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Einleitung

1. Einleitung

Die vorliegende Habilitationsschrift fasst Studien zusammen, die sich mit der klinischen
Untersuchung zweier Liganden des Progesteronrezeptors (PR) befassen. Beide Molekile
wurden auf ihre Eignung zur Behandlung bestimmter gynakologischer Erkrankungen
untersucht. Dienogest, ein Gestagen und damit Agonist am Progesteronrezeptor, wurde
entwickelt zur Behandlung der Endometriose und ist inzwischen fir diese Indikation
zugelassen (1). Vilaprisan, ein selektiver Modulator am Gestagenrezeptor (Selective
Progesterone Receptor Modulator, SPRM) wird derzeit in Phase 3 Studien zur Behandlung

von Uterusmyomen getestet (2).

Einleitend wird zunachst die Pharmakologie beider Substanzen dargestellt und eine kurze
Beschreibung der behandelten Erkrankungen gegeben. Der Hauptteil der Arbeit befasst sich
mit klinischen Studien, die zur Untersuchung der Wirksamkeit und Vertraglichkeit beider
Substanzen durchgefiihrt wurden (3-6). Diese Habilitationsschrift fokussiert auf den Aspekt
der Wirksamkeit. Hierzu mussten zunachst Instrumente zur Erfassung relevanter klinischer
Endpunkte ausgewahlt bzw. modifiziert werden (7, 8). Einige Daten zur Vertraglichkeit beider

Substanzen werden ebenfalls prasentiert.

1.1 Progesteron und untersuchte Liganden am Progesteronrezeptor

1.1.1  Progesteron und seine Rezeptoren

Progesteron ist ein kérpereigenes Steroidhormon, das hauptsachlich nach der Ovulation im
Corpus luteum des Ovars produziert wird. Weitere Produktionsorte sind die Plazenta und die
Nebennieren. Die Progesteron-Konzentration im Verlauf des Monatszyklus wird durch die
Hypothalamus-Hypophysen-Ovar-Achse gesteuert, wobei der pulsatilen Ausschittung von
Gonadotropin-Releasing Hormone (GnRH) durch den Hypothalamus eine wesentliche
Bedeutung zukommt.

Die wichtigste Wirkung von Progesteron besteht in der Steuerung von Gewebe-
differenzierungen im Rahmen des weiblichen Monatszyklus, der Schwangerschaft und der
Laktation (9). So wird die Gebarmutterschleimhaut fir die mogliche Aufnahme einer
befruchteten Eizelle vorbereitet, indem sie sich in ein sekretorisches Gewebe umwandelt
(Dezidualisierung). Hohe Progesteronspiegel, anfangs aus dem Corpus luteum, spater

vermehrt aus der Plazenta, tragen wesentlich zum Erhalt der Schwangerschaft bei. Falls im
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jeweiligen Zyklus keine Schwangerschaft eingetreten ist, fihrt der Abfall des Progesteron-

spiegels nach Versiegen der Produktion im Corpus luteum zur Menstruationsblutung.

Die chemische Bezeichnung fir Progesteron ist Preg-4-ene-3,20-dione (Abbildung 1). Im
Korper wird Progesteron enzymatisch aus Cholesterol Uber das Zwischenprodukt
Pregnenolon gebildet (10, 11). Progesteron wird hauptsachlich in der Leber abgebaut und

kann dabei unterschiedliche, teilweise aktive, Metaboliten bilden (12, 13).

Abbildung 1: Strukturformel Progesteron

Die Abbildung zeigt die Struktur von Progesteron (Preg-4-ene-3,20-dione) mit einer Doppelbindung in
Position 4 und zwei Sauerstoffgruppen in den Positionen 3 und 20 (14, 15).

Die Wirkung von Progesteron wird hauptsachlich durch nukleare Progesteronrezeptoren (PR)
vermittelt, von denen zwei Subtypen, PR-A und PR-B, bedeutsam sind (16, 17). Die beiden
Rezeptorsubtypen werden vom selben Gen auf Chromosom 11 kodiert, beim PR-A fehlen aber
aufgrund von post-transskriptionalem Splicing zahlreiche Aminosauren am N-terminalen Ende
(18). PR-A und PR-B liegen normalerweise im Komplex mit hemmenden Begleitmolekullen
(Chaperones) vor und werden dadurch inaktiviert. Die Bindung von Progesteron fuhrt zu einer
Konfigurationsanderung und zur Abspaltung der Chaperones (19). Nach Dimerisierung und
Bindung an spezifische hormonempfindliche Bereiche der DNA (hormone responsive element)
wird unter Mitwirkung weiterer Faktoren die Transkription bestimmter Gene aktiviert oder
unterdrickt (20).

