoczecia badania, a nie wezesniej niz data
uzyskania z Komisji Bioetycznej pozytywnej opinii o badaniu;

e  UWAGA! W przypadku maloletnich, ktérzy ukonczyli 16 lat zycia oraz mlodszych matoletnich, ktérzy sa w
stanie z rozeznaniem wypowiedzie¢ sie, co do swojego udzialu w badaniu obowigzuje réwniez koniecznos¢
uzyskania $wiadomej zgody od nich;

* zachowania tajemnicy wszystkich danych, w tym danych osobowych uczestnikéw badania, umozliwiajacych
ich identyfikacje w ewentualnych publikacjach;

* sugerujemy uzyskanie podpisu uczestnika badania pod informacja o badaniu, lub sporzadzenie formularza
informacji i $wiadomej zgody na udzial w badaniu w ramach jednego dokumentu.

Jednoczesnie informujemy, iz, Zgoda na udzial w badaniu” winna zawiera¢ m.in.: imig i nazwisko badanej osoby;

Nr historii choroby pacjenta (L.ks.gt. Oddzialu/Poradni) oraz date i podpis badanej osoby (rodzicow/opiekunéw

prawnych), a takze klauzule, Ze uczestnik badania wyraza zgode na przetwarzanie danych osobowych dotyczacych

realizacji tematu badawczego, zgodnie z obowiazujacym prawem (RODO).

Kierownik badania zobowiazany jest do przechowywania wszystkich dokumentéw dotyczacych badania przez
okres dwudziestu lat.

Zgoda obowiqzuje od daty podjecia uchwaly (16.11.2021 r.) do korica 2026 r.

Wydana opinia dotyczy tylko rozpatrywanego wniosku = uwzglednieniem przedstawionego projektu;
kazda zmiana i modyfikacja wymaga uzyskania odrebnej opinii. Wnioskodawca zobowiqgzany jest do informowania

o wszelkich poprawkach, ktore moglyby mie¢ wplyw na opini¢ Komisji oraz poinformowania o zakornczeniu
badania.

Od niniejszej uchwaly podmiot zamierzajqcy przeprowadzié¢ eksperyment medyczny, kierownik zakladu
opieki zdrowotnej, w kidrej eksperyment medyczny ma byé przeprowadzony, mogq wniesé odwolanie do
Odwolawczej Komisji Bioetycznej przy Ministrze Zdrowia, za posrednictwem Komisji Bioetycznej przy Collegium
Medicum im. L. Rydygiera w Bydgoszczy, w terminie 14 dni od daty otrzymania niniejszej Uchwaly.

Prof. dr hab. med.IKaroI Sliwka
!

Przew@dniczacy K\oTisji Bioetycznej

Otrzymuje:

prof. dr hab. med. Jan Styczynski

Katedra Pediatrii, Hematologii i Onkologii
Collegium Medicum w Bydgoszczy UMK w Toruniu



Lista obecnoSci

na posiedzeniu Komisji Bioetycznej

w dniu 16.11.2021 r.

Lp. Imi¢ i nazwisko Funkcja/ Specjalizacja Podpis
)
L. Prof. dr hab. n. med. Karol $liwka moidyyma sgamna
przewodniczacy ~
prawniczka N
2. Mgr prawa Joanna Potetek-Zygas .
zastepca przewodniczacego
Prof. dr hab. n. med. Mieczystawa Czerwionka- pediatra, alergologia i
- Szaflarska gastroenterologia dziecieca -
O\
poloznictwo,
4 Prof. dr hab. n. med. Marek Grabiec [/\
ginekologia onkologiczna
Prof. dr hab. n. med. Maria Klopocka Rty Wonpirne, % Y,
2 . n. med.
$ Ros gastroenterologia O Gb‘ﬁ
chirurgia ogélina, :
6. Prof. dr hab. n. med. Zbigniew Wiodarczyk
transplantologia kliniczna 7
chirurgia ogélna,
7. Dr hab. n. med. Maciej Stupski, prof. UMK
transplantologia kliniczna
anestezjologia {
8. Dr hab. n. med. Katarzyna Sierakowska, prof. UMK - .
i intensywna terapia
0. Ks. dr hab. Wojciech Szukalski, prof. UAM duchowny U‘ (M a/
10. Dr n. med. Radostawa Staszak-Kowalska pediatria, choroby ptuc
1. Mgr prawa Patrycja Brzezicka prawniczka
12 Mgr farm. Aleksandra Adamczyk  farmaceutka MM
13. Mgr Lidia Iwinska-Tarczykowska

pielegniarka




