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1 Zusammenfassung
1.1 Abstract (in Deutsch und Englisch)

Hintergrund: Unfruchtbarkeit stellt eine relevante Spatfolge nach einer
Krebsbehandlung dar. Eine ausfuhrliche und verstandliche Aufklarung uber
behandlungsbedingte Fruchtbarkeitsrisiken und Optionen zum Fertilitatserhalt ist die
Voraussetzung daflr, dass betroffene Jugendliche und ihre Eltern eine informierte
Entscheidung zur Inanspruchnahme fertilitatserhaltender MaRnahmen treffen kénnen.
In einer multizentrischen Interventionsstudie untersuchten wir, wie die Verwendung
von Patienteninformationsmaterial das Wissen uber Fertilitat, die selbstverantwortliche
Entscheidungsfahigkeit sowie die Inanspruchnahme von Kryokonservierung

beeinflusst.

Methodik: Die Studie wurde in elf padiatrisch-onkologischen Zentren in vier
europdaischen Landern durchgefiihrt. Eingeschlossen wurden alle neu diagnostizierten
Patient*innen im Alter von = 13 Jahren, die mit Chemo- und/oder Strahlentherapie
behandelt wurden. Die Kontrollgruppe erhielt eine derzeit Gbliche Patientenaufklarung
bei Erstdiagnose. In der Interventionsgruppe wurde die Patientenaufklarung durch
geschlechtsspezifisches und  bebildertes Informationsmaterial  unterstitzt.
Patient*innen und Eltern wurden gebeten, drei Monate (t0) und sechs Monate (t1) nach

Erstdiagnose einen Fragebogen auszufillen.

Ergebnisse: In der Kontrollgruppe nahmen 113/142 Patient*innen (79,6 %) und
111/142 Eltern (78,2 %) teil, in der Interventionsgruppe waren es 101/134
Patient*innen (75,4 %) und 99/134 Eltern (73,9 %). Das Wissen Uber Fertilitat war bei
den Patient*innen und Eltern in der Interventionsgruppe hdher als in der
Kontrollgruppe, fur die Unterschiede wurde jedoch keine statistische Signifikanz
ermittelt (Mittelwertsunterschiede Patient*innen: 1,62 (t0) / 2,17 (t1); Eltern: 2,23 (t0) /
2,2 (t1)). Die selbstverantwortliche Entscheidungsfahigkeit verbesserte sich sowohl bei
den Patient*innen (p = 0,046, d = 0,27) als auch bei den Eltern (p = 0,046, d = 0,48) in
der Interventionsgruppe. Bei der Inanspruchnahme von Kryokonservierung zeigte sich
kein signifikanter Unterschied zwischen der Kontrollgruppe (32,7 %, 37/113) und der
Interventionsgruppe (36,6 %, 37/101). In der Kontrollgruppe war Kryokonservierung
assoziiert mit dem Geschlecht (OR = 0,10, CI: 0,02-0,43), Alter (OR = 1,56, CI: 1,08—
2,26) und dem Erhalt von Informationen Uber fertilititserhaltende Mal3hahmen

(OR = 33,66, CI: 2,10-539,57). In der Interventionsgruppe war Kryokonservierung mit
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dem Geschlecht (OR = 0,09, CI: 0,03-0,33) und dem geschatzten
Unfruchtbarkeitsrisiko (OR = 43,67, Cl: 2,16—883,97) assoziiert.

Schlussfolgerung: In der Interventionsgruppe, bei der die Patientenaufklarung durch
Informationsmaterial unterstitzt wurde, zeigte sich ein hoheres Wissen uber Fertilitat
und eine verbesserte selbstverantwortliche Entscheidungsfahigkeit bei Patient*innen
und Eltern. Die Kryokonservierungsrate stieg durch die Intervention insgesamt nicht
an, allerdings schien das individuelle Fertilitatsrisiko mehr in das Bewusstsein gerickt
zu werden. Neben der Bereitstellung einer Fertilitatsaufklarung fir alle jugendliche*n
Krebspatient*innen sollte bertcksichtigt werden, dass Madglichkeiten zum
Fertilitatserhalt sowohl verfigbar als auch finanziell tragbar sein missen. Weitere

Forschung zur Erweiterung der bereits bestehenden Optionen ist erforderlich.

Background: Infertility is a relevant late effect of cancer treatment. Detailed and
understandable information about treatment-related fertility risks and fertility
preservation options is a prerequisite for affected adolescents and their parents to
make an informed decision on the use of fertility preservation measures. Within a
multicenter intervention study, we investigated how the use of patient information
material influences knowledge about fertility, patient empowerment and the use of

cryopreservation.

Methods: The study was conducted in eleven pediatric oncology centers in four
European countries. All newly diagnosed patients aged = 13 years treated with
chemotherapy and/or radiotherapy were included. The control group received patient
education "as usual" at initial diagnosis. In the intervention group, patient education
was supported by gender-specific and illustrated information material. Patients and
parents were asked to complete a questionnaire three months (t0) and six (t1) months

after initial diagnosis.

Results: The study involved 113/142 patients (79.6%) and 111/142 parents (78.2%)
in the control group and 101/134 patients (75.4%) and 99/134 parents (73.9%) in the
intervention group. Knowledge about fertility was higher among both patients and
parents in the intervention group than in the control group, but no statistical significance
was determined (differences in mean values patients: 1.62 (t0) / 2.17 (t1); parents:
2.23 (t0) / 2.2 (t1)). Empowerment improved in both patients (p = 0.046, d = 0.27) and

parents (p = 0.046, d = 0.48) in the intervention group. Cryopreservation rates showed
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no significant difference between the control group (32.7%, 37/113) and the
intervention group (36.6%, 37/101). In the control group, cryopreservation was
associated with gender (OR = 0.10, CI: 0.02-0.43), age (OR = 1.56, Cl: 1.08-2.26)
and recall of information on fertility preservation (OR = 33.66, ClI: 2.10-539.57). In the
intervention group, cryopreservation was associated with gender (OR = 0.09, CI: 0.03—
0.33) and the estimated infertility risk (OR = 43.67, CI: 2.16—883.97).

Conclusion: The intervention group, in which patient education was supported by
information material, showed higher knowledge about fertility and an improved
empowerment among patients and parents. Cryopreservation rates did not overall
increase following the intervention, but there seemed to be more awareness of the
individual fertility risk. In addition to providing fertility counselling for every adolescent
cancer patient, fertility preservation has to be both available and affordable. Further
research to extend fertility preservation options is needed.



1.2 Einfuhrung

Ungefahr eins von 285 Kindern wird vor dem Alter von 20 Jahren an Krebs erkranken
(). Erfreulicherweise ist die Krebsmortalitéat bei Kindern und Jugendlichen von 2000
bis 2010 weiter zuriickgegangen (2) und die mittlere 5-Jahres-Uberlebensrate Uber
alle Tumorformen hinweg betragt in den entwickelten Landern 80 % (3). Die Zahl der
Uberlebenden einer Krebserkrankung im Kindes- oder Jugendalter in Europa wird im
Jahr 2020 auf fast 500.000 geschéatzt (4). Aufgrund der wachsenden Zahl der
Uberlebenden riickt zunehmend auch die Minimierung von Spétfolgen der
onkologischen Behandlung in den Vordergrund, um die Lebensqualitat der Betroffenen
zu verbessern. Uberlebenden von Krebs im Kindes- und Jugendalter haben noch ihr
ganzes Erwachsenenleben vor sich. Jedoch erleiden etwa zwei Drittel der

Uberlebenden durch die Krebsbehandlung verursachte Spétfolgen (5, 6).

Eine mogliche Spéatfolge der onkologischen Behandlung ist die Beeintrachtigung der
Fruchtbarkeit. Das Risiko fur eine Fruchtbarkeitsstérung ist von verschiedenen
Faktoren abhangig, wie der Art der Erkrankung, dem Alter zum Zeitpunkt der
Behandlung sowie der Therapieform und -intensitat (7, 8). Bei etwa einem Drittel der
in ihrer Kindheit oder Jugend wegen Krebs behandelt ehemaligen Patient*innen
wurden Fertilitatsschadigungen festgestellt, welche zu einer Verkirzung des
fruchtbaren Zeitfensters oder zur ganzlichen Unfruchtbarkeit fihrten (9, 10). Bei
Patient*innen, die eine allogene hamatopoetische Stammzelltransplantation erhalten
hatten, zeigten sogar Giber zwei Drittel Anzeichen einer Fruchtbarkeitsbeeintrachtigung
(11). Vereinzelt ist innerhalb einiger Jahre nach Chemo- und/oder Strahlentherapie

jedoch auch eine Erholung der Gonadenfunktion moéglich (12).

Auch wenn die fruchtbarkeitsbezogene Sorge vielleicht zunachst als untergeordnetes
Problem im Vergleich zu einer lebensbedrohlichen Erkrankung erscheint, wiinschen
sich nach Uberstandener Krebserkrankung im Kindes- oder Jugendalter die Mehrheit
der Betroffenen ein eigenes Kind (13, 14). Ehemalige Krebspatient*innen, die nach
ihrer Erkrankung ihren Kinderwunsch erfillen konnten, verbanden die Elternschaft mit
Dankbarkeit, Glick und dem Gefiihl von Normalitat (15). Dementgegen wurde
insbesondere bei kinderlosen Uberlebenden die Sorge iber eine therapiebedingte
Unfruchtbarkeit mit einer Verminderung des psychischen Wohlbefindens und der
Lebensqualitat in Verbindung gebracht (16).



Klinische Praxisleitlinien empfehlen eine frihzeitige Aufklarung der Patient*innen tber
das Infertilitatsrisiko durch die onkologische Behandlung und die verfigbaren
fertilitatserhaltenden MaRnahmen und/oder die Uberweisung zu einer Fachperson fir
Reproduktionsmedizin, um die Mdglichkeit zum Fertilitdtserhalt zu schaffen (17).
Fertilitatserhaltende Maflinahmen sollten moglichst vor Beginn der onkologischen
Behandlung ergriffen werden. Die Kryokonservierung von Spermien ist eine gut
etablierte Methode fur postpubertare méannliche Patienten (18-20). Zu den Optionen
fur postpubertare weibliche Patientinnen gehdren die Kryokonservierung von Eizellen
oder Ovarialgewebe (18, 21-23). Liegen die Ovarien bei einer Strahlentherapie im
Bestrahlungsfeld, so ist je nach Strahlendosis sowohl bei pré- als auch postpubertéren
Patientinnen eine chirurgische Transposition der Ovarien zu erwéagen (21, 22). Bei
prapubertaren Patient*innen ist Kryokonservierung bislang nur experimentell moglich,
da die In-Vitro-Maturation von prapubertarem Gonadengewebe noch keine etablierte
Methode darstellt (18, 19, 21).

Die Rate der jungen Patient*innen, die vor einer onkologischen Behandlung
fertilitatserhaltende Mal3nahmen ergreifen, variiert: In einer Studie mit 43 ehemaligen
Patient*innen, die im Alter von 14 bis 18 Jahren mit Krebs diagnostiziert wurden, hatten
28 % der mannlichen und keine der weiblichen Teilnehmenden fertilititserhaltende
Maflinahmen vor der Behandlung ergriffen (24). Klosky et al. berichteten, dass von 146
mannlichen Jugendlichen, die neu mit Krebs diagnostiziert wurden, 53 % einen
Sammelversuch unternahmen und 44 % erfolgreich Spermien gewinnen konnten (25).
In einer anderen Studie mit 550 Jugendlichen und jungen Erwachsenen, die im Alter
von 15 bis 39 Jahren an Krebs erkrankt waren, hatten 49 % der ménnlichen und 22 %

der weiblichen Teilnehmenden MaRnahmen zum Fertilitatserhalt ergriffen (26).

Haufig erinnern sich Krebsuberlebende nicht daran, bei Diagnosestellung tber das
Risiko fur eine Unfruchtbarkeit informiert worden zu sein (27, 28). Eine systematische
Ubersichtsarbeit von Logan et al. kam zu dem Ergebnis, dass die Empfehlungen der
aktuellen Leitlinien zum Fertilitatserhalt bei onkologischen Patient*innen oftmals nicht
umgesetzt werden, so werden Patient*innen im reproduktionsfahigen Alter nicht
ausreichend uber das Risiko fur mogliche Fertilitatsbeeintrachtigungen informiert und
selten an Fachpersonen flr Reproduktionsmedizin Uberwiesen (29). Barrieren von
Seiten der behandelnden Arzt*innen, die einer Fertilitatsdiskussion im Wege stehen,
sind beispielsweise Unkenntnis (ber Fertilitatsrisiken und fertilitdtserhaltende
MaRnahmen, fehlende Vertrautheit mit den Uberweisungsprozessen, Zweifel an den
7



Erfolgsraten ~ der  fertilitatserhaltenden ~ MalBnahmen  sowie = mangelnde
Ubereinstimmung mit den Leitlinien bezuglich Fertilitatserhalt (30). Ein Mangel an
zeitlichen Ressourcen kann ebenfalls zu einer unzureichenden Thematisierung von

Seiten der behandelnden Arzt*innen beitragen (31).

Dabei ist eine ausfuhrliche und verstandliche Aufklarung Gber die Auswirkungen der
Krebsbehandlung auf die Fertilitatt und Mdoglichkeiten des Fertilitdtserhalts
Voraussetzung daflr, dass die zur Verfigung stehenden Mdglichkeiten
eigenverantwortlich genutzt oder abgelehnt werden konnen (13). Jugendliche
Krebspatient*innen wiinschen sich diesbezlglich umfassende Informationen, jedoch
unterschatzen Eltern und medizinisches Fachpersonal manchmal die Bedeutung von
Fertilitat fur die Betroffenen (32). Werden Informationen zu Fertilitatsrisiken und
Fertilitatserhalt auf eine einfihlsame, unterstitzende Art vermittelt, kann dies zum
sozialen Wohlbefinden der jungen Krebspatient*innen beitragen (33). Dartiber hinaus
kann die Thematisierung von Fertilitatserhalt von den Patient*innen und ihren Familien
als Zeichen der Hoffnung fur die Zukunft gesehen werden (34). Patient*innen, die Gber
eine mogliche Fertilitatsbeeintrachtigung informiert wurden, lieRen zudem ihren
Fertilitatsstatus haufiger Uberprifen und erhéhten somit ihre Chancen auf eine
biologische Elternschaft (13).

Neben ausreichender Zeit fur eine ausfuhrliche Aufklarung tber Fertilitatsrisiken und
Moglichkeiten des Fertilitdtserhalts konnen Patient*innen auch durch die Bereitstellung
von altersentsprechendem schriftichem Informationsmaterial bei behandlungs-
bezogenen Entscheidungen unterstitzt werden (35). Unter erwachsenen
Krebspatient*innen gab eine grof3e Mehrheit derer, die von ihren behandelnden
Arztxinnen schriftliches Aufklarungsmaterial tiber Fruchtbarkeit erhalten hatten an,
dass sie das Material als hilfreich empfunden hatten (36). Dabei kénnen
Aufklarungsmaterialien sowohl Arzt*innen im Kommunikationsprozess unterstiitzen
als auch das Verstadndnis und Erinnerungsvermdgen auf Seiten der Patient*innen
verbessern. Da fertilitatserhaltende Mal3nahmen bei an Krebs erkrankten Kindern und
Jugendlichen jedoch nach wie vor zu wenig genutzt werden, ist weitere Forschung

notwendig, um die Zahl der verpassten Gelegenheiten zu reduzieren (37).

Zielsetzung

In der vorliegenden Studie wurde zunachst die aktuelle Praxis der FertilitAtsaufklarung

fur jugendliche Krebspatient*innen in vier europaischen Landern erhoben.
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Anschliel3end wurde untersucht, ob und auf welche Weise die Aufklarung durch die
Einbindung von altersentsprechendem und laienverstandlichem Informationsmaterial
Uber behandlungsbedingte Fruchtbarkeitsrisiken und Optionen zum Fertilitatserhalt
beeinflusst wird. Folgende Endpunkte wurden hierbei betrachtet: 1) Wissen Uber
Fertilitat, 2) selbstverantwortliche Entscheidungsfahigkeit und 3) Inanspruchnahme

fertilitatserhaltender MaRnahmen.
1.3 Methodik

Studiendesign

Im Rahmen von PanCareLIFE, einem durch das Siebte Rahmenprogramm der
Europaischen Gemeinschaft fur Forschung, technologische Entwicklung und
Demonstration geférderten Projekt (Grant Agreement Nr. 602030), fuhrten wir eine
prospektive, internationale, multizentrische, klinische Interventionsstudie zur
Patientenaufklarung durch. Die Studie wurde unter der Leitung von Professor Dr. med.
Anja Borgmann-Staudt an der Charité — Universitatsmedizin Berlin in 11 padiatrisch-
onkologischen Abteilungen in Deutschland, Osterreich, Polen und der Tschechischen
Republik durchgefihrt. Die Interventionsstudie wurde in zwei Studienphasen
durchgefuhrt: Zwischen Mérz 2014 und Januar 2016 wurden Patient*innen und deren
Eltern fur die Kontrollgruppe rekrutiert und von April 2016 bis Oktober 2017 erfolgte
die Rekrutierung fur die Interventionsgruppe. Alle Patient*innen, die innerhalb des
Studienzeitraums in den teilnehmenden Kliniken aufgenommen wurden und die

Einschlusskriterien erfullten, wurden eingeladen, an der Studie teilzunehmen.