Die Existenz von weiteren Subtypen und membranstandigen Rezeptoren wird in der Literatur
diskutiert, ihre Bedeutung scheint aber untergeordnet zu sein (21-24). Weitere nicht-
genomischen Effekte kdnnen Uber andere Signalkaskaden vermittelt werden (25-28). Diesen
kommt moglicherweise eine wichtige Rolle in der Pathophysiologie und Behandlung

gynakologischer Erkrankungen zu (29).
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1.1.2 Synthetische Liganden am Progesteronrezeptor

Die Identifizierung synthetischer Agonisten am Progesteronrezeptor bildete die Grundlage fiir
die Entwicklung oraler Kontrazeptiva, die in den 1960er Jahren verfliigbar wurden. Seither
wurde eine Reihe solcher Gestagene mit jeweils unterschiedlichem Spektrum an Teil-
wirkungen entwickelt (30). Meist kommen Gestagene in Kombinationen mit einem Ostrogen
(combined oral contraceptive, COC) manchmal auch als Monopraparat (progestin-only pill,
POP) in oralen Kontrazeptiva zum Einsatz (31). Weiterhin werden sie bei zahlreichen
gynakologischen Erkrankungen (z.B. Endometriose, Myome) und Regulationsstérungen (z.B.
unregelmafige Blutungen) eingesetzt (32). Der therapeutische Einsatz erfolgt dabei haufig off-
label, da die Zulassung dieser Praparate i.d.R. fUr die Indikation ,Kontrazeption* erfolgte und
die Wirksamkeit flr andere Indikationen meist nicht durch hochwertige regulatorische Studien
belegt wurde (33).

Der erste Antagonist am Progesteronrezeptor, Mifepriston (RU486), wurde in den 1980er
Jahren entwickelt und 1988 zunachst in Frankreich flr die Durchfiihrung medikamentéser
Schwangerschaftsabbriiche zugelassen. Die Verfiigbarkeit dieses Produktes spielte eine
wichtige Rolle in der Diskussion zur gesellschaftlichen und rechtlichen Einordnung von
Schwangerschaftsabbriichen (34). Die Zulassung in anderen Landern erfolgte z.T. erheblich
spater, in Deutschland z.B. erst 1999 (35).

Chemisch handelt es sich bei Mifepriston um ein 19-Nor-Testosteron-Derivat mit einer 4-

(Dimethylamino-)Phenylgruppe in der 11B-Position des Steroidgrundgertstes (Abbildung 2).

Abbildung 2: Strukturformel Mifepriston

Die Abbildung zeigt die Strukturformel von Mifepriston. Von Bedeutung ist die Dimethylamino-
Phenylgruppe in Position 11 des Steroidgeristes (36).

Dieses Strukturelement wurde zunachst als entscheidend fiir die antagonistische Wirkung am

PR identifiziert (37). Spater ergaben sich Hinweise, dass die 4-(Dimethylamino-)Phenylgruppe
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in der 11B-Position mit einem erhéhten Risiko fiir lebertoxische Effekte assoziiert ist (38-42).
Grund hierfir ist vermutlich die Bildung von Anilin-dhnlichen Metaboliten, die durch
Demethylierung dieser Gruppe entstehen (43, 44).

In der Folge wurden weitere Substanzen mit variierten Strukturelementen praklinisch und
teilweise auch klinisch getestet (45). Ein wichtiger Aspekt bei der Optimierung bestand darin,
die Bindungsspezifitat fir den PR im Vergleich zu anderen Steroidrezeptoren, z.B. dem
Glukokortikoid-Rezeptor, zu erhdéhen und damit potentielle unerwiinschte Wirkungen zu
minimieren (46). Durch Variation der Substituenten v.a. an den Positionen C-11 und C-17
konnten Substanzen mit verandertem Wirkspektrum erzeugt werden: Onapristone,
Lonaprisan, Ulipristal, Asoprisnil, Proellex, Vilaprisan (47-49). Dabei wurde auch deutlich, dass
spezies- und gewebeabhangig partiell-agonistische Wirkungen auftreten kénnen (50, 51).
Deswegen wird diese Substanzgruppe inzwischen als Selective Progesterone Receptor
Modulators (SPRMs) bezeichnet.

1.1.3 Dienogest

Dienogest ist ein synthetischer Ligand am Progesteronrezeptor, der dort agonistisch wirkt (52).
Die chemische Bezeichnung fiir Dienogest ist 17a-Cyanomethyl-17p3-Hydroxy-4.9-Estradien-
3-one (Abbildung 3).