Ein- und Ausschlusskriterien

Alle neu diagnostizierten Patient*innen im Alter von = 13 Jahren, bei denen eine
Chemotherapie und/oder Strahlentherapie erforderlich war, kamen fir eine
Studienteilnahme in Frage. Patient*innen mit Tumorrezidiv, sekundéaren Malignomen
oder einer ungunstigen Prognose zum Zeitpunkt der Diagnosestellung wurden
ausgeschlossen, sowie Patient*innen, die der geschriebenen Landessprache nicht

machtig waren oder kognitive Beeintrachtigungen aufwiesen.

Ethische Grundlagen und Datenschutz

Die koordinierende Studienzentrale an der Charité — Universitatsmedizin Berlin erhielt
am 04.04.2014 ein positives Ethikvotum von dem lokalen Ethikkomitee (EA2/155/11).
Die teilnehmenden Kliniken erhielten jeweils von ihren lokalen Ethikkommissionen
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positive Ethikvoten. Bei der Erhebung und Aufbewahrung der personenbezogenen
Daten wurden anerkannte DatenschutzmalRnahmen angewendet. Die Datenerfassung
und Auswertung erfolgten pseudonymisiert. Nur die erhebende Klinik war in der Lage,
den Patientennamen der jeweiligen Identifikationsnummer  zuzuordnen.

Patientennamen wurden nicht an das koordinierende Studienzentrum Ubermittelt.

Datenerhebung

Fur die Teilnahme wurde in beiden Studiengruppen die schriftliche Einwilligung der
Patient*innen und der Erziehungsberechtigten eingeholt. Die teilnehmenden
Patient*innen und ihre Eltern wurden gebeten zu zwei Zeitpunkten nach Diagnose-
stellung (Zeitpunkt tO nach drei Monaten und Zeitpunkt t1 nach sechs Monaten) jeweils
einen Fragebogen! auszufillen. Die papierbasierten Fragebdgen wurden von den
Teilnehmenden personlich wahrend des stationaren Aufenthalts oder bei
Klinikterminen ausgefullt. Neben Fragen zur Erinnerung an erhaltene
Patientenaufklarung, zur Einschatzung des eigenen Fertilitatsrisikos sowie
Wissensfragen zu Fertilitdt und fertilitatserhaltenden MafRnahmen wurden in den
Fragebbogen auch soziobkonomische Daten erhoben. Die Kerndaten der
Patient*innen, einschliel3lich Diagnose und Therapieschema, wurden aus

medizinischen Aufzeichnungen gewonnen.

Durchfilhrung

In der ersten Phase der Studie wurde in der Kontrollgruppe die ,Patientenaufklarung
nach dem derzeit Ublichen Standard“ evaluiert. Hierbei erhielten die Patient*innen bei
Diagnosestellung ein regulares Aufklarungsgesprach, orientiert an den Protokollen der
Therapieoptimierungsstudien (TOS) der Fachgesellschaft fur Padiatrische
Hamatologie und Onkologie (GPOH). In der zweiten Phase der Studie erfolgte die
,Patientenaufklarung mit Intervention®. Hierfur wurde im Vorfeld der Studie gemeinsam
mit Fachexpert*innen, Patient*innen und Angehdrigen altersentsprechend illustriertes,
geschlechtsspezifisches und laienverstandliches Patienteninformationsmaterial
(Informationsblatter und Broschiren) Uber Fertilitatsrisiken sowie mogliche
fertilitatserhaltende MafRnahmen entwickelt und in die weiteren Sprachen (Polnisch

und Tschechisch) Ubersetzt. Den Teilnehmenden der Interventionsgruppe wurde im

1 Die Studienfragebdgen sind online verfligbar unter:
https://kinderonkologie.charite.de/forschung/ag_borgmann_staudt/pancarelife_interventionstudy patie
nt_education_2013 2018/
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Aufklarungsgesprach bei  Diagnosestellung zunachst das Informationsblatt
ausgehandigt. Das Informationsblatt enthielt einen Abschnitt, in dem der*die
aufklarende  ArztYin  gemeinsam mit dem*der  PatientXin und den
Erziehungsberechtigten das individuelle Fertilitatsrisiko bei der geplanten Therapie als
hohes, mittleres oder geringes Risiko einstufte. Die Risikoeinstufung der geplanten
Therapie konnte der Leitlinie der Arbeitsgemeinschaft der Wissenschaftlichen
Medizinischen Fachgesellschaften (AWMF) zu Fertilitdtserhalt bei onkologischen
Erkrankungen entnommen werden. Die Patient*innen konnten auf3erdem angeben, ob
sie weitere Fragen hatten und ob sie fertilititserhaltende MalRnahmen ergreifen
wollten. Nach dem Ausfillen des ersten Fragebogens zum Zeitpunkt tO erhielten die
Patient*innen die oben beschriebene Patientenbroschire mit ausfihrlicheren

Informationen.

Ergebnisvariablen

Das Ergebnis der ,Patientenaufklarung mit Intervention® wurde an folgenden
Endpunkten gemessen und im Vergleich zu den Ergebnissen der Kontrollgruppe

evaluiert:
1) Wissen uber Fertilitat

Die Hypothese lautete, dass Patient*innen der Interventionsgruppe sowie deren Eltern
nach der Aufklarung Uber ein groReres reproduzierbares Wissen hinsichtlich der
vermittelten Inhalte verfigen als Patient*innen und Eltern der Kontrollgruppe. Das
Wissen uber Fertilitat wurde dabei anhand von sechs geschlechtsspezifischen
Multiple-Response-Fragen mit insgesamt 37 Antwortmdglichkeiten getestet. Die
Fragen bezogen sich auf folgende Themen: Risikofaktoren fir Unfruchtbarkeit,
Zeichen fur Fruchtbarkeit, Hormonersatzbehandlung, fertilitdtserhaltende Mal3hahmen
vor und nach der Pubertat sowie Moglichkeiten der kinstlichen Befruchtung. Fur jede
richtige Antwort wurden zwei Punkte vergeben, sodass die Spannweite von 0 bis 74
Punkten reichte. Als ausreichendes Wissen wurde definiert, wenn mindestens 50 %

der maximalen Punktzahl erreicht wurden (= 37 Punkte).
2) Selbstverantwortliche Entscheidungsfahigkeit

Die Hypothese lautete, dass Patient*innen und Eltern der Interventionsgruppe sich
subjektiv eher in die Lage versetzt sehen, eine Entscheidung fur sich selbst bzw. fur
das eigene Kind hinsichtlich der Inanspruchnahme fertilitatserhaltender Mal3hahmen

zu treffen als Patient*innen und Eltern der Kontrollgruppe. Die selbstverantwortliche
11



Entscheidungsfahigkeit von Patient*innen und Eltern wurde anhand der folgenden
Aussage erhoben: ,Ich flhle mich durch die gegebene Information genlgend
informiert, um eine Entscheidung flr mich/mein Kind zu treffen“. Antwortmaéglichkeiten
reichten von ,stimme gar nicht zu“, ,stimme eher nicht zu“, ,teils, teils®, ,stimme eher
zu“ und ,stimme voll und ganz zu“. Von einer ausreichenden selbstverantwortlichen
Entscheidungsfahigkeit wurde ausgegangen, wenn die Teilnehmenden ,stimme eher

zu“ oder ,stimme voll und ganz zu“ angaben.
3) Inanspruchnahme fertilitatserhaltender Malinahmen

Die Hypothese lautete, dass Patient*innen aus der Interventionsgruppe haufiger
fertilitatserhaltende Malinahmen in Anspruch nehmen als Patient*innen der
Kontrollgruppe. Die Information, ob vor der Behandlung mit Chemotherapie und/oder
Strahlentherapie eine Kryokonservierung erfolgte, wurde den medizinischen
Aufzeichnungen entnommen. Zudem gaben alle teilnehmenden Kliniken Auskunft

Uber die Verfugbarkeit von fertilitatserhaltenden Mal3nahmen.

Statistische Methoden

Die Datenanalysen wurden mit der IBM SPSS Statistik-Software, Version 24,
durchgefuhrt. Univariate Analysen wurden mittels nichtparametrischer Tests (Mann-
Whitney-U-Test, Kruskal-Wallis-Test, Chi-Quadrat-Test) zum a-Niveau von 5 %
durchgefihrt. EffektgréfZen (d = 0,20-0,50 kleiner Effekt, d = 0,50-0,80 mittlerer Effekt
und d > 0,80 grof3er Effekt) wurden berechnet (38), um die praktische Relevanz der
Ergebnisse abzuschétzen. Der Vergleich des Wissenserwerbs zu fertilitdtsassoziierten
Themen zwischen den Studiengruppen wurde mittels einseitigem (one-tailed) t-Test
fir unabhangige Stichproben zum a-Niveau von 5 % getestet. Dabei wurden
Unterschiede in den Mittelwerten zwischen den beiden Studiengruppen verglichen.
Dabei resultierende p-Werte wurden nach Bonferroni fir multiples Testen adjustiert.
Missing Values wurden listenweise ausgeschlossen. Multivariable Analysen wurden
mittles binar logistischer Regression durchgefthrt, um Odds Ratios (OR) mit 95 %
Konfidenzintervallen (CI) zu schatzen. Zu diesem Zweck wurde die Ergebnisvariable
Wissen Uber Fertilitdt anhand des oben beschriebenen Grenzwertes von 50 % der
erreichten Gesamtpunktzahl in zwei Gruppen dichotomisiert (1. Gruppe < 50 %, 2.
Gruppe = 50 %). Gemal3 einer mit GPower durchgefihrten Power-Analyse (39) war
eine Gesamtstichprobengréf3e von n = 184 erforderlich, um Odds Ratios von = 1,7 bei

einem Signifikanzniveau von 5 % und einer Power von 80 % zu detektieren. Das
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Bildungsniveau der Eltern wurde nach der International Standard Classification of
Education (ISCED 1997) bestimmt (40) und in drei Bildungsniveaugruppen (niedrig,

mittel und hoch) stratifiziert.
1.4 Ergebnisse

Die Ergebnisse der Datenanalysen zum Teilnehmerkollektiv einschlief3lich der Nicht-
Teilnehmenden, der aktuell gangigen Patientenaufklarung, zum Einfluss der
Intervention auf das Wissen udber Fertilitat und die selbstverantwortliche
Entscheidungsfahigkeit sowie die Inanspruchnahme von Kryokonservierung wurden in
Form von Originalartikeln (41-43) publiziert. Im Folgenden werden die pragnantesten
Ergebnisse dieser Analysen dargestellt. Wenn nicht anders angegeben, beziehen sich
die Ergebnisse auf die Daten, die mit dem ersten Fragebogen zum Zeitpunkt tO

erhoben wurden.

Stichprobencharakteristika

Im Zeitraum der Datenerhebung fur die Kontrollgruppe erfillten 142 Patient*innen die
Einschlusskriterien, von denen 113 an der ersten Fragebogenerhebung drei Monate
nach Diagnosestellung (t0) teilnahmen, was einer Rucklaufquote von 79,6 %
entspricht. An der zweiten Fragebogenerhebung sechs Monate nach Diagnosestellung
(t1) nahmen 106 Patient*innen (74,6 %) teil. Im Zeitraum der Datenerhebung flr die
Interventionsgruppe erfillten 134 Patient*innen die Einschlusskriterien, von denen 101
(75,4 %) an der ersten Fragebogenerhebung (t0) und 98 (73,1 %) an der zweiten

Fragebogenerhebung (t1) teilnahmen.

Von insgesamt 214 teilnehmenden Patient*innen (Kontroll- und Interventionsgruppe)
waren 118 (55,1 %) mé&nnlich. Das mittlere Alter bei Diagnosestellung betrug 15,46
Jahre, der Altersmedian lag bei 16 Jahren und die Altersspanne reichte von 12 bis 19
Jahren. Die haufigsten Diagnosen waren Lymphome (89/214, 41,6 %) und Leukamien
(38/214, 17,8 %), gefolgt von Knochentumoren (35/214, 16,4 %) und Keimzelltumoren
(23/214, 10,7 %). Es zeigten sich keine signifikanten Unterschiede zwischen den
teiinehmenden Patient*innen der Kontroll- und Interventionsgruppe hinsichtlich des
Geschlechts, des Alters bei Diagnosestellung, der Verteilung der Krebsdiagnosen und
des Landes der behandelnden Kilinik. Die Non-Responder-Analysen ergaben keine
signifikanten Unterschiede zwischen Teilnehmenden und Nicht-Teilnehmenden
hinsichtlich des Geschlechts, des Alters bei Diagnosestellung und der Verteilung der

Krebsdiagnosen.
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Von den Eltern nahmen in der Kontrollgruppe 111/142 (78,2 %) an der ersten
Fragebogenerhebung (t0) und 103/142 (72,5 %) an der zweiten Fragebogenerhebung
(t1) teil. In der Interventionsgruppe nahmen 99/134 Eltern (73,9 %) an der ersten
Fragebogenerhebung (t0) und 95/134 (70,9 %) an der zweiten Fragebogenerhebung
(t1) teil. Von den 210 teilnehmenden Eltern waren 169 leibliche Mitter (80,5 %) und
30 leibliche Vater (14,3 %), 3 waren weibliche Erziehungsberechtigte (1,4 %) und ein

Teilnehmer war ein méannlicher Erziehungsberechtigter (0,5 %).

Aktuelle Praxis der Fertilitatsaufklarung (41)

Zur Erfassung der aktuell gangigen Patientenaufklarung zum Thema Fertilitdt wurde
eine Auswertung der Daten der Kontrollgruppe vorgenommen. Hierbei gaben 80,2 %
(89/111) der teilnehmenden Patient*innen an, vor der Behandlung Uber das Risiko
einer behandlungsbedingten Unfruchtbarkeit aufgeklart worden zu sein, wobei sich ein
signifikanter Unterschied nach Altersgruppe herausstellte. Demnach gaben 13- bis 15-
jahrige Patient*innen seltener an, aufgeklart worden zu sein als altere Patient*innen
(64,1 % vs. 87,2 % bei den 16- bis 17-Jéahrigen und 90,9 % bei den = 18-Jahrigen,
p = 0,007). An eine Aufklarung tiber Moglichkeiten zum Fertilitatserhalt erinnerten sich
73,2 % (82/112) der Patient*innen. Von den Befragten gaben 52,3 % (57/109) an, dass
sie sich ausreichend informiert fihlten, um eine Entscheidung dber die
Inanspruchnahme fertilitdtserhaltender Mal3nahmen zu treffen. Hinsichtlich der
selbstverantwortlichen Entscheidungsfahigkeit konnten signifikante Unterschiede
beziglich Altersgruppe, Erhalt von Informationen Uber das Risiko einer
behandlungsbedingten Unfruchtbarkeit und Uber fertilitdtserhaltende MalRnahmen
aufgezeigt werden. GegenlUber é&lteren Patient*innen gaben die Befragten der
Altersgruppe der 13- bis 15-Jahrigen seltener an, sich ausreichend informiert zu fihlen
(31,6 % vs. 60,5 % bei den 16- bis 17-Jédhrigen und 66,7 % bei den = 18-Jahrigen,
p = 0,026). Patient*innen, die angaben, Uber das Risiko einer behandlungsbedingten
Unfruchtbarkeit informiert worden zu sein, stimmten haufiger der Aussage zu, durch
die gegebene Information eine Entscheidung fir sich treffen zu koénnen als
Patient*innen, die sich nicht erinnerten informiert worden zu sein (63,2 % vs. 9,5 %,
p < 0,001). Patient*innen, die angaben, Informationen Uber fertilitdtserhaltende
MalBnahmen erhalten zu haben, gaben ebenfalls haufiger an, sich ausreichend
informiert zu fuhlen als Patient*innen, die sich nicht an eine solche Information erinnern
konnten (61,7 % vs. 25,0 %, p < 0,001).
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Auswertung der Intervention

Die Auswertung der ,Patientenaufklarung mit Intervention® anhand der zuvor

definierten Endpunkte ergab folgende Ergebnisse:
1) Wissen Uber Fertilitat (42)

Die Patient*innen der Interventionsgruppe erreichten im Durchschnitt hohere Werte
bezliglich des Wissens uber Fertilitdt als die der Kontrollgruppe. Ein Vergleich der
Mittelwerte beider Studiengruppen erbrachte einen Unterschied von 1,62 zum
Zeitpunkt tO und von 2,17 zum Zeitpunkt t1 (beide nicht statistisch signifikant). Mittels
binar logistischer Regression? konnten Zusammenhange fir das Erreichen eines
ausreichenden Wissensstandes uber Fertilitat mit dem Alter und dem Geschlecht
ermittelt werden. Demnach erhohte sich die Chance® fir das Erreichen eines
ausreichenden Wissensstandes mit steigendem Alter der Patient*innen pro Jahr um
ca. 26 % (OR = 1,26, ClI: 1,04-1,53) und fur Patientinnen verglichen mit mannlichen
Patienten um mehr als das Dreifache (OR = 3,27, CI: 1,84-5,81).

In der Elternkohorte erreichten die teilnehmenden Eltern der Interventionsgruppe im
Durchschnitt hohere Werte beziglich des Wissens Uber Fertilitat als die Eltern der
Kontrollgruppe. Ein Vergleich der Mittelwerte zeigte einen Unterschied von 2,23 zum
Zeitpunkt t0 und von 2,2 zum Zeitpunkt t1 (beide nicht statistisch signifikant). Mittels
binar logistischer Regression* konnte eine hohere Chance fiir das Erreichen eines
ausreichenden Wissensstandes fur Eltern von alteren Kindern verglichen mit Eltern
jungerer Kinder (OR =1,32, CI: 1,07-1,62), fur Eltern mit einem hohen Bildungsniveau
verglichen mit Eltern mit einem niedrigen Bildungsniveau (OR = 6,21, ClI: 2,11-18,3)
sowie fur Eltern der Interventionsgruppe verglichen mit Eltern der Kontrollgruppe
(OR =1,95, CI: 1,03-3,71) ermittelt werden.