Abbildung 3: Strukturformel Dienogest

Die Abbildung zeigt die Struktur von Dienogest (14, 53). Charakteristisch ist die Cyanomethyl-Gruppe
in Position C-17, wodurch sich Dienogest von anderen Gestagenen unterscheidet (54).

In den klassischen praklinischen Studien zur Charakterisierung eines Gestagens zeigte sich
eine hohe Selektivitat fir den PR im Vergleich zu anderen Steroidrezeptoren. Lediglich eine
leichte antiandrogene Wirkung wurde ebenfalls festgestellt. Die hohe gestagene Potenz wurde
in Versuchen zur Transformation des Endometriums bei der Ratte nachgewiesen (54, 55). In

weiteren praklinischen Experimenten zeigte Dienogest Uber unterschiedliche Mechanismen

5



Einleitung

vermittelte anti-proliferative Effekte auf endometriale Zellen. Dazu gehdért die inhibierte
Sekretion bestimmter Zytokine (56) sowie die Hemmung der Aktivitat von Proteinkinase C (57).
In pharmakokinetischen Untersuchungen zeigte sich nach oraler Gabe eine hohe Bio-
verflugbarkeit von etwa 90% und eine Plasmahalbwertszeit von etwa 10 Stunden. Dienogest
liegt zu 90% an Albumin gebunden vor, bindet aber nicht an Sex Hormone Binding Globulin
(SHBG). Dadurch werden androgene Effekte, die durch Verdrangung von Testosteron aus der
SHBG-Bindung auftreten kénnen, vermieden (54). Pharmakodynamisch ist insbesondere die
Ovulationshemmung von Bedeutung, die ab einer taglichen Dosis von 2 mg verlasslich eintritt
(58).

Als Bestandteil von Kombinationspraparaten zur oralen Kontrazeption oder zur Behandlung
von Wechseljahresbeschwerden wird Dienogest schon seit vielen Jahren erfolgreich
eingesetzt (59-61). In dieser Arbeit werden Phase 3 Studien beschrieben, in denen Dienogest

als Monotherapie zur Behandlung der Endometriose untersucht wurde (Abschnitt 2.2).

1.1.4 Vilaprisan

Vilaprisan bindet ebenfalls am Progesteronrezeptor, die Wirkung ist allerdings komplexer (62).
Das Molekul gehoért zur Gruppe der Selective Progesterone Receptor Modulators (SPRMs),
fur die gewebeabhangig agonistische und antagonistische Teilwirkungen beschrieben wurden
(63). Bei Vilaprisan steht nach bisherigen Erkenntnissen die antagonistische Wirkung im
Vordergrund (29).

O

Abbildung 4: Strukturformel Vilaprisan

Die Abbildung zeigt die Struktur von Vilaprisan (14, 41, 64). Charakteristisch sind die Pentafluor-Gruppe
in Position C-17 und die Sulfon-Gruppe am Phenylsubstituenten in Position C-11.

In préklinischen Studien zeigte Vilaprisan antagonistische Aktivitdt am Progesteronrezeptor

bereits in subnanomolaren Konzentrationen. Am Glukokortikoid-, Ostrogen- oder
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Mineralokortikoid-Rezeptor wurde keine Aktivitat beobachtet. Weiterhin besteht eine

schwache antiandrogene Aktivitat (41).

In einer pharmakokinetischen Studie mit oralen Dosierungen von 1, 5, 15, und 30 mg/Tag Uber
28 Tage wurde Vilaprisan rasch absorbiert, die Maximalkonzentration im Plasma (Cmax) wurde
nach 1 bis 3 Stunden erreicht. Die Eliminationshalbwertszeit (t1,2) betrug 31 bis 38 Stunden
nach Einmalgabe und 38 bis 43 Stunden nach Mehrfachgabe. Die Exposition (Flache unter
der Konzentrations-Zeit-Kurve, AUC) stieg proportional zur Dosis im Sinne einer linearen
Pharmakokinetik (65).

Mittels einer Massebilanzstudie wurde die Biotransformation und Elimination von Vilaprisan
weiter charakterisiert (66). Es ergab sich eine weitgehend vollstdndige Absorption nach oraler
Gabe, eine orale Bioverflgbarkeit von etwa 60%, eine Clearance von etwa 7 L/h und ein
Verteilungsvolumen von etwa 360 Litern. Im Plasma war ein komplexes Muster an Metaboliten
nachweisbar, von denen keiner die regulatorischen Kriterien fur einen major metabolite erfullte
(67, 68). Die Ausscheidung erfolgte hauptsachlich Uber die Fazes in Form unterschiedlicher
Metabolite, die renale Ausscheidung war gering. Folglich zeigte eine Studie in Patienten mit
eingeschrankter Nierenfunktion keine wesentlichen Unterschiede im Vergleich zu gesunden
Probanden (69). In Patienten mit eingeschrankter Leberfunktion wurde eine leicht erhdhte
Vilaprisan-Exposition beobachtet (70). Nach Hemmung von CYP3A4 durch ltraconazol
erhohte sich die Vilaprisan-Exposition um den Faktor sechs, nach Induktion von CYP3A4
durch Rifampicin war sie um 96% reduziert (71, 72). Dies verdeutlicht die vornehmlich

hepatische Elimination von Vilaprisan und ist bei der klinischen Anwendung zu beachten.

In einer Studie zur pharmakodynamischen Charakterisierung wurden gesunde Probandinnen
fur 12 Wochen mit Vilaprisan in einer taglichen Dosis von 0,1, 0,5, 1, 2, 5 mg oder Placebo
behandelt (73). In den Dosisgruppen ab 1 mg zeigte sich bei der Mehrzahl der Teilnehmer-
innen ein reversibles Ausbleiben der Menstruationsblutung, im Hinblick auf die Zielerkrankung
ein gewlnschter Effekt (siehe Abschnitt 1.2.2). In einer Studie zur Untersuchung der Effekte
auf die Ovarfunktion zeigte sich ab einer Dosis von 1 mg/Tag eine reversible Hemmung der

Ovulation sowie reduzierte Plasmakonzentrationen von Progesteron und Ostrogen (74).

Damit waren die Voraussetzungen gegeben, in die Phase 2 der klinischen Entwicklung

einzutreten. Die Ergebnisse dieser Studien werden in Abschnitt 2.3 dieser Arbeit beschrieben.
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1.2 Untersuchte Erkrankungen

Endometriose und Uterusmyome gehoren zu den haufigsten gynakologischen Erkrankungen.
Beide Erkrankungen zeigen Abhangigkeiten von weiblichen Sexualhormonen, weswegen
eines der Therapiekonzepte in der Beeinflussung der Wirkungen und/oder der Regelkreise
dieser Hormone besteht (75-77).

1.2.1 Endometriose

Die Endometriose ist eine chronische Erkrankung, die mit Unterbauchschmerzen und
Infertilitdt einhergeht (78). Histopathologisch ist die Erkrankung definiert durch das Auftreten
endometriumartigen Gewebes aullerhalb der Gebarmutterhdhle, meist im kleinen Becken
(79). Das ektope Gewebe verhalt sich dabei ahnlich wie eutopes Endometrium und unterliegt
hormonellen Veranderungen entsprechend des weiblichen Zyklus. Folglich treten die
Schmerzsymptome zunachst oft zyklisch auf (80). Das ektope Gewebe kann die umliegenden
Organe infiltrieren (deep infiltrating endometriosis, DIE) und induziert dabei eine chronische
Entzlindungsreaktion. Je nach Lokalisation der Lasionen kénnen die klinischen Symptome
sehr unterschiedlich sein und umfassen neben Unterbauchschmerzen z.B. auch haufig
Schmerzen bei Miktion oder beim Geschlechtsverkehr. Mit langerem Verlauf geht das

zyklische Beschwerdemuster oft in eine chronifizierte Schmerzerkrankung tber (81).

Etwa 5-10% der Frauen im reproduktionsfahigen Alter sind von Endometriose betroffen (82).
Weltweit wird die Zahl der betroffenen Patientinnen auf Gber 170 Millionen geschatzt (80). In
Deutschland treten etwa 40.000 Neuerkrankungen pro Jahr auf und jahrlich werden etwa
20.000 Frauen wegen endometriosebedingter Beschwerden im Krankenhaus behandelt (83,
84). Wegen der Haufigkeit, dem chronischen Charakter der Erkrankung und dem
Erkrankungsalter in jungen Jahren entstehen erhebliche direkte (z.B. stationdre Behandlung)
und indirekte (z.B. Arbeitsausfall) Kosten fir die Gesundheitssysteme (82). Aufgrund der
variablen Symptomatik, unzureichender Aufklarung und Fehlen eines nicht-invasiven Tests
verzogert sich die Diagnosestellung oft um mehrere Jahre (85). Ruckwirkend stellt sich haufig
heraus, dass bereits seit dem Jugendalter eine pathologisch schmerzhafte Menstruation

bestand, die aber von der Patientin und ihrem Umfeld als ,normal“ betrachtet wurde (86) .