2) Selbstverantwortliche Entscheidungsfahigkeit (42)

Patient*innen der Interventionsgruppe gaben signifikant haufiger (p = 0,046, d = 0,27)

als die der Kontrollgruppe an, sich ausreichend informiert zu fihlen, um eine

2 In die Modellierung einbezogene Variablen: Geschlecht, Alter zum Zeitpunkt der Fragebogenerhebung
(in Jahren), Aufklarung mit oder ohne Intervention.

3 Im Folgenden wird Chance als statistischer Fachterminus im Sinne von ,0dds" verwendet.

4 In die Modellierung einbezogene Variablen: Geschlecht des Kindes, Alter des Kindes zum Zeitpunkt
der Fragebogenerhebung (in Jahren), Geschlecht der Eltern, Bildungsniveau der Eltern, Aufklarung mit
oder ohne Intervention.
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Entscheidung tber die Inanspruchnahme fertilitdtserhaltender Malinahmen zu treffen.
Mittels binar logistischer Regression® konnten das Alter der Patient*innen, der Erhalt
von Informationen Uber das Risiko einer behandlungsbedingten
Fertilitatseinschrankung, das eingeschatzte Fertilitatsrisiko sowie zum Zeitpunkt t1 das
Geschlecht als signifikante Pradiktoren far selbstverantwortliche
Entscheidungsfahigkeit ermittelt werden. Demnach erhohte sich die Chance, sich
ausreichend informiert zu fiihlen, pro Lebensjahr um 35 % (OR = 1,35, ClI: 1,06-1,72).
Fur Patienttinnen, die (Uber das Risiko einer behandlungsbedingten
Fertilitatseinschrankung informiert wurden, war die Chance, sich ausreichend
informiert zu fuhlen, um den Faktor 6,5 erhoht, verglichen mit denen, die sich nicht an
eine solche Information erinnerten (OR = 6,59, CI: 2,12-20,49). Des Weiteren wiesen
Patient*innen, die ihr Risiko fur Unfruchtbarkeit als hoch einschétzten, eine verringerte
Chance auf, sich ausreichend informiert zu fuhlen, verglichen mit denen mit einem als
niedrig eingeschatzten Risiko (OR = 0,27, CI: 0,09-0,87). Zum Zeitpunkt t1 war fir
Patientinnen die Chance, sich ausreichend informiert zu fuhlen, geringer als fur
mannliche Patienten (OR = 0,42, CI: 0,19-0,95).

Eltern der Interventionsgruppe gaben signifikant haufiger (p = 0,046, d = 0,48) als
Eltern der Kontrollgruppe an, dass sie sich ausreichend informiert fuhlten, um eine
Entscheidung zu treffen. Mittels binar logistischer Regression® konnte eine signifikant
hohere Chance, sich ausreichend informiert zu fuhlen, ermittelt werden fur Eltern, die
angaben, Informationen (Uber das Risiko einer behandlungsbedingten
Fertilitatseinschrankung (OR = 4,54, CI: 1,35-15,28) sowie Informationen Uber
fertilitatserhaltende MalRnahmen (OR = 30,53, CI: 6,41-145,39) erhalten zu haben,
verglichen mit Eltern, die solche Informationen nicht erhalten hatten. Bei Eltern von
Méadchen lag im Vergleich zu Eltern von Jungen die Chance, sich ausreichend
informiert zu fuhlen, bei lediglich 17 % (OR = 0,17, CI: 0,07-0,38).

5 In die Modellierung einbezogene Variablen: Geschlecht, Alter zum Zeitpunkt der Fragebogenerhebung
(in Jahren), Krebsdiagnose, Land der behandelnden Kilinik, Erhalt von Informationen tber das Risiko
einer behandlungsbedingten Fertilitdtseinschrankung und Uber fertilititserhaltende Maflnahmen,
eingeschéatztes Fertilitatsrisiko, Bildungsniveau der Eltern, Aufklarung mit oder ohne Intervention.

6 In die Modellierung einbezogene Variablen: Geschlecht des Kindes, Alter des Kindes zum Zeitpunkt
der Fragebogenerhebung (in Jahren), Krebsdiagnose, Land der behandelnden Klinik, Erhalt von
Informationen Uber das Risiko einer behandlungsbedingten Fertilitatseinschrankung und Uber
fertilitatserhaltende MaRnahmen, eingeschatztes Fertilitatsrisiko, Geschlecht der Eltern, Bildungsniveau
der Eltern, Aufklarung mit oder ohne Intervention.
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3) Inanspruchnahme fertilitatserhaltender Malinahmen (43)

In der Kontrollgruppe nutzten 46,7 % der mannlichen Patienten (28/60) und 17,0 %
der Patientinnen (9/53) eine Kryokonservierung vor Beginn der onkologischen
Behandlung. In der Interventionsgruppe nutzten 53,4 % der mannlichen Patienten
(31/58) und 14,0 % der Patientinnen (6/43) eine Kryokonservierung zum Fertilitats-
erhalt. Insgesamt lag die Kryokonservierungsrate in der Kontrollgruppe bei 32,7 %
(37/113) und in der Interventionsgruppe bei 36,6 % (37/101) (Unterschied nicht
statistisch signifikant). Mittels binar logistischer Regression’ konnte eine deutlich
verminderte Chance fir die Inanspruchnahme von Kryokonservierung fur Patientinnen
verglichen mit méannlichen Patienten ermittelt werden (OR = 0,14, CI: 0,06-0,33). Mit
steigendem Alter stieg die Chance der Inanspruchnahme von Kryokonservierung pro
Jahr um ca. 30 % an (OR = 1,30, CI: 1,02-1,66). Patient*innen, die Informationen Uber
fertilitatserhaltende MalRnahmen erhalten hatten, hatten eine deutlich hohere Chance,
Kryokonservierung zu nutzen als solche, die nicht informiert worden waren oder sich
nicht an eine solche Information erinnerten (OR = 10,69, CI. 2,06-55,55).
Subgruppenanalysen der Kontroll- und Interventionsgruppe zeigten aul3erdem, dass
die Inanspruchnahme von Kryokonservierung in der Interventionsgruppe neben dem
Geschlecht auch mit dem geschatzten Fertilitétsrisiko assoziiert war. Demnach war die
Chance, Kryokonservierung zu nutzen, deutlich héher bei den Patient*innen, die ihr
Fertilitatsrisiko als hoch einschétzten als bei denjenigen, die ihr Risiko fur eine
behandlungsbedingte Unfruchtbarkeit als niedrig bewerteten (OR = 43,67, Cl: 2,16—
883,97).

1.5 Diskussion

In der vorliegenden Studie wurden erstmalig systematisch Daten (ber die
Fertilitatsaufklarung von jugendlichen Krebspatient*innen in vier verschiedenen
europaischen Landern erhoben. Zudem wurde untersucht, wie sich eine Einbindung
von altersentsprechendem und laienverstandlichem Informationsmaterial auf das
Wissen uUber Fertilitat, die selbstverantwortliche Entscheidungsfahigkeit und die
Inanspruchnahme fertilitdtserhaltender Maf3nahmen auswirkt. Die Rucklaufquote war

hoch: 77,5 % aller jugendlichen Krebspatient*innen, die in den elf teiinehmenden

7 In die Modellierung einbezogene Variablen: Geschlecht, Alter zum Zeitpunkt der Fragebogenerhebung
(in Jahren), Krebsdiagnose, Land der behandelnden Klinik, Erhalt von Informationen tber das Risiko
einer behandlungsbedingten Fertilitdtseinschrankung und (ber fertilititserhaltende MalRnahmen,
eingeschatztes Fertilitatsrisiko, Aufklarung mit oder ohne Intervention.
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Studienkliniken neu diagnostiziert wurden und die Einschlusskriterien erflllten,

nahmen an unserer Studie teil.

Die aktuell Gbliche Fertilitatsaufklarung jugendlicher Krebspatient*innen wurde anhand
der Kontrollgruppe erfasst. Drei Monate nach Diagnosestellung gab die Mehrheit der
teilnehmenden Patient*innen an, vor Beginn der Krebsbehandlung eine Aufklarung
Uber das Risiko einer behandlungsbedingten Fruchtbarkeitseinschrankung und
Maoglichkeiten zum Fertilitatserhalt erhalten zu haben. Dies ist ein vielversprechendes
Ergebnis. Frihere Studien hatten gezeigt, dass sich ehemalige Patient*innen deutlich
seltener an eine Fertilitatsaufklarung erinnerten (13, 15). Dies konnte durch
verschiedene Faktoren bedingt sein: So wurde unsere Studienkohorte relativ zeitnah
nach Diagnosestellung und damit dem Aufklarungsgesprach befragt, sodass die
Erinnerungsverzerrung geringer sein konnte als bei vorangegangenen Studien, bei
denen die Zeitspanne zwischen Diagnosestellung und Befragung deutlich langer war.
Zudem sind in den letzten Jahren die Themen Unfruchtbarkeit und Fertilitatserhalt bei
Krebspatient*innen zunehmend in den Fokus der Forschung gertickt. Durch die
Veroffentlichung von klinischen Leitlinien steht den Arzt*innen heutzutage eine
bessere Wissensbasis fur die Patientenaufklarung zur Verfiigung. Weiterhin ist es
mdoglich, dass die aufklarenden Arzt*innen in den teilnehmenden Studienzentren einen
starkeren Fokus auf die Fertilitatsaufklarung gelegt haben, da sie von der laufenden
Studie wussten. Obwohl die Erinnerung an eine stattgefundene Aufklarung im
Allgemeinen hoch war, gab jedoch fast die Halfte der Patient*innen der Kontrollgruppe
an, dass sie sich nicht ausreichend informiert fihlten, um eine Entscheidung Uber die
Inanspruchnahme fertilitdtserhaltender Maflinahmen zu treffen. In einer Studie von
Oosterhuis et al. hatten sogar nur etwa ein Drittel der jugendlichen Krebspatient*innen
angegeben, dass sie mit dem Umfang der Informationen, die sie lber mdgliche
Auswirkungen der Behandlung auf die Fertilitdt erhalten hatten, zufrieden waren (44).
Daraus lasst sich schlussfolgern, dass die Qualitat der Aufklarung zu Fertilitatsrisiken
und fertilitatserhaltende MalRnahmen weiter verbessert werden sollte, um jugendliche

Krebspatient*innen bei der Entscheidungsfindung optimal zu untersttitzen.

In unserer Studie wurde des Weiteren untersucht, ob eine Verbesserung der Qualitat

der Patientenaufklarung durch die Verwendung von Informationsmaterial

(Intervention) erreicht werden kann. Sowohl die Patient*innen als auch die Eltern der

Interventionsgruppe erreichten im Durchschnitt einen hdéheren Wissenstand Uber

Fertilitat als die der Kontrollgruppe. Fur die Elternkohorte wurde ein Zusammenhang
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zwischen einer Aufklarung mit Intervention und dem Erreichen eines nach dem von
uns angelegten Mal3stab ausreichenden Wissens ermittelt. Deutlich wurde aul3erdem,
dass auch das Alter der Patient*innen mit dem Wissen uber Fertilitdt assoziiert ist.
Sowohl fur altere Patient*innen als auch fur Eltern alterer Kinder war die Chance
groRer, einen ausreichenden Wissensstand zu erreichen. Daraus lasst sich
schlussfolgern, dass jungere Patient*innen und ihre Familien seltener und/oder
weniger Informationen tber Fertilitdt erhalten als altere Jugendliche und ihre Familien.
Vadaparampil et al. beschrieben, dass das Alter eine Barriere bei der Entscheidung
des*der Arzt*in darstellt, Informationen tiber das Risiko einer Unfruchtbarkeit und der
Fertilitatserhaltung weiterzugeben (34). Das Erreichen eines ausreichenden
Wissensstandes war bei den Eltern auRerdem mit einem hdheren Bildungsniveau

assoziiert.

Der Stress, uber eine potenziell tddliche Krankheit informiert zu werden, kann das
Gedachtnis aufgrund einer dysfunktionalen Informationsverarbeitung negativ
beeinflussen (45). Dies unterstreicht, dass eingebundenes Informationsmaterial, auf
welches auch zu einem spéateren Zeitpunkt erneut zuriickgegriffen werden kann,
hilfreich sein kann, um nachhaltig zu informieren. Es sollte verstandlich tber relevante
Risiken und Prophylaxemdglichkeiten aufklaren, wobei die kognitiven Fahigkeiten und
das Bildungsniveau der Patient*innen sowie der Eltern bertcksichtigt und eine klare
und einfache Sprache verwendet werden sollte. Die Patient*innen der
Interventionsgruppe, die unser unterstiutzendes Informationsmaterial erhielten, nutzten
zum Wissenserwerb andere Medien wie beispielsweise das Internet signifikant
seltener als die Teilnehmenden der Kontrollgruppe (42). Wir nehmen an, dass
Informationsmaterial, das von medizinischem Fachpersonal personlich ausgehandigt
wird, nicht nur das Aufklarungsgespréach erleichtert, sondern auch zuverlassigere und
relevantere Informationen enthalt als durch Internetrecherchen erworbenes Wissen.
Zudem konnen in diesem Kontext aufkommende Fragen direkt fachlich fundiert

beantwortet werden.

Sowohl Patient*innen als auch Eltern der Interventionsgruppe gaben signifikant

haufiger an, sich ausreichend informiert zu fuhlen, um eine selbstverantwortliche

Entscheidung tber die Inanspruchnahme fertilitatserhaltender Malinahmen zu treffen.

Dabei erhohte der Erhalt von Informationen (ber das Risiko einer

behandlungsbedingten Fertilitatseinschrankung die Chance, dass sich Patient*innen

und Eltern ausreichend befahigt fuhlten, eine Entscheidung zu treffen. Niedrigeres
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Alter bei Patient*innen war mit einer geringeren Chance assoziiert, sich ausreichend
informiert zu fihlen. Eine Vermutung, die ndher untersucht werden sollte, ist, dass den
jungeren Patient*innen aufgrund eines niedigeren Wissenstandes Uber Fertilitdt die
Grundlage fiur eine informierte, selbstbestimmte Entscheidung fehlte. Sowohl fur
Patientinnen als auch deren Eltern bestand im Vergleich zu mannlichen Patienten bzw.
deren Eltern eine geringere Chance, sich ausreichend informiert zu fihlen, um eine
selbstverantwortliche Entscheidung zu treffen. Hierfir kénnen verschiedene Grinde
verantwortlich sein. Zum einen konnten vier der elf teiinehmenden Zentren keine
Kryokonservierungsmal3nahmen fur weibliche Patientinnen anbieten, dennoch waren
Informationen zu diesen Malinahmen in den Informationsblattern und Broschiren
enthalten. Zum anderen ist Fertilitatserhalt bei weiblichen Patientinnen komplexer und
invasiver als bei mannlichen Patienten, was die Entscheidungsfindung erschweren
kann. Weiterhin wurde gezeigt, dass auch fur Patient*innen, die ihr Risiko fur eine
behandlungsbedingte Unfruchtbarkeit als hoch einschatzten, eine geringere Chance
bestand, sich ausreichend informiert zu fihlen. Eine mogliche Erklarung hierfar ist,
dass Patient*innen, bei denen Krebs diagnostiziert wurde und die zusatzlich ein hohes
Risiko fur Unfruchtbarkeit aufweisen, Gefluhle der Hilflosigkeit erleben, die das Geflhl

der Selbstbestimmung untergraben.

Bezlglich der Inanspruchnahme fertilitatserhaltender Mallnahmen fuhrte die
Intervention nicht zu einer Erhdéhung der Gesamtrate der Kryokonservierung. Eine
multivariate Subgruppenanalyse zeigte jedoch unterschiedliche Zusammenhange fur
die Inanspruchnahme von Kryokonservierung in beiden Studiengruppen: Wéahrend in
der Kontrollgruppe die Nutzung der Kryokonservierung mit dem Geschlecht, dem Alter
und dem Erhalt von Information tber fertilitdtserhaltende MaRnahmen zusammenhing,
war die Nutzung von Kryokonservierung in der Interventionsgruppe mit dem
Geschlecht und dem geschatzten Risiko fur die Fruchtbarkeit assoziiert. Somit scheint
die Verwendung von Informationsmaterial bei der Patientenaufklarung die Chance fur
eine Inanspruchnahme von Kryokonservierung fur Patient*innen mit einem hohen
Fertilitatsrisiko und fir jingere Patient*innen zu erhdhen. In beiden Studiengruppen
konnte jedoch ein deutlicher Geschlechterunterschied bei der Inanspruchnahme von

Kryokonservierung beobachtet werden.

Die Halfte aller mannlichen Teilnehmer unserer Studie nutzte Kryokonservierung,

wohingegen nur ein deutlich geringerer Anteil der weiblichen Teilnehmerinnen dies tat.