Die medikamentése Therapie der Endometriose besteht typischerweise zunachst in
symptomatischer Schmerztherapie mit NSAIDs (non-steroidal anti-inflammatory drugs)
kombiniert mit einem gestagenhaltigen Praparat. Hierflir kommen Gestagen-Monopraparate
oder Kombinationen mit einem Ostrogen infrage. Zu Beginn der in dieser Arbeit beschriebenen

Studien galten GnRH-Analoga noch als Goldstandard in Bezug auf die Wirksamkeit in der
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medikamentdsen Endometriosetherapie. Wegen der erheblichen unerwiinschten Wirkungen
(z.B. Hitzewallungen, Verlust an Knochenmasse) und der Verfligbarkeit besser vertraglicher
Alternativen wird diese Substanzgruppe inzwischen deutlich weniger eingesetzt. Dazu haben
auch die Ergebnisse der in Kapitel 2.2 dieser Arbeit beschriebenen klinischen Studien
beigetragen, auf deren Grundlage Dienogest zugelassen und in viele Therapierichtlinien

aufgenommen wurde (83, 87-89).

In vielen Fallen, insbesondere wenn neben der Schmerzsymptomatik auch Infertilitat vorliegt,
wird eine chirurgische Therapie notwendig. Diese wird meist laparoskopisch durchgefiihrt mit
dem Ziel, sichtbare Lasionen zu entfernen und die ggfs. durch Verwachsungen gestorte
Anatomie wiederherzustellen (90). Auch die chirurgische Therapie ist haufig nicht kurativ und
etwa 50% der operierten Frauen bendétigen innerhalb von 5 bis 7 Jahren einen erneuten Eingriff
(91).

1.2.2 Myome des Uterus

Uterusmyome sind benigne Tumore, die von Zellen der glatten Muskulatur der Gebarmutter
ausgehen (92). Weltweit sind Myome bei etwa 30-40% aller Frauen im gebarfahigen Alter
nachweisbar, in der Altersgruppe der 40- bis 50-jahrigen Frauen liegt die Pravalenz je nach
Population bei bis zu 80% (93, 94). Es handelt sich damit um die haufigsten gynakologischen
Tumore. Die Pravalenz hangt unter anderem von der Ethnizitdt ab und ist z.B. bei
Amerikanerinnen, die aus Afrika stammen, hoher als bei Amerikanerinnen europaischer
Abstammung (95, 96). Die Atiologie von Uterusmyomen ist bisher nicht gut verstanden,
vermutlich tragen somatische Mutationen in Zellen des Myometriums und klonale Vermehrung
zu ihrer Entstehung bei (97, 98). Beim spateren Grofienwachstum von Myomen kommt dem

Progesteronrezeptor eine wichtige Rolle zu (29, 92).

Myome kdnnen symptomlos bleiben, aber etwa 50% verursachen behandlungswirdige
Beschwerden. Haufigste Symptome sind verstarkte Menstruationsblutung mit entsprechenden
Folgeerscheinungen (Anamie) sowie Druck- und Schmerzbeschwerden im Unterbauch. Bei
jungeren Patientinnen stehen manchmal auch Fertilitatsprobleme oder
Schwangerschaftskomplikationen im Vordergrund (99). Oft werden negative Auswirkungen
auf soziale und berufliche Aktivitdten berichtet, die zu erheblichen psycho-sozialen
Belastungen fihren (100-102).

Uterusmyome gehoren innerhalb der Gynakologie zu den haufigsten Griinden fiir stationare
Behandlungen (103, 104) und sind in vielen Landern die haufigste Indikation flr eine operative

Entfernung der Gebarmutter (Hysterektomie) (105-108). Ein wesentlicher Nachteil der Hyster-
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ektomie ist der Verlust der Gebarfahigkeit, so dass dieser Eingriff nur bei Frauen mit
abgeschlossener Familienplanung in Frage kommt. Es existieren auch einige uterus-
erhaltende Verfahren, die aber oft keine dauerhafte Symptomfreiheit erreichen (109, 110).
Medikamentése Behandlungsoptionen sind derzeit begrenzt und oft mit deutlichen
unerwinschten Wirkungen verbunden, wie etwa dem Verlust von Knochenmasse mit dem

daraus resultierenden Risiko fur pathologische Frakturen (111).

1.3 Ziele der Arbeit

Ziel der in dieser Habilitationsschrift zusammengestellten wissenschaftlichen Studien war es,
die klinische Wirksamkeit der beiden untersuchten Liganden am Progesteronrezeptor in der
jeweils angestrebten Indikation, Endometriose fiir Dienogest und Uterusmyome fir Vilaprisan,
zu untersuchen. In beiden Fallen mussten zunachst geeignete klinische Endpunkte
ausgewahlt und validiert werden. Fir Dienogest lagen bereits Daten zur Dosisfindung vor, so
dass hier das Ziel im Nachweis der Wirksamkeit im Vergleich mit Placebo bzw. einer aktiven
Vergleichssubstanz bestand. Vilaprisan befand sich noch in einer friheren Phase der
Entwicklung, so dass hier zunachst die Bestimmung der therapeutischen Dosis sowie ein

erster orientierender Wirksamkeitsnachweis erfolgen sollten.