Frihere Studien zeigten ebenfalls niedrigere Nutzungsraten von fertilitdtserhaltenden
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Malnahmen fur weibliche Patientinnen im Vergleich zu méannlichen Patienten unter an
Krebs erkrankten Jugendlichen und jungen Erwachsenen (24, 26, 46). Dieser
Unterschied kann dadurch erklart werden, dass die Kryokonservierung von Spermien
eine sichere, zuverlassige und gut verfiugbare Methode zum Fertilitatserhalt bei
postpubertaren mannlichen Jugendlichen darstellt (19, 20). Im Gegensatz dazu
erfordert die Kryokonservierung von Eizellen bei postpubertaren weiblichen
Jugendlichen eine hormonelle Stimulation und verzdgert daher den Beginn der
Krebsbehandlung, was bei vielen Krebserkrankungen im Jugendalter prohibitiv sein
kann (19, 21). Die Kryokonservierung von Ovarialgewebe kann unmittelbar
durchgefiihrt werden, ist jedoch chirurgisch invasiver (22) und birgt das Risiko einer
spateren Retransplantation von Krebszellen (47). Dartber hinaus sind die fur weibliche
Patientinnen in Frage kommenden Optionen zum Fertilitatserhalt nicht Uberall
verfugbar. In unserer Studie war in den teilnehmenden Studienzentren in der
Tschechischen Republik und Polen weder die Krykonservierung von Eizellen noch von
Ovarialgewebe verfugbar. Neben der Verfugbarkeit von fertilitatserhaltenden
MalRnahmen gibt es ebenfalls Unterschiede in der Finanzierung einer solchen
Behandlung (48, 49).

Es sollten Anstrengungen unternommen werden, Fertilitatsaufklarung in die
routineméafRige Krebsversorgung aller jugendlichen Patient*innen zu integrieren, damit
die Betroffenen und ihre Familien eine informierte Entscheidung beziglich
fertilitatserhaltender MalRnahmen treffen kdnnen und somit, falls gewinscht, ihre
Chancen auf biologische Nachkommenschaft erhéhen (13). Jugendliche und deren
Eltern schétzen es, trotz der Herausforderungen einer Krebsdiagnose Uber Fertilitat
und Konservierungsoptionen zu sprechen (50). Die Qualitdt und Haufigkeit von
Fertilitatsaufklarungen kann durch Schulungen zum Wissenserwerb, zum Erkennen
personlicher Voreingenommenheit und zur Verbesserung der Kommunikations-
fahigkeiten sowie durch die Einbeziehung des gesamten medizinischen Teams
verbessert werden (51). Die Einflhrung eines ,Toolkits* fir Arzt*innen zum Thema
Fertilitatserhalt hat gezeigt, dass sich das Vertrauen der Arzttinnen in die
Bereitstellung aktueller Informationen fir Patient*innen deutlich verbessert hat (52).
Um Eltern von Kindern und Jugendlichen bei informierten Entscheidungen beztiglich
fertilitatserhaltender MalRnahmen zu unterstiitzen, wurde eine Entscheidungshilfe von
Eltern und Arzt*innen als relevant und anerkannt befunden, und die Eltern berichteten

Uber ein verbessertes Verstandnis von Unfruchtbarkeit und fertilitdtserhaltenden
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Malnahmen (53). Die Implementierung eines standardisierten Prozesses fur die
Kryokonservierung von Spermien sowie die Konsultation eines Fertilitdtsspezialisten
war mit erhohten Kryokonservierungsraten bei an Krebs erkrankten mannlichen
Jugendlichen und jungen Erwachsene assoziiert (25, 54). In einer systematischen
Ubersichtsarbeit wurden die Kernkomponenten eines Versorgungsmodells fir
Onkofertilitdt identifiziert: Die Dienste sollten Uber sichere und zuverlassige
Uberweisungswege verfiigen, eine altersgerechte Versorgung bieten und eine
medizinische und psychologische Betreuung von der Diagnosestellung Uber die
gesamte Uberlebenszeit hinweg umfassen (55). Die Implementierung von
fertilititsbezogener psychologischer Unterstitzung in die Regelversorgung kann far
Patienttinnen und Uberlebende von groRem Nutzen sein, da fertilititsbezogene
Sorgen und ein unerfillter Kinderwunsch mit h6heren Raten an psychischer Belastung
und psychischen Erkrankungen verbunden sind (56).

Limitationen

Um Selektionsverzerrungen zu vermeiden, wurden die Ein- und Ausschlusskriterien
konsekutiv auf alle neu diagnostizierten jugendlichen Krebspatient*innen angewendet,
die wahrend des Studienzeitraums in den elf teilnehmenden Zentren aufgenommen
wurden. Um die Selbstselektion zu Uberprifen, wurden auch die Basisdaten der Non-
Responder erhoben. Die Non-Responder waren hinsichtlich des Geschlechts, Alters
und der Krebsdiagnosen mit den Respondern vergleichbar. Der Einfluss anderer
Faktoren, die die Selbstselektion potenziell beeinflussen kénnten (wie beispielsweise
das Bildungsniveau der Eltern), kann nicht mit Sicherheit ausgeschlossen werden, da

diese Non-Responder-Daten nicht verfiigbar waren.

Des Weiteren ist eine Beeinflussung der Aufklarungspraxis seitens der teilnehmenden
Arzt*innen durch die Studienteilnahme nicht auszuschlieRen. Trotz der Anweisung, die
Patientenaufklarung in der Kontrollgruppe nach dem derzeit angewendeten Standard
durchzufiihren, kénnten die Arzt*innen in den teilnehmenden Zentren bereits in der
Kontrollphase ausfuhrlicher und haufiger tiber das Thema Fertilitdt gesprochen haben,
da sie Uber die laufende Studie informiert waren. Dies konnte die Validitat der
Ergebnisse insofern beeintrachtigen, als dass eigentlich starker existierende
Unterschiede zwischen Kontroll- und Interventionsgruppe hinsichtlich  der

untersuchten Fragestellungen mdglicherweise nivelliert wurden. Die Pravalenz der
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Inanspruchnahme von Kryokonservierung kdnnte deshalb in den teilnehmenden

Zentren ebenfalls hoher sein als Ublich.

Weiterhin muss als limitierender Faktor bericksichtigt werden, dass sich die
Verfugbarkeit von fertilitatserhaltenden Mal3nhahmen in den teilnehmenden Zentren
unterschied und die Inanspruchnahme mit unterschiedlichen Kosten fir die
Patient*innen und ihre Familien verbunden war. Die Kryokonservierung von Spermien
war in allen vier Landern verfligbar. Die Kryokonservierung von Eizellen und
Hodengewebe war nur in Deutschland verfugbar, die Kryokonservierung von
Ovarialgewebe nur in Deutschland und Osterreich. Eine Transposition der Ovarien war
nur in Deutschland und der Tschechischen Republik verfiugbar. Um Unterschiede
sowohl in der Aufklarungspraxis als auch der Verfugbarkeit von fertilitatserhaltenden
Malnahmen statistisch kontrollieren zu kdnnen, wurde das Land der behandelnden
Klinik in den multivariaten Analysen als potenzieller Stérfaktor berticksichtigt. Dartuber
hinaus beeinflusst der pubertare Status die zur Verfligung stehenden Optionen zum
Fertilitatserhalt, den wir in unserer Studie nicht explizit erhoben haben. Wir hatten das
Einschlusskriterium Alter nach dem durchschnittlichen Alter der Menarche und
Spermarche festgelegt, was auch bedeuten kann, dass einzelne Patient*innen noch
nicht die Pubertat erreicht hatten. FUr prapubertdre Patient*innen bietet die
Kryokonservierung von Gonadengewebe gegenwartig nur begrenzte Chancen auf
biologische Nachkommen, womit die Entscheidungsfindung fir die betroffenen Eltern
eine grol3ere Herausforderung darstellt (57).

Einige Ergebnisse der logistischen Regression weisen breite Konfidenzintervalle auf,
was auf unsichere Schéatzungen schliel3en lasst. Es ware deshalb sinnvoll, die hier
verfolgten Fragestellungen in weiteren Studien mit gréReren Stichproben zu

untersuchen, um die Verlasslichkeit der Befunde zu erh6hen.

Zusammenfassung und Schlussfolgerung

Bei der Erfassung der derzeit Ublichen Patientenaufklarung in der Kontrollgruppe
zeigte sich, dass sich ein relativ hoher Anteil der Studienteilnehmenden daran erinnern
konnte, vor der onkologischen Behandlung Informationen Uber das
behandlungsbedingte Risiko fir Unfruchtbarkeit und Uber Mdglichkeiten des
Fertilitatserhalts erhalten zu haben. Viele Patient*innen fuhlten sich jedoch nicht
ausreichend informiert, um eine Entscheidung Uuber die Inanspruchnahme

fertilitatserhaltender Malinahmen zu treffen. In der Interventionsgruppe, bei der die
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Patientenaufklarung durch speziell entwickeltes Informationsmaterial unterstitzt
wurde, zeigten Patient*innen und Eltern einen héheren Wissensstand tber Fertilitat
und fuhlten sich haufiger ausreichend informiert, um eine selbstverantwortliche
Entscheidung bezuglich der Inanspruchnahme von fertilitdtserhaltenden Malinahmen
zu treffen. Jedoch zeigte sich, dass insbesondere bei jingeren Patient*innen weiterer
Bedarf besteht, um diese ausreichend =zu informieren und ihnen eine
selbstverantwortliche  Entscheidungsfindung zu  ermdéglichen. Um  diese
Patientengruppe besser zu erreichen, erstellten wir nach Abschluss der Studie
zusatzlich zu dem gedruckten Informationsmaterial zusammenfassende Videos®.
Obwohl kein signifikanter Unterschied in der Haufigkeit der Nutzung der
Kryokonservierung zwischen der Kontroll- und der Interventionsgruppe festgestellt
werden konnte, zeigte die Analyse Unterschiede zwischen den Gruppen hinsichtlich
der Préadiktoren fir die Inanspruchnahme von Kryokonservierung auf. So stieg in der
Gruppe mit Intervention der Anteil der jungeren Patient*innen, die eine
Kryokonservierung in Anspruch nahmen und auch das individuelle Fertilitatsrisiko
schien mehr ins Bewusstsein gerickt zu werden. Dies deutet darauf hin, dass mittels
einer das individuelle Fertilitdtsrisiko einschlieRenden Aufklarung erreicht werden
kann, dass insbesondere diejenigen Patient*innen Malinahmen zum Fertilititserhalt
ergreifen, die diese am ehesten benétigen werden. Weiterhin bestehen blieb jedoch
ein deutlicher Unterschied nach Geschlecht, wobei weibliche Patientinnen deutlich
seltener eine Kryokonservierung in Anspruch nahmen als mannliche Patienten.
Sowohl bei weiblichen im Vergleich zu mannlichen als auch bei und préapubertéren
gegentber  postpubertaren Patient*innen stellt  die Inanspruchnahme
fertilitatserhaltender Mal3nahmen weiterhin eine gré3ere Herausforderung dar. Neben
der Sicherstellung, dass jede*r jugendliche Krebspatient*in eine verstandliche
Fertilitatsaufklarung erhélt, die eine selbstverantwortliche Entscheidungsfahigkeit
ermoglicht, missen fertilitdtserhaltende MalRnahmen sowohl verfliigbar als auch
finanziell tragbar sein, und es ist weitere Forschung zur Erweiterung der bereits

bestehenden Optionen erforderlich.

8 Die Aufklarungsvideos sind online verfuigbar unter:
https://kinderonkologie.charite.de/forschung/ag_borgmann_staudt/videosbroschuerenflyer/
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Abstract

Obijective: As adolescent cancer patients may suffer from infertility following treat-
ment, fertility counselling is essential. Our aim was to explore the current situation
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1 | INTRODUCTION

In view of the increasing long-term survival rates in children and
adolescents with malignant diseases (Gatta et al., 2014; Kaatsch,
Grabow, & Spix, 2016), minimisation of late effects is necessary to
improve quality of life for survivors. Infertility is one potential late ef-
fect. Cancer treatment can lead to fertility impairment in about one
third of patients (Balcerek, Reinmuth, Hohmann, Keil, & Borgmann-
Staudt, 2012; Rendtorff et al., 2010) and in over two thirds follow-
ing haematopoietic stem cell transplantation (Borgmann-Staudt
et al., 2012). The risk of infertility depends on diagnosis, age at the
time of treatment and treatment regimen (Reinmuth et al., 2013;
Wallace, Anderson, & Irvine, 2005).

Clinical practice guidelines recommend timely discussion of
cancer-related infertility and available fertility preservation op-
tions, and/or referral to a reproductive specialist to provide the op-
portunity to undertake fertility preservation (Oktay et al., 2018).
Fertility preservation should be pursued prior to cancer treatment.
Sperm cryopreservation is a well-established method for post-pu-
bertal male patients (American Society for Reproductive Medicine
et al., 2013; Romao & Lorenzo, 2017; Skinner et al., 2017). Options
for females include cryopreservation of unfertilised or fertilised
oocytes for post-pubertal patients, or surgical transposition of
the ovaries outside of the pelvic radiation field (American Society
for Reproductive Medicine et al., 2013; Dittrich et al.,, 2018;
Lobo, 2005). Ovarian tissue cryopreservation remains experimen-
tal in prepubertal girls and is deemed innovative in post-pubertal
females (Balduzzi et al., 2017), but it may evolve to become stan-
dard therapy in the future (Oktay et al., 2018).

Adolescent cancer patients wish to be fully informed about
treatment effects on fertility and preservation options, but par-
ents and healthcare professionals sometimes underestimate
the importance of fertility to them (Barlevy, Wangmo, Elger, &
Ravitsky, 2016; Cherven, Mertens, Wasilewski-Masker, Williamson,
& Meacham, 2016). Survivors often do not recall having been in-
formed about the risk for infertility at diagnosis (Cherven et al., 2016;
Loi et al.,, 2010) and report uncertainty about their fertility after
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to recall counselling on fertility preservation (OR = 0.03, Cl: 0.00-0.47) and female
gender (OR = 0.11, Cl: 0.03-0.48) was associated with lower use of cryopreservation,
whereas older age was associated with higher use.

Conclusion: Fertility counselling was available to a relatively high proportion of pa-
tients, and it did influence the utilisation of cryopreservation. However, many pa-
tients did not feel sufficiently informed. Further improvement is needed to enable
adolescent cancer patients to make an informed decision on fertility preservation.

adolescent cancer patients, cryopreservation, fertility education, fertility impairment, fertility
preservation, shared decision-making

treatment (Benedict, Shuk, & Ford, 2016; Zebrack, Casillas, Nohr,
Adams, & Zeltzer, 2004). Clinicians often do not deliver oncofertil-
ity support to the standard of current guidelines, and as such many
patients of reproductive age may lack the oncofertility support
that they require (Logan, Perz, Ussher, Peate, & Anazodo, 2018a).
Providing a sensitive and proactive fertility discussion may be bene-
ficial to social well-being (Skaczkowski et al., 2018) and patients feel
supported when their fertility information and service needs are met
(Logan, Perz, Ussher, Peate, & Anazodo, 2018b).

Rates of fertility preservation in adolescent patients vary: in
a study conducted among 43 survivors who were diagnosed with
cancer between 14 and 18 years of age, five males and no females
underwent fertility preservation before treatment (Benedict
et al., 2016). Klosky et al. (2017) reported that among 146 ad-
olescent males newly diagnosed with cancer, 53.4% made a col-
lection attempt and 43.8% successfully banked sperm. In another
study among 550 adolescent and young adult cancer survivors
diagnosed between the ages of 15 and 39 years, 49% of the males
and 22% of the females took steps to preserve fertility (Bann
et al., 2015). As fertility preservation remains underutilised in the
paediatric and adolescent population, further research is needed
to reduce the number of missed opportunities (McCracken &
Nahata, 2017).

1.1 | Objectives

To explore the current practice of fertility education for adolescent
cancer patients in four European countries, we examined: (I) avail-
ability of counselling on the risk for infertility prior to cancer treat-
ment, (Il) availability of counselling on fertility preservation options,
(lll) patients' overall knowledge on fertility, (IV) patients' percep-
tion of feeling sufficiently informed to take informed decisions and
(V) uptake of cryopreservation. This survey was the first part of a
broader intervention study on fertility education in these countries,
which received funding within the European project PanCarelLIFE
(Byrne et al., 2018).
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2 | METHODS

2.1 | Patient recruitment

Patients were recruited from March 2014 until January 2016 in the
following 11 paediatric oncology departments: Medical University of
Graz (Austria); University Hospital Brno and Motol Teaching Hospital
Prague (Czech Republic); Medical Faculty of the Heinrich-Heine-
University Diisseldorf, University Medical Center Ulm, Minster
University Hospital, Charité - Universitatsmedizin Berlin, University
Medical Center Schleswig-Holstein and Helios Klinikum Berlin-Buch
(Germany); Medical University of Bialystok and Medical University
of Gdansk (Poland). All patients admitted to the participating clinics
within the study period who met the eligibility criteria were invited
by a clinician to participate in the study three months after their initial
diagnosis. This time-point was chosen to leave the patient some room
to come to terms with the situation of cancer diagnosis.

2.2 | Eligibility criteria

All newly diagnosed female and male patients aged 213 years who were
treated according to any therapy regimen that included chemotherapy
and/or radiation in a participating paediatric oncology department were
eligible. Patients with poor prognosis, relapse or secondary malignancy
were excluded, as well as patients with cognitive impairment and those
who were unable to understand the given national language.

2.3 | Sample description

In the period of data collection, 142 patients met the inclusion cri-
teria; 16 declined participation, 5 were deceased, 2 had poor health
status at time of surveying and 6 were excluded due to other rea-
sons. Thus, 113 patients were enrolled in the study, resulting in a
response rate of 79.6%. No significant differences were found be-
tween responders and non-responders regarding gender, age at the
time of diagnosis and cancer diagnosis.