Zusammenfassend hatten die Studien folgende Ziele:

1. Identifikation bzw. Entwicklung geeigneter Methoden zur Untersuchung der
klinischen Wirksamkeit beider Substanzen (Kapitel 2.1)

2. Nachweis der klinischen Wirksamkeit von Dienogest fir die Behandlung der
Endometriose (Kapitel 2.2).

3. Bestimmung der therapeutischen Dosis und orientierende Untersuchung zur
klinischen Wirksamkeit von Vilaprisan fur die Behandlung von Myomen des Uterus
(Kapitel 2.3).

10
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2. Ergebnisse eigener Arbeiten

In diesem Abschnitt werden die Ergebnisse der wichtigsten eigenen Arbeiten kurz
zusammengefasst. Weitere eigene Publikationen, die einen engen inhaltlichen Zusammen-
hang zu den beschriebenen Artikeln aufweisen, sind jeweils am Ende eines Abschnitts

genannt.

2.1 Studien zur Validierung von klinischen Endpunkten

Beide Erkrankungen, die in dieser Arbeit behandelt werden, sind gepragt durch Haupt-
symptome, die sich schwer bis gar nicht objektiv erfassen lassen. Bei der Endometriose
handelt es sich dabei meist um Schmerzen, bei den Uterusmyomen haufig um eine verstarkte
Menstruationsblutung. Fir beide Erkrankungen lagen Erfahrungen aus friheren klinischen
Studien und teilweise auch behdrdliche Zulassungen von Medikamenten vor. Allerdings hatten
sich die Anforderungen der Zulassungsbehdérden an klinische Endpunkte erheblich verscharft,
so dass der Nachweis der methodischen Qualitat der verwendeten Endpunkte einen wichtigen

Teil der wissenschaftlichen Arbeit darstellte.

211  Untersuchung von Schmerzen bei Patientinnen mit Endometriose

Gerlinger C, Schumacher U, Wentzeck R, Uhl-Hochgraber K, Solomayer EF, Schmitz H,
Faustmann T, Seitz C. How can we measure endometriosis-associated pelvic pain?
Journal of Endometriosis 2012; 4 (3): 109-116.

Hintergrund: Das Hauptsymptom der Endometriose, Schmerzen, lasst sich nicht objektiv
erfassen. Grofe und Zahl der endometrialen Lasionen, die intra-operativ dokumentiert werden
koénnen, korrelieren nur unzureichend mit der Schmerzsymptomtik (112). Daher werden in
Studien zur Untersuchung der Wirksamkeit von Therapien der Erkrankungen typischerweise
sogenannte Patient Reported Outcomes (PROs) verwendet. Die methodischen An-
forderungen an die Entwicklung und Validierung solcher PRO-Instrumente sind in den letzten
Jahren deutlich gestiegen. Federfiihrend war hier die US-amerikanische Zulassungsbehorde
FDA (113). In der vorliegenden Arbeit wurden einige etablierte PRO-Instrumente, die in
Endometriosestudien Anwendung fanden, hinsichtlich ihrer Eignung als Endpunkt zur

Untersuchung der Wirksamkeit neuer Behandlungsoptionen in klinischen Studien verglichen.
Methoden: Verglichen wurden eine Visuelle Analogskala (VAS), der Biberoglu & Behrman

Score (B&B) sowie die Unterskala ,bodily pain“ aus dem SF-36 Fragebogen (114, 115). Als

sogenannter Anker fur den Vergleich diente der Clinical Global Impression Score (CGl) (116).
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Untersucht wurden hauptsachlich die parametrischen und nicht-parametrischen Korrelationen

der Fragebdgen untereinander. Weiterhin wurden die jeweiligen Effektgrolen berechnet.

Ergebnisse: Die Auswertung erfasste Daten von insgesamt 428 Patientinnen, die an drei
Endometriosestudien mit vergleichbaren Studiendesigns teilgenommen hatten. Das mittlere
Alter der Patientinnen betrug 31,4 Jahre (+/- 6,3), der mittlere Schmerzscore bei Baseline lag
bei 58,1 (+/- 21,9) auf der 100mm VAS. Die héchste Korrelation mit dem CGI ergab sich flr
die VAS gefolgt von der Frage zu ,pelvic pain“ innerhalb des B&B. Die héchsten EffektgroRen
zeigten sich flr die Frage zu ,dysmenorrhea“ innerhalb des B&B und die Subskala ,bodily
pain“ des SF-36, gefolgt von der VAS.