2.4 | Ethics and data protection

The coordinating study centre Charité - Universitatsmedizin Berlin
received approval from the local ethics committee (EA2/155/11). All
data providers received approval for the study from their respective
ethics committees. Patient data were pseudonymised.

2.5 | Study procedures

Three (t0) and six (t1) months after initial diagnosis, participants
completed a self-report questionnaire which included 38 items on
received patient education, knowledge about fertility and fertil-
ity preservation, as well as socioeconomic data. The paper-based
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questionnaires were completed by participants in person at clinic
appointments (study questionnaires available online: https://kinde
ronkologie.charite.de/forschung/ag_borgmann_staudt/pancare-
life_interventionstudy_patient_education_2013_2018/). We con-
centrated on the following five areas of interest:

To evaluate patient education concerning the risk for infertility
and fertility preservation, the following questions were analysed:

(1) “Prior to your treatment, were you informed about the poten-
tial risk of hormonal problems, including fertility impairment,
following cancer treatment?”

“If yes, with whom did you speak about this?”
“If yes, did you have to request this information yourself?”

(1) “Prior to your treatment, were you informed about possibilities to

preserve your fertility?”

“If yes, with whom did you speak about this?”

“If yes, did you have to request this information yourself?”

Agreement with the following statement was analysed to assess
if participants felt sufficiently informed, with answer options ranging

nou

from “strongly agree”,

now

agree”, “neither agree nor disagree” to “dis-

agree” and “strongly disagree”™

(1) “I feel sufficiently informed by the information given to me

to make a decision for myself”

(IV) Knowledge was tested using six multiple-response questions
on risk factors for infertility, signs of fertility, types of hormone
replacement treatment, artificial reproductive techniques and
fertility preservation measures before and after puberty with a
total of 37 answers. For each correct answer, two points were
assigned to ensure enough variance for statistical analysis, with
a range from O to 74 points. A participant was classified as hav-
ing sufficient knowledge if he or she achieved at least 50% of the
maximum score (237 points).

(V) The treating physician stated whether cryopreservation had
been pursued prior to cancer therapy or not. All data provid-
ers gave information on availability of fertility preservation in
their countries: sperm banking was available in all countries.
Cryopreservation of oocytes and testicular tissue was only avail-
able in Germany, and ovarian tissue cryopreservation only in
Austria and Germany. Ovarian transposition was available in the
Czech Republic and Germany.

Furthermore, participants estimated their infertility risk by

n o«

stating “low,” “medium” or “high” to the question “How do you
perceive your personal risk of fertility impairment caused by your
cancer treatment?”. Participants' core data, including diagnosis
and treatment, were obtained from medical records. To represent
participants’ educational background, the highest educational/
vocational degree of the parents was stratified into three edu-

cational status groups (low, intermediate and high), determined
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according to the International Standard Classification of Education
(ISCED 97).

2.6 | Statistics

Data analysis was conducted with SPSS Statistical Software Version 24.
In order to examine (l) recall of education about the risk for infertility,
(1) recall of counselling on fertility preservation, (Ill) participants' feel-
ing of being sufficiently informed, (IV) their knowledge about fertility
and (V) utilisation of cryopreservation, multiple univariate analyses with
the variables gender, age group, diagnosis, country in which treated and
participants’ perceived infertility risk were conducted using chi-squared
tests with alpha < 5%. Additionally, recall of risk education and recall of
fertility preservation counselling were correlated with the participants'
feeling of being sufficiently informed, their knowledge about fertility
and their uptake of cryopreservation. Differences in attained knowl-
edge between female and male participants were tested by using a
two-tailed t test for independent samples with a = .05. For the assess-
ment of differences in knowledge between t0 and t1, a paired samples
two-tailed t test with a = .05 was used. Effect size was measured by
calculating Cohen's d. For multivariate analyses of determinants of par-
ticipants' knowledge and utilisation of cryopreservation, binary logistic
regression was used to estimate odds ratios (OR) with 95% confidence
intervals (Cl). The modelling concerning utilisation of cryopreservation
included gender, age group, diagnosis, country in which treated, par-
ticipants’ perceived infertility risk, recall of risk education and recall of
fertility preservation counselling. The modelling concerning knowledge
included gender, age, diagnosis, country in which treated, educational
background, recall of risk education and recall of fertility preserva-
tion counselling. To ensure statistical power, the attending clinics were
grouped by country to control for specific between-country differences.

3 | RESULTS

3.1 | Participant characteristics

Out of the 113 participants, 60 (53.1%) were male and the mean
age at cancer diagnosis was 15.42 years (age range from 12 to
19 years). At time of completion of the first questionnaire (t0),
which was collected after a mean time of 3.13 months after di-
agnosis, the mean age was 16.18 years (age range from 13 to
20 years). The second questionnaire (t1) was completed by 106
participants (93.8%) after a mean time of 6.05 months after diag-
nosis. Participant characteristics are described in Table 1. Where
not otherwise specified, the results refer to the data collected
from the first questionnaire (t0).

3.2 | Education about the risk for infertility (1)

In total, 80.2% of participants recalled having been informed about
the risk of infertility prior to cancer treatment. The majority (98.9%)
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TABLE 1 Participant characteristics
Participants
(n=113)

Gender

Male 60 (53.1%)

Female 53 (46.9%)
Age group

13-15 years 41 (36.3%)

16-17 years 39 (34.5%)

18-20 years 33 (29.2%)
Country in which treated

Austria 10 (8.8%)

Czech Republic 48 (42.5%)

Germany 42 (37.2%)

Poland 13 (11.5%)
Diagnosis (main groups)

Leukaemia/lymphoma 62 (54.9%)

Brain tumours 5(4.4%)

Solid tumours 45 (39.8%)

Other 1(0.9%)
Diagnosis (details)

Leukaemia 18 (15.9%)

Lymphoma 44 (38.9%)

Brain tumours 5(4.4%)

Bone tumours 22 (19.5%)

Soft tissue tumours 8(7.1%)

Liver tumours 1(0.9%)

Germ cell tumours 13 (11.5%)

Carcinoma 1(0.9%)

Other 1(0.9%)

stated they had received this information from their physician and
only one participant had been informed by another, unspecified,
person. Six participants (6.9%) said that they had had to ask for the
information themselves. Univariate analyses showed that the age
group of 13- to 15-year-olds recalled having been informed less
often than older participants (p < .05; Table 2). In regard to gender,
diagnosis, country in which treated and participants’ perceived in-
fertility risk, no differences were found.

3.3 | Counselling on fertility preservation (ll)

Receiving information on fertility preservation options was re-
called by 73.2% of participants, of whom 97.6% stated that they
had been informed by their physician and two participants had
been informed by another, unspecified, person. Only one partici-
pant (1.3%) reported having needed to ask for this information. No
significant differences were found regarding gender, diagnosis,
country in which treated and the participants’ perceived infertil-
ity risk (Table 2). A trend towards significance was seen for age
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TABLE 2 Results of univariate analysis (t0)

Education about the risk
for infertility: yes

Counselling on fertility
preservation: yes

_Wl LEYM

Utilisation of
cryopreservation: yes

Feeling sufficiently
informed: agree

Frequency p-Value  Frequency
Gender n=111 n=112
Male 49 (83.1%) 419 46 (76.7%)
Female 40 (76.9%) 36 (69.2%)
Age group n=111 n=112
13-15 years 25 (64.1%) .007 24 (60.0%)
16-17 years 34 (87.2%) 32 (82.1%)
18-20 years 30(90.9%) 26 (78.8%)
Diagnosis (main groups) n=110 n=111
Leukaemia/lymphoma 48 (78.7%) .238 44 (71.0%)
Brain tumours 2 (50.0%) 2 (40.0%)
Solid tumours 38 (84.4%) 35(79.5%)
Country in which treated n=111 n=112
Czech Republic 40 (85.1%) a9, 38 (80.9%)
Poland 10 (76.9%) 7 (53.8%)
Austria 8(80.0%) 7 (70.0%)
Germany 31 (75.6%) 30(71.4%)
Participants’ perceived n=106 n=107
infertility risk
Low 25 (75.8%) 725 23 (67.6%)
Medium 39 (83.0%) 36 (76.6%)
High 21 (80.8%) 19 (73.1%)
Education about the risk for — =
infertility
Yes
No/don't know
Counselling on fertility - —
preservation
Yes
No/don't know
Total n=111 n=112
89 (80.2%) - 82 (73.2%)

Note: *Significant p values (< .05) are in bold.

(p = .06), with older participants recalling having been informed

slightly more often.

3.4 | Feeling sufficiently informed (lIl)

Almost half (47.7%) of all participants did not feel sufficiently in-
formed to decide on their own. This did not differ according to can-
cer diagnosis, country in which treated or the participants' perceived
infertility risk. Univariate analyses showed that participants who
recalled having received information regarding the risk for infertility

(p < .01) and fertility preservation (p < .01) stated more often that
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p-Value  Frequency p-Value Frequency p-Value
n =109 n=113
.375 34 (58.6%) .057 28 (46.7%) .001
23 (45.1%) 9 (17.0%)
n =109 n=113
.06 12 (31.6%) .026 7 (17.1%) .023
23 (60.5%) 15 (38.5%)
22 (66.7%) 15 (45.5%)
n=108 n=112
146 30 (50.8%) 427 18 (29.0%) .53
1(20.0%) 1(20.0%)
25 (56.8%) 17 (37.8%)
n =109 n=113
261 23 (48.9%) .066 17 (35.4%) .544
7 (53.8%) 2(15.4%)
5 (50.0%) 3(30.0%)
22 (56.4%) 15 (35.7%)
n =105 n =107
.67 18 (54.5%) .09 8(23.5%) 277
25 (54.3%) 17 (36.2%)
12 (46.2%) 11 (42.3%)
n=108 n=111
55 (63.2%) <.001 35 (39.3%) .007
2 (9.5%) 2 (9.1%)
n =109 n=112
50 (61.7%) <.001 36 (43.9%) <.001
7 (25.0%) 1(3.3%)
n =109 n=113
— 57 (52.3%) i 37 (32.7%) -

the given information had enabled them to make a decision (Table 2).
Compared with older participants, 13- to 15-year-olds felt insuf-
ficiently informed more often (p < .05). Furthermore, there was a
trend towards significance for gender (p = .057) and for the country
in which treated (p = .066).

3.5 | Participants' knowledge about fertility (V)
At t0, 60.4% of females and 25.0% of males were classified as

having attained sufficient knowledge. The difference in mean

scores of knowledge between females (37.85) and males (33.63)
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TABLE 3 Knowledge—results of univariate analysis (t0, t1)

Knowledge: 50% or more

to t1
Frequency p-Value Frequency p-Value
Gender n=113 n =104
Male 15(25.0%)  <.001 20(35.7%) .012
Female 32 (60.4%) 29 (60.4%)
Age group n=113 n =104
13-15 years 15 (36.6%) .708 20(54.1%)  .257
16-17 years 17 (43.6%) 13 (36.1%)
18-20 years 15 (45.5%) 16 (51.6%)
Country inwhich  n=113 n=104
treated
Czech Republic 13 (27.1%) .005 20 (46.5%) .014
Poland 3(23.1%) 1(7.7%)
Austria 6 (60.0%) 6 (60.0%)
Germany 25 (59.5%) 22 (57.9%)
Educational n=108 n=99
background
(household)
Low 3(37.5%) 274 4(50.0%) .070
Medium 15 (33.3%) 13 (33.3%)
High 27 (49.1%) 30 (57.7%)
Education about n=111 n =104
the risk for
infertility
Yes 43 (48.3%) .010 41(48.8%) .478
No/don't know 4(18.2%) 8 (40.0%)
Counselling n=112 n =104
on fertility
preservation
Yes 38 (46.3%) .061 38 (49.4%) 441
No/don't know 8 (26.7%) 11 (40.7)
Total— n=113 n =104
Knowledge: 50% 47 41.6%)  — 49 (471%) -
or more

Note: *Significant p values (< .05) are in bold.

was significant (p < .01, d = 0.52). In addition to gender (p < .01),
univariate analyses showed significant differences for recall of
receiving risk information (p < .05) and for the country in which
treated (p < .05; Table 3). Logistic regression confirmed these
effects; female gender (OR = 5.90, Cl: 2.08-16.79) and recalling
information on the risk for infertility (OR = 6.20, Cl: 1.13-34.11)
were predictors for achieving sufficient knowledge (Table 4).
Receiving treatment in the Czech Republic (OR = 0.17; Cl: 0.05-
0.53) or Poland (OR = 0.12, ClI: 0.02-0.67) was associated with
not achieving sufficient knowledge. At t1, both females and males
showed an increase in mean scores of knowledge between the two
survey time-points, but this was significant only for males (p < .05,
d = 0.265).
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TABLE 4 Predictors for sufficient knowledge—results of binary
logistic regression (t0)

Knowledge: 50% or more (n = 105)

95% ClI
p-Value OR Lower Upper
Gender: female .001 5.904 2.076 16.792
Age of patient (in .565 1.096 0.803 1.496
years)
Country in which .002 0.166 0.052 0.526
treated: Czech
Republic
Country in which 016 0.122 0.022 0.672
treated: Poland
Country in which .210 3.477 0.496 24.387
treated: Austria
Educational .259 3.095 0.434 22.051
background
(household):
medium
Educational 156 4.016 0.59 27.363
background
(household): high
Education about the .036 6.201 1.127 34.113
risk for infertility:
yes
Counselling .842 1.149 0.293 4.495
on fertility

preservation: yes

Note: Coding of dependent variable: O = less than 50%, 1 = 50% or
more. Reference: Gender: male; Country in which treated: Germany;
Educational background (household): low; Education about the risk for
infertility: no/don't know; Counselling on fertility preservation: no/
don't know. Nagelkerke R? = .439.

Significant p values (< .05) are in bold.

3.6 | Utilisation of cryopreservation (V)

Almost half (46.6%) of males and less than one fifth (17.0%) of fe-
males used cryopreservation, according to the information given by
their physicians. In addition to gender (p < .01), univariate analyses
showed significant differences regarding age (p < .05) and recall of
information on fertility preservation (p < .01; Table 2). Multivariate
regression confirmed these effects; female gender (OR = 0.11, CI:
0.03-0.48) and inability to recall information regarding fertility
preservation options (OR = 0.03, Cl: 0.00-0.47) were predictors for
lower utilisation, whereas the age of 18-20 years (OR = 5.31, Cl:
1.29-21.89) was associated with an increased likelihood of cryo-
preservation (Table 5).

4 | DISCUSSION

This study was the first to systematically collect data on adoles-
cent cancer patients’ recall of receiving fertility education in four
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TABLE 5 Predictors for utilisation of cryopreservation—results
of binary logistic regression

Utilisation of cryopreservation

(n = 105)
95% Cl
p-
Value OR Lower  Upper
Gender: female .003 0.114 0.027 0.477
Age group: 16-17 years 213 2431 0.601 9.840
Age group: 18-20 years .021 5311 1.289 21.885
Diagnosis: brain .861 1.327 0.055 31.829
tumours
Diagnosis: solid tumours ~ .652 0.761 0.233 2.486
Country in which 109 0.356 0.101 1.260
treated: Czech
Republic
Country in which .075 0.135 0.015 1.226
treated: Poland
Country in which 232 0.318 0.049 2.080
treated: Austria
Participants’ perceived .281 2.035 0.558 7.416
infertility risk: medium
Participants’ perceived .903 1.094 0.259 4.620
infertility risk: high
Education about therisk ~ .732 1.581 0.114 21.887
for infertility: no/don't
know
Counselling on fertility 012 0.031 0.002 0.470

preservation: no/don't
know

Note: Coding of dependent variable: O = no, 1 = yes. Reference: Gender:
male; Age group: 13-15 years, Diagnosis: leukaemia/lymphoma,
Country in which treated: Germany; Participants’ perceived infertility
risk: low; Education about the risk for infertility: yes; Counselling on
fertility preservation: yes. Nagelkerke R? = .434.

Significant p values (< .05) are in bold.

different European countries. The response rate was high: 79.6%
of all adolescent cancer patients newly diagnosed at 11 study clin-
ics who met the inclusion criteria participated in our study. Three
months after diagnosis, the majority of participants reported having
received education regarding the risk for infertility and fertility pres-
ervation prior to cancer treatment. This is a promising result. Earlier
studies estimated a much lower percentage (Hohmann et al., 2011;
Zebrack et al., 2004). Several factors may have contributed to this.
Firstly, data presented in these studies were collected from survi-
vors who were diagnosed longer ago than our study cohort, possibly
increasing recall bias. Secondly, overall in recent years, infertility and
fertility preservation in cancer patients have been focus of research
resulting in various guidelines. Therefore, physicians nowadays are
more likely to have a better knowledge basis for their patient educa-
tion. Thirdly, the participating study centres’ physicians might have
had a stronger focus on fertility education, being aware of the ongo-
ing study.
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In our study, younger participants recalled having been in-
formed about the risk of infertility less often than older participants.
Younger participants may not remember as much of the complex in-
formation, but it is also possible that they received patient education
less often. Vadaparampil, Quinn, King, Wilson, and Nieder (2008)
described age being a barrier in the physician's decision to pass on
information about the risk of infertility and fertility preservation.
Younger patients also may have been more likely to have had fer-
tility information communicated directly to a parent. This may build
the case for integrating age-appropriate informational materials in
fertility education for younger patients.

Gender-related differences in patient education were not found
in the current study, in accordance with Hohmann et al. (2011), pos-
sibly reflecting the approach by healthcare providers to inform fe-
male and male patients equally. Previous studies reported that male
patients received fertility education more often, which might be
explained by the comparably better availability of effective fertility
preservation strategies for males (Cherven et al., 2016; Yeomanson,
Morgan, & Pacey, 2013).

Although recall of education was generally high, almost half
of the participants felt that they were not sufficiently informed to
make a decision of their own. This suggests that even though pa-
tients seem to receive fertility education, the quality needs to be im-
proved. In an earlier study, Oosterhuis, Goodwin, Kiernan, Hudson,
and Dahl (2008) found that only 35.1% of adolescent cancer patients
were satisfied with the amount of information they received about
possible treatment effects on fertility. This increase might be in-
dicative of an improving trend in fertility counselling. Although not
statistically significant, especially females did not feel sufficiently
informed. An explanation may be that healthcare providers have dif-
ferent knowledge about preservation options for male and female
patients (Vesali, Navid, Mohammadi, Karimi, & Omani-Samani, 2019)
and young women tend to receive incomplete information (Wright,
Coad, Morgan, Stark, & Cable, 2014).

Half of all males used cryopreservation, whereas a much smaller
proportion of females did. Previous studies have also shown lower
utilisation rates of fertility preservation for female compared with
male patients among adolescent and young adult cancer patients
(Bann et al., 2015; Benedict et al., 2016; Shnorhavorian et al., 2015).
This difference may be explained by the fact that sperm cryopres-
ervation is a safe, reliable and easily available method of fertility
preservation in post-pubertal males (Romao & Lorenzo, 2017;
Skinner et al., 2017). In contrast, cryopreservation of oocytes in
post-pubertal females requires hormonal stimulation and there-
fore delays the start of cancer treatment, which can be prohibitive
with most adolescent malignancies (Dittrich et al., 2018; Romao &
Lorenzo, 2017). Ovarian tissue cryopreservation can be performed
immediately, but it is more surgically invasive (Lobo, 2005) and car-
ries the risk of possible retransplantation of cancer cells (Dittrich
et al., 2018; Dolmans, Luyckx, Donnez, Andersen, & Greve, 2013).
Furthermore, for female adolescent patients the availability of fer-
tility preservation options may be limited, such as in the participat-
ing study centres in the Czech Republic and Poland.
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For prepubertal patients, cryopreservation remains experi-
mental, as cryopreservation of gonadal tissue is the only available
option at present (American Society for Reproductive Medicine
et al., 2013; Dittrich et al., 2018; Romao & Lorenzo, 2017).
Considering that these procedures provide limited chances of
having biological offspring, fertility preservation decisions may
be more challenging for parents who are making this decision
for their child (Li, Jayasinghe, Kemertzis, Moore, & Peate, 2017).
Successful fertility preservation is yet to reach its full potential
(David, Green, & Shikanov, 2017), although medical advances do
offer realistic hope for the possibility of biological offspring to pa-
tients who were diagnosed with cancer before or during puberty
(Ho et al., 2017; Prasath et al., 2014).

Our finding that inability to recall discussion of fertility preserva-
tion was associated with a lower use of cryopreservation underlines
the importance of fertility counselling. Adolescents and parents
value discussing fertility concerns and preservation options despite
facing the challenges of a cancer diagnosis (Taylor & Ott, 2016). In
our study, three months after first completing the questionnaire,
knowledge about fertility had increased, suggesting that partic-
ipants have been made aware of this topic by the study and may
have searched for further information or have talked to healthcare
providers or parents.

Despite existing guidelines, many physicians do not discuss
fertility preservation with every patient. Quality and frequency of
fertility discussions may be improved by training on recognition of
personal biases and communication skills, as well as involvement of
the entire healthcare team (Quinn et al., 2009). The introduction of
a fertility preservation toolkit for clinicians has shown significant im-
provements in clinicians‘ confidence to provide up-to-date informa-
tion on fertility preservation and in provision of verbal and written
information to patients (Kemertzis et al., 2018). To support parents
of children and adolescents in making informed fertility-related
decisions, a decision aid has been found to be relevant and accept-
able by parents and clinicians, and parents reported an improved
understanding of infertility and fertility preservation procedures
(Allingham et al., 2018).

The implementation of a standardised process for sperm
banking for male adolescent and young adult cancer patients has
been associated with increased rates of sperm cryopreservation
(Shnorhavorian, Kroon, Jeffries, & Johnson, 2012), as well as con-
sultation with a fertility specialist (Klosky et al., 2017). A systematic
review has identified core components of an oncofertility model of
care: services should have safe and reliable referral pathways, pro-
vide age-appropriate care, and include medical and psychological
care from diagnosis through to survivorship (Anazodo et al., 2019).
Implementing fertility-related psychological support into standard
practice may benefit patients and survivors greatly, as reproductive
concerns and unfulfilled desire for a child were linked to higher rates
of mental health disorders and psychological distress (Logan, Perz,
Ussher, Peate, & Anazodo, 2019).

Efforts should be made to incorporate fertility counselling into
routine cancer care for every adolescent patient, enabling them to

43

make an informed decision on fertility preservation and thus increase
chances of having biological offspring, if desired. Nevertheless,
fertility preservation is still not equally available and affordable
(Rashedi et al., 2018; Shenfield et al., 2017) and remains challenging
in female and prepubertal patients.

4.1 | Limitations

To avoid selection bias, inclusion and exclusion criteria were ap-
plied consecutively to all newly diagnosed adolescent cancer pa-
tients coming to the 11 participating centres during the study
period. To check for self-selection bias, basic non-responder
data were also collected. Non-responders were compara-
ble to responders regarding gender, age and cancer diagnosis.
Although non-responder data on other factors potentially af-
fecting self-selection (such as curative prospects, infertility risks
or education level) were not available, we assume—in view of the
high response rate—that they could not have a major impact on
our results in the five research areas of our interest. As partici-
pants self-reported fertility education, it cannot be determined
whether participants who did not recall being informed about
fertility risks and fertility preservation actually had not received
such consultation or did not remember. The stress of being in-
formed about a potentially lethal disease can negatively affect
memory due to dysfunctional information processing (Kangas,
Henry, & Bryant, 2005). We did not capture whether participants
might not have personally desired further information with infor-
mation being given to a parent and whether participants wanted
to be able to make a decision wholly themselves. Despite hav-
ing been instructed to perform patient education “as usual,” the
physicians who treated and educated the study participants
might have discussed fertility issues particularly well. Regarding
the use of fertility preservation, it is important to note that the
participating centres have different fertility preservation meas-
ures available at different cost for the patients. Furthermore, the
level of maturity influences the feasibility of fertility preserva-
tion options and we did not assess participants’ pubertal status
in our study. Results that are close to the limit of significance
may not be reliable due to our small sample size and should be
considered only indicative. Further research on larger sample
sizes might result in significant findings.

5 | CONCLUSION

A relatively high proportion of participants were able to recall re-
ceiving information about the risk for infertility and fertility pres-
ervation from their treating physician prior to cancer treatment.
However, gaps seem to exist as many patients did not feel suf-
ficiently informed and younger patients recalled receiving fertil-
ity education less often. Our study indicates that those who do
receive information use fertility preservation more often, whereas
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younger or female patients were less likely to do so. In addition
to ensuring that every adolescent cancer patient receives fertil-
ity counselling, fertility preservation has to be both available and
affordable, and research into extending fertility preservation op-
tions is needed.
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Abstract
Introduction/Objectives:  Fertility preservation is a major concern for adolescent
cancer patients; yet, educational gaps remain. Our intervention study examined
whether specially designed educational materials regarding fertility preservation
increase knowledge and empowerment of patients and parents.

Methods:

to enrol all eligible patients and parents in a questionnaire survey at 3 and 6 months

Eleven paediatric-oncological centres in four European countries agreed

after diagnosis. Treating physicians were surveyed on their medical consultation
regarding fertility.

Results:
and n = 101 in the control and intervention groups, respectively) and parents (n =

Educational intervention increased knowledge in both patients (n = 113

111 and n = 99 in the control and intervention groups, respectively), but the differ-
ence did not achieve statistical significance (knowledge difference patients: 5.6%
(t0)/13.1% (t1); parents: 6.4% (t0)/3.8% (t1)). Parents of older patients (OR = 1.3,
95%Cl = 1.1-1.7) and higher educational groups (OR = 6.2, 95%Cl| = 2.1-18.3) in
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1 | INTRODUCTION

1.1 | Background

One third of adolescent cancer patients are affected by infertility fol-
lowing standard chemotherapy and/or radiotherapy. Infertility occurs
in over two thirds of patients as a result of high-dose therapy required
for haematopoietic stem cell transplantation (HSCT).1? Fulfilling the
desire for biological parenthood, however, is one key aspect to a high
quality of life®; thus, it is important to address fertility-preserving
options as early as initial diagnosis.

Previous studies showed that patients had little knowledge of
treatment-related fertility impairment.>* In a retrospective study con-
ducted in 2009 amongst adult childhood cancer survivors, only two
out of 159 patients used cryopreservation.® In 2017, Diesch et al
reported that 39% of HSCT patients in Europe received counselling
on fertility-preserving measures, and 29% underwent a fertility-pre-
serving procedure.® Time pressure, knowledge deficits, and the desire
to avoid upsetting affected families can, inter alia, influence the way in
which information is delivered by health care professionals.”*°
Tedious cryobank visits and costs of fertility preservation pose addi-
tional barriers.”°

Guidelines for fertility counselling and preservation are available;
nevertheless, an overall standard has yet to be established.!*'?
Patient education requires improvement in order to enable self-deter-
mined decisions regarding family planning. Increased knowledge
directly correlates with higher empowerment, which leads to confi-

dence in decision-making.**1®

1.2 | Objectives

The European intervention study, PanCareLIFE—patient education,
examined (l) informational sources and how supportive patient mate-

rial used in patient education influenced knowledge attained by

Discussion/Conclusions:

educated individuals.
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the intervention group (OR = 1.9, 95%Cl = 1.03-3.7) achieved higher knowledge
levels. Empowerment was significantly improved in both patients (p = 0.046, d =
0.27) and parents (p = 0.046, d = 0.48) in the intervention group.

In our study, the use of specifically prepared flyers and

brochures successfully raised the level of fertility preservation knowledge in parents
of older patients as well as parents with higher educational levels. Overall, the inter-
vention improved patient and parent empowerment. Subsequent projects will include
simpler information and digital material to particularly reach out to younger and less

childhood cancer, fertility impairment, fertility preservation, informational material, knowledge,

paediatric oncology, patient education, patient empowerment

adolescent cancer patients and their parents regarding the risk of
infertility and prophylactic measures. (Il) We also surveyed whether
patients and parents felt sufficiently informed/empowered to make a
self-determined decision regarding fertility preservation. (lll) Health
care providers who conducted the study in their centres were asked
if and how study participation had changed their practice of fertility
counselling.

2 | PATIENTS AND METHODS

2.1 | Study design and setting

PanCarelIFE—patient education collected data in two phases®®: Phase
| (control group) 03/2014-01/2016; phase Il (intervention group) 04/
2016-10/2017. The control group received standard patient educa-
tion according to treatment-optimising protocols for the respective
adolescent cancers. Patients and parents from the intervention
group received an additional information flyer at initial diagnosis.
The treating oncologists documented the patient's estimated treat-

n o«

ment-related infertility risk as “low," “elevated,” or “high” on the
flyer. The estimation was based on a list from our brochure that
categorised therapy regimen according to gonadotoxicity. Further-
more, it was documented whether or not patients and parents had
additional questions and if they wished to use fertility preservation
prior to cancer treatment.* Patients and parents in both study
groups were asked to complete questionnaires 3 (t0) and 6 (t1)
months after initial diagnosis." After the intervention participants
returned their completed tO questionnaires, the physician handed
them the study informational brochure to take home as a reference
material.

The following institutions recruited paediatric patients into both
study groups: The Medical University of Graz (Austria); University
Hospital Bro and University Hospital Motol (Czech Republic); Univer-
sity Hospitals in Dusseldorf, Ulm, Minster, Essen, Liibeck, Charité-
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Universitdtsmedizin Berlin, Helios-Klinikum Berlin-Buch (Germany);
University Children's Hospital, Bialystok and University Gdansk
(Poland).

The coordinating study centre Charité-Universitatsmedizin Berlin
received approval from the local ethics committee (EA2/155/11). Each
participating centre received approval from their respective ethics

committees. Patient data were pseudonymised.

2.2 | Participants

All patients who met the following inclusion criteria were asked to
participate: age > 12 and < 19 years, any chemotherapy/radiotherapy
treatment within a participating study centre, curative prognosis, com-
petent mental status, language ability, and signed informed consent.

2.3 | Data source and measurement of outcome
variables

Data regarding knowledge and fertility information source, as well as
empowerment at tO and t1, were compared between the control and
intervention groups. We surveyed whether patients and parents
increased their knowledge about fertility when supportive informa-
tional material was implemented (intervention), using six gender-
appropriate questions. Multiple selection questions were asked on a
total of 37 items, which surveyed knowledge regarding the following:
(a) risk factors for infertility, (b) fertility signs, (c) hormone replacement
treatment, and (d) fertility-preserving and reproductive measures. Suf-
ficient knowledge was concluded when >50% items were answered
correctly.

Patient and parent empowerment levels were surveyed using the
statement: “| feel sufficiently informed by the given information to
make a decision for myself/my child." Answer possibilities were:

"o " ou

“strongly disagree,” “disagree,” “neither disagree nor agree,” “agree,”
and “strongly agree.” Sufficient empowerment was assumed for partic-
ipants who either agreed or strongly agreed with the statement.

The physicians who conducted the study in the cooperating cen-
tres were asked if participation had influenced their fertility consulta-
tion practice. Answer modes were “no” and “if yes, please specify.” We
also received information from all study centres regarding fertility
preservation in their countries. Sperm banking was universally avail-
able. Cryopreservation of oocytes and testicular tissue was only avail-
able in Germany, and ovarian tissue cryopreservation only in Austria
and Germany. Ovariopexy was only available in the Czech Republic

and Germany.

2.4 | Statistical methods

Data analysis was conducted with IBM SPSS Statistics software, ver-
sion 24. Differences in knowledge attained between the two study
0.05,
one-tailed; p values were Bonferroni adjusted. Effect sizes (d = 0.20-
0.50 small, d > 0.50-0.80 medium, and d > 0.80 larges'’) were

groups were tested by t-test for independent samples, a
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calculated to estimate the practical relevance of results. For multivar-
iate analyses, binary logistic regression was performed to estimate
odds ratios (OR) with 95% confidence intervals (Cl). For analysis of
patient and parent knowledge, patient education (with/without inter-
vention), gender, and patient age were included into the modelling.
Parent gender and highest educational degree were included into
the modelling for the parents.

Univariate analyses of patient and parent empowerment were con-
ducted using nonparametric methods (Mann-Whitney U tests; Kruskal-
Wallis tests); a = 0.05. Included into analysis were patient gender and
age (stratified into three groups; 13-14, 15-16, and >17 years) and study
group (with/without intervention). Patient gender, age, highest educa-
tional degree, diagnosis, estimation of infertility risk, country in which
treated, recall of risk information before treatment, and information
regarding prophylactic measures were included into the modelling. Par-
ent gender was included into the modelling for the parents.

Parental educational status was determined according to the Inter-
national Standard Classification of Education (ISCED 97) and stratified

into educational status groups (low, middle, and high).*®

Accordingto a
power analysis conducted with GPower,? a total sample size of n =
184 was required to show an OR of >1.7 with a = 5% and a power

of 80%.

3 | RESULTS

3.1 | Participants

In total, our study (cohort) included 113/142 (79.6%) patients and
111/142 (78.2%) parents in the control group and 101/134 (75.4%)
patients and 99/134 (73.9%) parents in the intervention group. Partic-
ipant characteristics are presented in Tables 1a and 1b.

3.2 | Knowledge regarding fertility impairment and
preservation

Informational sources for patients and parents are presented in figure
1a-d (supplemental material). Patients from the intervention group,
who received the flyer and brochure provided by their physician, used
other media significantly less often (p = .037) than those from the con-
trol group.

a. Patients

On average, patients from the intervention group achieved higher
knowledge scores at tO and t1 than patients from the control group
(figure 2a, supplemental material). Comparison of mean values showed
a difference of 1.62 (Cl = -0.73-3.96) at t0 and 2.17 (Cl = -0.38-4.72)
at t1. These differences were not significant at either time-point.

For multivariate analyses of determinants of patient knowledge,
binary logistic regression was performed. Patient gender and age (in
years) at time of questionnaire completion as well as education with

or without intervention were included into the modelling. Patient
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TABLE 1 a Patients characteristics, b Parents characteristics
Patients Control Group Intervention Group Total
n % n % n %

Gender
Female 53 46.9 43 42.6 96 449
Male 60 534 58 57.4 118 551
Total 113 100 101 100 214 100
Age
Mean age 15.42 15.50 15.46
Median age 16.00 16.00 16.00
Std. deviation 1.641 1.419 1.537
Range 12-19 12-18 12-19
Disease
Leukaemia 18 15.9 20 19.8 38 178
Lymphomas 44 38.9 45 44.6 89 416
Brain tumours 5 4.4 5 4.9 10 47
Bone tumours 22 19.5 13 12.9. 35 164
Soft tissue tumours 8 731 6 59 14 65
Germ cell tumours 13 115 10 9.9, 23 107
Others 3 2.7 2 2.0 5 23
Total 113 100 101 100 214 100

Control Group Intervention Group Total
Parents n % n % n %
Biological mother 89 80.2 80 80.8 169 80.5
Biological father 18 16.2 12 121 30 143
Female legal guardian 1 0.9 2 20 3 14
Male legal guardian 1 0.9 - - 1 05
No information 2 1.8 5 51 7 33
Total 111 100 99 100 210 100
Educational level
Low 12 10.8 9 91 21 100
Medium 51 46.0 49 49.5 100 47.6
High 44 39.6 34 343 78 371
No information 4 3.6 7 74 11 53
Total 111 100 99 100 210 100

age and gender were confirmed as determinants of knowledge differ-
ences. As patient age increased, so did their knowledge. Generally,
female patients knew significantly more. At t0O, age (OR = 1.26, Cl =
1.14-1.53) and female gender (OR = 3.27, Cl = 1.84-5.81) were pre-
dictors for sufficient knowledge attainment. At t1, female gender
(OR = 2.19; ClI = 1.24-3.9) was the only predictor for sufficient knowl-
edge attainment.

b. Parents

On average, parents from the intervention group were also more

likely to demonstrate sufficient knowledge compared with control
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parents at both time-points (figure 2b, supplemental material). Mean
values showed a difference of 2.24 (Cl = -0.108-4.583) at tO and
2.19 (Cl = -0.218-4.616) at t1. However, differences in mean values
between the control and intervention groups were not significant at
t0 or t1.