Diskussion: Die gute Korrelation der VAS mit dem CGI I&sst sich mdglicherweise durch die
allgemeine Formulierung der VAS-Frage erklaren (...your subjective level of endometriosis
pain...“), womit die Patientin vermutlich ein breites Spektrum an Schmerzsymptomen
verbindet. Dadurch ergibt sich eine gute Korrelation mit dem ebenfalls recht allgemein
gehaltenen CGIl. Zur Beurteilung des umfassenden Behandlungseffektes ist eine solche
Ubergeordnete Frage besser geeignet als Fragen, die einzelne Schmerzaspekte (z.B.
Schmerz wahrend der Regelblutung oder beim Geschlechtsverkehr) spezifischer erfassen. Als
zusatzliche, sekundare Endpunkte sind spezifischere Fragen aber durchaus sinnvoll, da sie
die Wirkung unterschiedlicher Therapieoptionen besser charakterisieren. Selbst die gut
korrelierende VAS erklart nur 28% der Variabilitdt in der Behandlungszufriedenheit. Dies
deutet stark darauf hin, dass andere Therapieaspekte als die reine Schmerzreduktion einen
wichtigen Einfluss auf die Lebensqualitat (QoL) betroffener Patientinnen haben.

Zusammenfassend wird empfohlen, eine generelle Frage zur Erfassung des Endometriose-
schmerzes als primaren Endpunkt zu verwenden. Erganzt werden sollte dieser durch
sekundare Endpunkte zur Erfassung spezifischer Schmerzarten sowie erkrankungs-

spezifischer QoL-Aspekte.

Weitere eigene, relevante Publikationen zu diesem Thema (115, 117, 118):

Gerlinger C, Schumacher U, Faustmann T, Colligs A, Schmitz H, Seitz C. Defining a minimal clinically
important difference for endometriosis-associated pelvic pain measured on a visual analog scale:
analyses of two placebo-controlled, randomized trials. Health Qual Life Outcomes. 2010 Nov 24;8:138.

Seitz C, Lanius V, Lippert S, Gerlinger C, Haberland C, Oehmke F, Tinneberg HR.
Patterns of missing data in the use of the endometriosis symptom diary. BMC Womens Health. 2018
Jun 8;18(1):88.

Stull DE, Wasiak R, Kreif N, Raluy M, Colligs A, Seitz C, Gerlinger C. Validation of the SF-36 in patients
with endometriosis. Qual Life Res. 2014 Feb;23(1):103-17.
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ABSTRACT

Purpose: The aim of our work was to explore which of the most commonly used pain scales is best
suited to assess treatment success in endometriosis therapy and, therefore, qualifies best to be used
as primary endpoint for clinical studies in this indication.

Methods: We compared patient’s responses on the different pain scales Visual Analog Scale, Bib-
eroglu and Behrman Score, and SF-36 Bodily Pain Subscale with the Clinical Global Impression score.
Parametric and non-parametric correlation coefficients and effect sizes were calculated.

Results: A total of 428 patients with endometriosis-associated pelvic pain from three studies were
included in our analyses. Their mean age was 31.4+6.3 years and their mean pain score on the visual
analog scale was 58.1+21.9 at baseline. The highest correlation with the Clinical Global Impression
score was observed for the visual analog scale followed by the B&B pelvic pain item. The highest ef-
fect sizes were found for dysmenorrhea and SF-36 bodily pain subscale followed by the visual analog
scale.

Conclusions: A general measure of endometriosis-related pain can be recommended as primary end-
point in clinical trials to assess painful symptoms of endometriosis. In addition, a disease-specific
quality of life tool is recommended to help interpret impact on patients’ daily activities.

Key worbs: Effect size, Endometriosis, Pelvic pain, Visual analogue scale
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INTRODUCTION

trials include, among others, the Biberoglu & Behrman
Score (B&B) (4), the Visual Analog Scale (VAS) (5), and

Pain is commonly reported as the most relevant symptom
for endometriosis patients (1, 2) and most women with
symptomatic endometriosis experience some symptoms
of pain associated with their menstrual cycle (3). The ways
to measure pain symptoms in clinical trials differ substan-
tially: pain scales used in past and recent endometriosis