Binary logistic regression was performed for multivariate analyses
of determinants of parent knowledge. Included into the modelling
were patient gender and age (in years) at time of questionnaire com-
pletion, parent gender, educational status of responding parent, and
education with or without intervention. Parents of older children
knew significantly more (t0: OR = 1.319; Cl = 1.07-1.62). Additionally,
parental educational level was shown to play a pivotal role. Highly
educated parents were able to attain significantly more knowledge
regarding fertility impairment and preservation than less-educated
parents (t0: OR = 6.214; Cl = 2.11-18.3). Receiving fertility education
with supportive material (intervention) (t0: OR = 1.953 Cl = 1.03-3.71)
was a predictor for sufficient knowledge attainment. At t1, no signifi-
cant association between study group and the included variables was
identified.

3.3 | Empowerment

Univariate analysis showed significantly improved empowerment of
both patients (p = .046, d = 0.27) and parents (p = .046, d = 0.48) from
the intervention group. Patient empowerment was associated with
gender (t1: p = .033, d = 0.30) and age (t0: p = .007,d = 0.41; t1: p
=.003, d = 0.46), whereas parent empowerment was associated with
the child's gender (t1: p = .001, d = 0.48).

Binary logistic regression for multivariate analyses of determinants
confirmed significance for gender and age amongst patients and child's
gender amongst parents, but not for intervention. Figure 3 a-d (sup-
plemental material) demonstrates the results for patients and parents
at t0 and t1. Gender, age, estimation of treatment-associated infertil-
ity risk, receipt of infertility information, and prophylactic measures
were all predictors for empowerment.

a. Patients

Three important findings were revealed at t0. Older patients (OR =
1.351; CI 1.06-1.723) or those who had received information
regarding infertility prior to treatment (OR = 6.589; Cl = 2.119-
20.489) reported significantly higher empowerment. Patients who
estimated their risk for infertility as high (OR = 0.274; Cl = 0.086-

0.87) felt significantly less empowered compared with those with an

estimated low risk.

At t1, results varied. The potential for patients to feel sufficiently
informed rose at a rate of 45% per year of life (OR = 1.447; Cl =
1.099-1.905). Patients were 5.5-times more likely to feel sufficiently
informed after they had received information on prophylactic mea-
sures (OR = 5.535; Cl = 1.917-15.983). However, female patients felt
significantly less empowered (OR = 0.423; Cl = 0.118-0.952).
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b. Parents

As for tO, aiming at significantly increasing empowerment, it
proved helpful for parents to receive information regarding infertility
(OR = 4.544; Cl = 1.351-15.28) as well as prophylactic measures (OR
= 30.528; Cl = 6.41-145.387) prior to treatment. Parents of females
felt significantly less empowered (OR = 0.165; Cl = 0.072-0.378).

Two significant results concerning parents were discovered at time
t1. As the age of the child increased, the potential for parents to feel
sufficiently informed increased by more than 38% per year of age
(OR = 1.384; ClI = 1.047-1.831). Parents who received information
regarding prophylactic measures felt 6.5-times more empowered than
those who stated that they had not received this information (OR =
6.495; Cl = 2.174-19.404).

3.4 | Medical consultation

Twelve out of the 13 investigators from the 11 participating centres
stated that participation in PanCarelLIFE—patient education had influ-
enced their medical consultation practices concerning fertility issues.
The centres stated that the study had renewed focus on fertility issues
and had presented novel information that resulted in the implementa-
tion of revised standard operating procedures (SOPs). Three investiga-
tors from one study centre had conflicting opinions about the study's
impact on their counselling practices: Whilst one health care profes-
sional noted no difference, the second reported some differences,
and the third observed differences particularly in counselling younger
and/or female patients. Three centres established a fertility cryopres-

ervation programme for females during the course of the study.

4 | DISCUSSION

41 | Key results

4.1.1 | Knowledge regarding fertility impairment and
preservation

The diagnosis of cancer is overwhelming for both patients and their
parents, often resulting in a difficulty to absorb other information.?®
We feel responsible as oncologists—during this emotionally vulnera-
ble phase—to channel the trust between patients and physicians into
a personal exchange of crucial information. This ultimately leads to
the empowerment of patients, enabling them to make independent
decisions about their future, especially regarding the prospect of
having their own children. Furthermore, education regarding fertility
issues at diagnosis and prior to cancer treatment is a humanising
experience for patients and parents that can strengthen the desire
for recovery.?!

When embedded in patient education, our informational material
helps patients and parents to obtain the necessary information regard-
ing fertility. The patients who received our supportive material during
initial consultation (intervention group) utilised other media (i.e.,
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internet, printed media, and television) significantly less often than
their peers from the control group. We argue that informational mate-
rial delivered personally by health care professionals not only eases
discussion but also provides hard-copy reference material of higher
quality than that obtained through Internet searches. For patients,
increased age and female gender were associated with better knowl-
edge acquisition in our study. Parents benefited from the intervention
even more than patients in terms of knowledge acquisition. This was
especially true for highly educated parents and parents of older
children.

4.2 | Empowerment

Our study shows that patient education including informational mate-
rial on fertility contributes to the empowerment of patients and their
parents. Older age of patients and receipt of information regarding
infertility and prophylactic measures prior to treatment was particu-
larly instrumental in increasing the empowerment of patients and par-
ents. As patient age increased, adolescents stated higher levels of
empowerment; personality development and life goals associated with
adolescence may contribute to this. Knowledge offers an instrument
for self-initiated action; therefore, providing this necessary informa-
tion is essential to support these patients.

In contrast, female patients and patients with a higher infertility
risk reported lower empowerment. Parents of female patients also felt
less empowered—even though female patients on average attained
higher knowledge scores compared with male patients. Different rea-
sons may contribute to this. Firstly, four out of 11 participating cen-
tres were unable to offer cryopreservation measures to female
patients; nevertheless, information regarding these measures was
included in the provided flyers and brochures. Secondly, fertility pres-
ervation for female patients is often more complex and invasive than
for male patients.?? Thirdly, gender-specific fears may have led to
the lower empowerment of female patients. Finally, patients newly
diagnosed with cancer, in addition to the prospect of a high risk for
infertility, may experience feelings of helplessness that undermine
self-determination.

4.3 | Medical consultation

Participating centres reported a renewed focus on fertility issues:
some obtained novel information, some implemented new SOPs,
and some centres established fertility cryopreservation programmes
for girls during the course of the study. The information contained
in the flyers and brochures supported physicians in educating them-
selves first, thus enabling them to better empower their patients.
While the flyer was embedded in initial patient education at diagno-
sis, the brochures were handed out without medical counselling.
Nevertheless, the brochures were also shown to have an autono-
mous informative value.
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44 | Comparison with similar studies

Our study observed better knowledge acquisition amongst older
patients as well as female patients. In similar studies, health care pro-
fessionals tended to inform parents and older patients more often
than younger patients.>*° However, it is also crucial to actively inte-
grate younger patients into the shared decision-making process
regarding their therapy?? in order to improve their healing pros-
pects.2®24 Qur results concerning female patients correspond with
current gender research.?’

Other studies stated that most patients had insufficient knowledge
regarding cancer-related fertility issues.?®?” In contrast to our results,
women were found to have had less knowledge.?® In this context, sig-
nificant gaps in information provided to women were also reported.??
Wilkes et al found that patients requested access to written or web-
based information or a fertility specialist in addition to the information

1.3° Com-

provided during discussion with the health care professiona
paring the proportion of patients who were informed about fertility
issues in our study with that in previous study cohorts, we can safely
say that our participants were clearly better informed.”

In terms of knowledge acquisition, parents benefitted from the
intervention even more than patients. This was especially true
amongst highly educated parents and those of older children. Parents
play a key role in the acquisition of knowledge concerning fertility
issues.>* Considering the crisis of life and the high level of fear
resulting from a cancer diagnosis, the ability to attain new knowledge
is restricted.?® The brief informational flyer provided at initial diagnosis
sensitises patients to the topic of fertility and enables them to discern
additional information that is offered at a later time. Over the course of
therapy, patients and families develop better coping mechanisms.?®
These resources can be used for further knowledge acquisition. For
maximum effect, comprehensible and relevant informational material
is essential; patient and parent abilities need to be considered and
reflected in clarity and simplicity of language. Also, the type of infor-
mational material must be adapted to suit the target audience.

Diesch et al found that patient counselling relied predominantly on
existing SOPs from the treating clinic.® This is in accordance with our
observation. The conduction of our study renewed focus on fertility
and conveyed novel information to the treating physicians; this trans-
lated into enhanced fertility counselling at the study sites.

4.5 | Study limitations

Through consecutive inclusion of all eligible patients as they were
admitted to the clinics, selection bias was avoided. Gender, age, and
cancer diagnosis were comparable between participants and non-par-
ticipants; however, comparison of fertility-related issues between the
two groups was not possible.

Participation rate was high for both the control and intervention
groups; however, we were unable to achieve our enrolment goal as
per sample calculation, despite addition of new centres. This may partly
be due to our strict inclusion criteria, as we chose not to include patients
with an unfavourable outcome. Furthermore, internal difficulties within
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the centres may have contributed. Therefore, significant results could
have been missed or overestimated. Some of the results of logistic
regression show broad Cls, which suggests uncertain estimates.

Patients and parents who participated in the control arm were
already well informed about fertility at initial data collection. Different
reasons may have contributed: Firstly, participating investigators
received existing fertility guidelines from the study centre and were
thus better prepared for patient education. Secondly, participating
investigators were aware that patients and parents were evaluating
fertility counselling within the survey. Thirdly, the study sensitised
families and physicians to fertility-related issues; therefore, external
validity is restricted.

The control group received standard patient education according
to treatment-optimising protocols for the corresponding cancers. This
does not include the exact extent of educational variations, not only
amongst countries, but also clinics and individual physicians. We pro-
vided study information and a manual to support standardisation of
patient education. However, our study was not designed to probe
the detailed procedures of physicians. Subsequent studies could
examine this process in more detail.

Conditions for fertility preservation varied between the clinics. In
contrast to male patients for whom all participating centres offered
cryopreservation, only centres in Austria and Germany offered cryo-
preservation of oocytes and ovarian tissue. Nonetheless, three centres
implemented fertility-preserving programmes for their female patients
during the course of the study.

Due to recall bias, the participant assessment of how well they
were informed about fertility risks and prophylactic measures as well
as their estimation of risk are subjective and not objective.

5 | CONCLUSION

Utilising specifically prepared brochures was successful at increasing
the level of knowledge regarding fertility preservation amongst older
adolescents and patients and parents with a higher educational level.
As a result, patient empowerment was increased. Subsequent projects
including simpler information and digital material are planned to reach

out to younger patients and less educated individuals.

5.1 | Clinical implications

Educational interventions regarding fertility can improve knowledge
and empowerment in patients and parents, enabling self-reliant deci-
sion-making. Since this is especially true for older, female, and highly
educated individuals, informational material must be simple and con-
cise in order to reach as many patients as possible. Digital versions
may help to engage younger patients.

The data that support the findings of this study are available from

the corresponding author upon reasonable request.
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Abstract
Infertility is a relevant late-effect following cancer treatment; yet, a large proportion of survivors cannot recall having been
informed of this risk. In an intervention study, we examined if and how supportive patient information material on fertility/
fertility-preserving measures influences utilization of cryopreservation in adolescent cancer patients. The control group, recruited
03/2014-01/2016, received the usual patient education at initial diagnosis. The intervention group, recruited 04/2016-10/2017,
received patient education supported by a fertility flyer and brochure. Patients and parents were each asked questions on
utilization of cryopreservation in a questionnaire 3 and 6 months after initial diagnosis. Patient core and therapy data were
obtained from medical records. Overall, cryopreservation rates showed no significant difference between the control (32.7%, n =
37/113) and intervention group (36.6%, n=37/101). In the control group, cryopreservation was associated with gender (OR
0.100, C10.023-0.427), age (OR 1.559, CI 1.077-2.258) and recalling information on fertility protection (OR 33.663, C12.100—
539.574); in the intervention group, cryopreservation was related to gender (OR 0.093, CI 0.026-0.330) and the estimated
infertility risk (OR 43.665, CI 2.157-883.974).

Conclusion: Cryopreservation rates did not overall increase following the intervention; however, the individual risk seemed to
be brought into attention more: Those at risk, including younger patients, cryopreserved at higher rates.
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What is Known:
eInfertility is a relevant late-effect following adolescent cancer.

*Guidelines recommend to offer fertility protection before cancer treatment.
*A relevant proportion of adolescents with cancer are not aware of this risk.

Fertility protection seems under-used in cancer patients at risk for infertility.

What is New:

eInformation material on fertility and protection in adolescents did not increase overall rates of cryopreservation.
*Cryopreservation rates were improved according to individual risk for infertility.
*Qur flyers and brochures on fertility in cancer patients are available in various languages.

Keywords Patient education - Childhood and adolescent cancer - Fertility impairment - Fertility protection - Cryopreservation -

Patient empowerment

Introduction

Fertility impairment is a relevant late-effect following che-
motherapy and/or radiotherapy in adolescence. However,
not all survivors are aware of this risk or of available fer-
tility protection [1]. Previous studies have emphasized the
necessity of adequate and early counselling of patients and
their parents on the potential risk for fertility impairment
[1-3]. Especially patients of younger age and female pa-
tients in general seem to recall having received such infor-
mation to a lower rate than older or male patients [4].
While established fertility protection exists for adolescent
patients, there are limited options for prepubertal and peri-
pubertal children [5, 6]. Additionally, within Europe, there
are inequities regarding availability and insurance cover-
age of fertility protection [7, 8].

Efforts of research in the field of fertility following cancer
treatment in adolescence have led to improved and more spe-
cific guidelines for fertility protection [5, 9]. For male adoles-
cents, current guidelines recommend to offer sperm banking
prophylactically before any potentially gonadotoxic therapy
[5]. Sperm banking is well established and easy to conduct
[10]. Overall, rates of sperm banking for adolescents prior to
cancer treatment are still considered low [4, 11, 12]. However,
Klosky et al. reported of adolescents’ perceived benefits of
sperm banking [13]. For female adolescent cancer patients,
there are various options of fertility protection [14]. Most of
them have limitations in the paediatric oncologic setting and
are more complex to be organized and conducted [5, 6].
Oocytes can be collected for cryopreservation and future re-
productive treatment following 2 weeks of hormonal stimula-
tion [S]. For most adolescent cancers, treatment cannot be de-
layed to this extend. In this case, ovarian tissue can be collected
surgically and cryopreserved before cancer treatment [15]. The
birth of at least 130 healthy babies has been reported following
autologous transplantation of ovarian tissue after cancer treat-
ment [16]. However, ovarian tissue may contain malignant
cells, with transplantation posing a risk of inducing a relapse
in both, patients with systemic malignancies or solid tumours

@ Springer
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[17-19]. In a recent European study, only 17% of female ado-
lescents used cryopreservation [4].

Adequate education on fertility impairment and prevention
options is important to enable cancer patients to self-
determine their fertility protection. Informed patients are more
likely to have their fertility status tested after cancer treatment
and therefore improve their chances of having children
through early family planning [1]. Having an own child is
relevant for a high quality of life following childhood cancer
treatment with parenthood being connected to normality, grat-
itude and happiness by former patients [2]. Within the frame-
work of PanCareLIFE, a project funded by the European
Union’s Seventh Framework Programme for research, tech-
nological development and demonstration (grant agreement
no. 602030), we conducted the multicentre intervention study
Patient education [4, 20].

Objectives

The present study examined if and how supportive patient
information material on the risk of fertility impairment follow-
ing cancer treatment and on available fertility protection, em-
bedded in the education of the attending physician, influences
utilization of fertility protection in adolescent cancer patients.

Methods
Study design and methods

The intervention study Patient education was conducted in two
study phases (see Fig. 1). Between March 2014 and January
2016, newly diagnosed adolescent cancer patients were recruited
for the control group and from April 2016 to October 2017
for the intervention group. Patients in the control group
received the standard patient education on the risk of
fertility impairment and fertility protection according to
European therapy optimizing studies. Further details on
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Fig. 1 Study design Patient
education multicenter
intervention study ‘

Control group (treatment as usual)

Diagnosis /
Start of therapy

6 month after
start of therapy:
Questionnaire (t1)

3 month after
start of therapy:
Questionnaire (t0)

Intervention group (implementation of flyer and brochure)

Diagnosis /
Start of therapy:
Hand out short flyer

the first study phase have been previously published [4]. In the
intervention group, patient education at initial diagnosis was sup-
ported by a flyer on fertility impairment. This flyer included a
paragraph in which the physician estimated the patient’s individ-
ual fertility risk based on a list of potentially gonadotoxic proto-
cols in our brochures, and patients stated whether they had fur-
ther questions and wished to protect their fertility (see Fig. 2).
Three months after the start of treatment, patients and parents
received the gender-specific patient brochure on fertility follow-
ing cancer treatment. Written informed consent of patients and
their parents in both study groups was obtained for participation.
Following, participating patients and their parents were asked to
each complete a questionnaire three (t0) and 6 months (t1) after
onset of cancer treatment. Full patient flyer, brochures and ques-
tionnaires are available at: https:/kinderonkologie.charite.de/
forschung/ag_borgmann_staudt/pancarelife_interventionstudy
patient_education 2013 2018/. To examine utilization of
fertility preservation, relevant answers were obtained from the

Fig2 Extract, patient information
flyer on fertility risk and
protection in adolescent cancer
patients supporting shared and
informed decision making

O Yes

6 month after
start of therapy:
Questionnaire (t1)

3 month after
start of therapy:
Questionnaire (t0) then
hand out detailed brochure

questionnaire and patient core and clinical data from medical
records (Fig. 1, Fig. 2).

Ethics and data protection

The coordinating study centre Charité-Universititsmedizin
Berlin received approval from their local ethics committee on
04/04/2014 (EA2/155/11). All data providers received approval
for the study from their respective ethics committees. Patient data
was pseudonymized. Only data providers were able to assign
patient names to the respective identification number. Patient
names were not transmitted to the coordinating study centre.

Patient recruitment and eligibility criteria

The following paediatric oncology departments participated in
both study phases: Medical University of Graz (Austria);
University Hospital Brno and University Hospital Motol

Do you understand the possible risks to your fertility and the options for preserving it?

O No, I've got more questions

Askyour doctor to fill in below whether you are at low, medium or high risk of reduced fertility (see also

our detailed booklet).
B highrisk

O medium risk O

low risk

In consultation with your parents and doctors, would you like to take steps to preserve your fertility

before your treatment?

O Yes O No
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(Czech Republic); University Duesseldorf, University Ulm,
University Hospital Muenster, Charité-Universitdtsmedizin
Berlin, University Luebeck and Helios-Klinikum Berlin-
Buch (Germany) and University Children’s Hospital
Bialystok and University Gdansk (Poland).

All newly diagnosed adolescent patients who required che-
motherapy and/or radiotherapy were eligible for participation.
Patients with tumour relapse, secondary malignancies or an
unfavourable prognosis at diagnosis were excluded, as well as
patients with cognitive impairment and those who were un-
able to understand the written national language.

Statistics

Data analysis was conducted with the SPSS Statistics Software,
Version 24. Univariate analysis was assessed by using chi-
squared tests. Effect sizes (Phi, Cramer’s V) were calculated to
estimate the practical relevance of the results. Cohen (1988)
defined effect sizes (Phi, Cramer’s V) >0.10 as small, >0.30
as medium and > 0.50 as large [21]. For multivariate analyses,
binary logistic regression was performed to estimate odds ratios
(OR) with 95% confidence intervals. According to a power
analysis conducted with GPower [22], a total sample size of
n =184 was required to show an OR of > 1.7 on a significance
level of 5% with a power of 80%. The educational status of the
parents was determined according to the International Standard
Classification of Education (ISCED 1997) and classified into
three educational status groups [23].

Results
Patient characteristics

Overall, 134 patients were eligible for participation in the
intervention phase, of whom 101 (75.4%) participated in the
first questionnaire survey at t0 and 98 (73.1%) followed-up at
t1. Participation was declined by 16 patients, 5 were unable to
participate due to treatment and 12 were excluded due to other
social or ethical reasons.

The non-responder analyses revealed no significant differ-
ences regarding responders’ and non-responders’ gender, age
at diagnosis and distribution of cancer diagnoses (Table 1).
Data on the control group has been published previously [4].
No significant differences between participants of the control
and intervention groups could be found regarding gender, age
at diagnosis and distribution of cancer diagnoses or for the
attending clinic (Table 1, Table 2).

Utilization of fertility preservation

Within the control group, 32.7% (n=37/113) of the partici-
pants and 36.6% (n=37/101) of participants of the interven-
tion group used cryopreservation. The rates of cryopreserva-
tion showed no statistically significant differences between
the groups according to treatment. Overall, univariate analysis
showed that cryopreservation was mainly associated with gen-
der and patient information. In the control group, gender, age

Table 1 Non-responders’ characteristics in control and intervention group
Control group Intervention group Total
Non-responder (patients, time-point t0) Frequency  Percent of control ~ Frequency — Percent of intervention ~ Frequency  Percent of total
Gender Female 10 345 15 45.5 25 403
Male 19 65.5 18 54.5 37 59.7
Age group 13-15 years 17 58.6 19 57.6 36 58.1
16-17 years 12 414 13 39.4 25 40.3
18 years and older 0 0.0 1 3.0 1 1.6
Diagnose Leukaemia 19 65.5 24 72.7 43 69.4
main groups
Brain tumours 3 10.3 0 0.0 3 4.8
Solid tumours 7 24.1 9 27.3 16 25.8
Diagnose (details)  Leukaemia 7 24.1 12 36.4 19 30.6
Lymphoma 12 414 12 36.4 24 38.7
Brain tumours 3 10.3 0 0.0 3 4.8
Bone tumours 2 6.9 6 18.2 8 129
Soft tissue sarcoma 1 34 3 9.1 4 6.5
Liver tumour 0 0.0 0 0.0 0 0.0
Germ cell tumour 2 6.9 0 0.0 2 32
Carcinoma 2 6.9 0 0.0 2 32
other 0 0.0 0 0.0 0 0.0
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Table 2  Participants’ characteristics in control and intervention group

Control group

Intervention group Total

Frequency Response (%)

Frequency Response (%) Frequency Response (%)

Survey participation Patient Q1 113 79.6 101 754 214 775
Patient Q2 106 74.6 98 73.1 204 739
Parent Q1 111 78.2 99 73.9 210 76.1
Parent Q2 103 72.5 95 70.9 198 71.7
Participants (patients) t0 Frequency Percent of control Frequency Percent of intervention Frequency Percent of total
Gender Female 53 46.90 43 42.60 96 44.90
Male 60 53.10 58 57.40 118 55.10
Age group 13-15 years 52 46 46 45.50 98 45.80
16-17 years 52 46 51 50.50 103 48.10
18 years and older 9 8 4 4 13 6.10
Country of attending clinic Austria 10 8.80 ® 6.90 17 7.90
Czech Republic 48 42.50 42 41.60 90 42.10
Germany 42 37.20 40 39.60 82 38.20
Poland 13 11.50 12 11.90 25 11.70
Diagnose (main groups) Leukaemia 62 55.40 65 64.40 127 59.60
Brain tumours 3 4.50 5 5.00 10 4.70
Solid tumours 45 40.20 31 30.70 76 35.70
Diagnose (details) Leukaemia 18 15.90 20 19.80 38 17.80
Lymphoma 44 38.90 45 44.60 89 41.60
Brain tumours 5 4.40 5 5.00 10 4.70
Bone tumours 22 19.50 13 12.90 35 16.40
Soft tissue sarcoma  § .10 6 5.90 14 6.50
Liver tumour 1 0.90 1 1.00 2 0.90
Germ cell tumour 13 11.50 10 9.90 23 10.70
Carcinoma 1 0.90 1 1.00 2 0.90
other 1 0.90 0 0.00 1 0.50

and patient information on fertility protection were associated
with utilization of cryopreservation. In the intervention group,
cryopreservation was associated with gender, the subjective
assessment of the fertility risk and the information on risks
before treatment (Table 3).

Binary logistic regression was performed for multivariate
analyses for determinants of cryopreservation. Included were
patient’s gender, age at time of questionnaire completion, can-
cer diagnosis, country of attending clinic, estimated risk for
fertility, whether or not the patient received information on
infertility risks and protection as part of education with or
without intervention. Table 3 shows the results of binary lo-
gistic regression (Table 4).

In total, patient’s gender (OR 0.141, CI 0.061-0.325)
and age (OR 1.302, CI 1.021-1.66) as well as having re-
ceived information on prophylactic measures (OR 10.687,
CI 2.056-55.548) were predictors for utilization of cryo-
preservation. Female patients only had a 14% chance to
cryopreserve compared to male patients. With rising age,

60

the likeliness to cryopreserve increased by more than 30%
per year. Patients who received information on prophylactic
measures had a 10 times higher chance to cryopreserve than
those who did not.

Sub-group analysis of the control group showed a 10%
chance of using cryopreservation for female compared to male
patients (OR 0.100, CI 0.023-0.427). With rising age, the
likeliness to cryopreserve in the control group increased by
almost 56% per year (OR 1.559, CI 1.077-2.258). The
likeliness to cryopreserve was associated with having received
information on fertility-preserving measures (OR 33.663, CI
2.100-539.574).

Utilization of cryopreservation was less likely in female pa-
tients in the intervention group (OR 0.093, CI 0.026-0.330)
and was also associated with the estimated fertility risk (OR
43.665, CI 2.157-883.974). Thus, the chance to use cryopres-
ervation of patients rating their fertility risk as high was more
than 43 times greater than of those with low risk estimation in
the intervention group.
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Table 4 Results of binary logistic regression of predictors for utilization of cryopreservation

Control group’' Intervention group’ Total®

p value OR 95% C1 p value OR 95% CI pvalue OR 95% C1
Gender of patient (female) 0.002  0.100 0.023-0.427  <0.001 0.093 0.026-0.330  0.000 0.141 0.061-0.325
Age of patient (in years) 0.019 1559 1.077-2.258 0.892 1.027 0.696-1.516  0.034 1.302 1.021-1.660
Diagnosis (brain tumours) 0.865 0.765 0.035-16.917 0.694 1.688 0.124-22.936 0.888 0.875 0.138-5.546
Diagnosis (solid tumours) 0.610 0.733 0.223-2415 0970 1.024 0.305-3432 0951 0976 0.448-2.124
Country of attending clinic (cz) 0.095 0337 0.094-1210 0473 0.635 0.184-2.193  0.052 0445 0.196-1.008
Country of attending clinic (pl) 0.094 0.156 0.018-1.369  0.798 1.267 0.207-7.771 0228 0461 0.131-1.623
Country of attending clinic (at) 0.140  0.237 0.035-1.602  0.682 1.550 0.190-12.642 0.332 0.513 0.134-1.974
Estimated risk for fertility (medium) 0.188 2400 0.652-8.826  0.162 2503 0.691-9.071  0.061 2302 0.963-5.504
Estimated risk for fertility (high) 0.807 1.196 0.284-5.032  0.014 43.665 2.157-883.974 0.134 2413 0.763-7.637
Information on prophylactic measures (yes)  0.013  33.663 2.100-539.574 0.101  10.712 0.629-182.396 0.005 10.687 2.056-55.548
Risk information before treatment - including 0.707  0.599  0.041-8.710  0.147 4.608 0.585-36.329 0.374 1.850 0.477-7.184

fertility impairment (yes)

Treatment (Intervention group) - - - - - - 0.680 0857 0.412-1.784

Gender of patient: male; diagnosis: systemic haematological malignancies (leukaemia and lymphoma); country of attending clinic: Germany; Estimated
risk for fertility: low; information on prophylactic measures: no/ don't know; risk information before treatment: no/ don't know; treatment: without

intervention (control group)

! Control group: n = 105/113 (92.9%);

? Intervention group: n=91/101 (90.1%);
3 Total: n=196/214 (91.6%):

italic: significant results
Availability of fertility protection

All data providers gave information on availability of fertility
protection in their countries: Cryopreservation of oocytes was
only available in Germany, and ovarian tissue cryopreserva-
tion only in Austria and Germany. Ovariopexy was only con-
ducted in the Czech Republic and Germany. Sperm banking
was available in all countries; testicular tissue cryopreserva-
tion was only available in Germany.

Out of 36 female patients who stated that they were planning
to use fertility protection, 25 (69.4%) did not in the end. For 16/
25 (64.0%) patients, ovarian tissue cryopreservation, and for 19/
25 (76.0%), oocyte cryopreservation, was not available in their
country. Overall, 6/25 (24.0%) female patients could not receive
an ovariopexy, as this procedure was not available in their coun-
try. Out of 63 male patients who stated that they were planning to

use fertility protection, 20 (31.7%) did not. For 14/20 (70.0%)
patients, testicular tissue cryopreservation was not available in
their country (Table 5).

Discussion

Patient Education is a first study to systematically collect data
on utilization of fertility protection in adolescent cancer patients
in four European countries. Participation rate was high for both
control and intervention group, showing the significance of the
topic to families affected. Additional information material em-
bedded in patient education did not increase the overall rate of
cryopreservation but multivariate sub-group analysis revealed
different sets of predictors for the use of cryopreservation in both
study groups: While in the control group, the use of

Table 5 Number of patients with
unavailability of fertility
protection according to country of
treatment

Czech Republic Poland Austria Germany

n % n % n % n %
Cryopreservation of ovarian tissue 13 52.0 3 12.0 - - - -
Cryopreservation of egg cells 13 52.0 3 12.0 3 12.0 - -
Cryopreservation of testicular tissue 12 60.0 1 5.0 1 5.0 - -
Cryopreservation of sperm cells - - - - - - - -
Ovariopexy - - 3 12.0 3 12.0 - -
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cryopreservation was associated with gender, age and having
received information on fertility-preserving measures, cryopres-
ervation in the intervention group was related to gender and the
estimated risk for fertility. Compared to patient education as
usual, the additional use of flyers and gender-specific brochures
seems to bring those at risk into attention more and also increase
the willingness to use cryopreservation even among younger
patients.

Providers’ perception of the parents’ and patients’ in-
terests in fertility preservation often does not align with
their actual attitudes and concerns. Especially patients of
younger age and female patients are prone to recall having
received fertility education to a lower rate than older or
male patients [4], suggesting that providers may distin-
guish before even discussing potential options with pa-
tients. Even though fertility protection in female patients
might be more complex, well-established options exist
and there has been progress for prepubertal children [6].
Unfortunately, these misperceptions as well as lack of
time and knowledge on the side of the educating physi-
cian may result in superficial discussions of future fertility
[24, 25]. Knowing that time can be short in daily clinical
routine, we developed detailed gender-specific brochures
on fertility impairment following cancer in adolescence
and fertility-preserving options as well as an additional
informative flyer. Within the brochure, a table classifying
therapy optimization trial protocols and their sub-treatment
groups into low, elevated or high risk for fertility impairment
gives the physicians a quick overview to estimate the patient’s
individual fertility risk. Prior to cancer treatment, the physi-
cian will visualize the estimated risk to the adolescents and
their parents by marking the low (green), elevated (yellow) or
high (red) risk on the fertility flyer with a cross. Additionally,
the families are asked to state whether or not they have further
questions in regard to fertility and if they wish to proceed with
fertility protection measures, supporting a shared and in-
formed decision making.

Insurance coverage of fertility protection is unequal among
participating study centres with varying options for additional
private funding support [7, 8]. We collected information on
which fertility protection was available in the participating
countries in our study. The biggest proportion of patients,
who did not receive fertility protection even they would have
liked to, were those treated in the Czech Republic: Almost half
the patients could not be offered procedures due to lack of
availability. In contrast, all patients who desired could under-
go fertility protection in Germany. However, also in Germany,
the costs for these interventions were not funded for by health
insurance: However, only recently, in March 2019, a law was
passed now making fertility protection for cancer patients part
of German health insurance coverage.

To avoid selection bias, inclusion and exclusion criteria
were applied to all newly diagnosed adolescent cancer
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patients. Non-participants were comparable to participants re-
garding gender, age and cancer diagnosis. Patient education as
usual was conducted according to the therapy optimization trial
protocols. However, form and extend of content of presentation
of patient information could differ from centre to centre and
among providers. We provided information material to the cen-
tres (short manual and instruction slides) to support further stan-
dardizing the usual patient education. Physicians, who treated and
educated the study participants may have discussed fertility issues
particularly well, having been aware of the ongoing study.
Therefore, the results for the control group and intervention group
participants may not differ as much as the onset of the study
might have been a first intervention already. The prevalence of
utilization of cryopreservation could therefore be higher in the
participating centres than usual. In addition, participating centres
had different fertility preservation measures available. For this
reason, the country of the attending clinic was included in the
multivariate analysis as a potential confounder as particularly
patients’ age and gender appeared to be influencing factors for
the utilization of cryopreservation. Due to a small case number,
some of the results of logistic regression showed broad confi-
dence intervals, which suggests uncertain estimates.

Conclusion

Although no significant difference in the utilization of cryopres-
ervation between the control and intervention groups was detect-
ed regarding treatment, sub-group analysis showed differences
between the groups regarding determinants of cryopreservation
utilization. The additional use of flyers and gender-specific bro-
chures increased the willingness to cryopreserve also among
younger patients. At the same time, the individual fertility risk
seemed to be brought into attention more. Our results emphasize
the importance of patient information for increasing the likeli-
hood to use fertility protection where adequate. Country-specific
differences in availability, affordability and feasibility of fertility
protection indicate that in addition to appropriate patient infor-
mation, further aspects affect utilization of fertility protection.
Patient information should not only inform on available mea-
sures, but also on the respective social conditions which could
impede utilization.
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