the Numerical Rating Scale (NRS) (6). This problem was
recently addressed by an expert group who gave recom-
mendations regarding endpoints to be included in clinical
trials for endometriosis (7). The varied nature limits direct
comparison of the trial results and makes meta-analyses
difficult. The situation is further complicated by the differ-
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ent preferences of important regulatory agencies. While the
VAS is one of the most widely used pain scales in Europe
and was also used as a primary endpoint in studies of the
most recently approved drug for treatment of endometrio-
sis in Europe (8), the FDA indicated a clear preference for
the B&B score and its components (9). In Japan the most
recent approval for an endometriosis therapy was based
on studies using several five-point pain measurements and
a VAS (10). While these pain scales assess the most rele-
vant clinical symptom of endometriosis they may not cover
other important aspects of the disease. Therefore, more
comprehensive tools to assess quality of life (QoL) are
often included in endometriosis clinical trials (5, 11), e.g.
the SF-36 (12). This nondisease-specific QoL instrument
has recently been validated for use in patients with endo-
metriosis (13). A subscale to assess “bodily pain” is part
of this instrument showing a good correlation with other
pain scales in endometriosis patients. Nondisease-specific
tools such as the SF-36 facilitate comparison of the burden
of the disease with other illnesses. Disease-specific tools
such as the EHP-30 or -5 are generally more sensitive, but
do not facilitate comparison across diseases.

The aim of our work was to explore which of the most com-
monly used pain scales is most suitable to assess treat-
ment success in endometriosis therapy and, therefore,
best qualifies for use as a primary endpoint in clinical stud-
ies for this indication. To this end, we compared different
pain scales with the Clinical Global Impression (CGI) score.
This single item tool assesses “overall treatment success”
without differentiation into specific symptoms or aspects
of QoL. It qualifies perfectly as a so- called “anchor”, i.e.
a very simple tool to compare the more complex tools
against (14).

Specifically, we wanted to analyze (A) which pain scale re-
flects patient satisfaction best and (B) which instrument is
most suitable to assess treatment effects.

MATERIALS AND METHODS

Studies

Three recent studies with a similar design used measurement of
endometriosis-associated pelvic pain (EAPP) on a VAS as pri-
mary endpoint (Fig. 1); several other patient reported outcomes
(PROs) were assessed as secondary endpoints. Study 1 (5)
was a multicenter, open-label, controlled, randomized, parallel

Please indicate your subjective kevel of endometricsls pain lookdng back at the last 4 wecks,
Mark it with a single vertical mark on the line.

absence | | nbearabie
of pain | | pain

Fig. 1 - Visual analogue scale.

group study to investigate the efficacy and safety of daily oral
administration of 2 mg Dienogest (DNG) versus intramuscular
administration of 3.75 mg Leuprorelin Acetate (LA) every four
weeks for the treatment of symptomatic endometriosis over 24
weeks. Study 2 (11) was a multicenter, double-blind, random-
ized, placebo-controlled, parallel-group study to investigate the
efficacy and safety of daily oral administration of 2 mg DNG
tablets for the treatment of endometriosis over 12 weeks. Study
3 (ClinicalTrials.gov Identifier: NCT00185341) compared an ex-
perimental treatment (ET) to placebo (PL) and used a design
almost identical to study 2. ET in study 3 was revealed to be no
more efficacious than PL. For the purpose of this analysis, ET
was therefore pooled with PL. Patients on LA were excluded
from our analyses because of the expected confounding of
the QoL scores with the typical side effects of LA, such as hot
flushes and amenorrhea, which precluded the pooling of the
LA-treated patients with those of the other groups.

The study protocols were approved by local independent Eth-
ics Committees and all participants provided written informed
consent before study enrolment. Studies were performed in ac-
cordance with the amended version of the Declaration of Hel-
sinki and complied with Good Clinical Practice.

Patients

In all studies, 18 to 45-year-old women between menarche and
menopause, and in good general health except for endometrio-
sis, were eligible for inclusion. Inclusion criteria included lapa-
roscopically confirmed endometriosis (stage |-V, using revised
American Society of Reproductive Medicine [-rASRM] scoring)
(15,16), which was determined at laparoscopy within 12 months
prior to study baseline. Patients had to report at screening and
baseline an EAPP score of at least 30 mm (study 2) or 40 mm
(study 3) on a VAS, where 0 mm represents absence of pain
and 100 mm indicates unbearable pain. For study 1 there was
no minimal VAS score requirement at study entry.

Exclusion criteria included pregnancy or breast feeding, use
of an intrauterine device, amenorrhea within three months of
screening, signs or symptoms of therapy resistant endometrio-
sis or need for immediate surgical treatment of endometriosis,

110 © 2012 The Authors - ISSN 2035-9969



Gerlinger et al

A. Pelvic pain
Mone 0
Mild 1 = Decasional pabic discomiort

Moderate 2 = Notceable descomfort for most of the cycle
Severs

B. Dysmenorrhea

Mone o

Mild 1 = Some loss in work efficiency

Moderate 2 = In bed part of the day, occasional loss of work efficiency
Severe 3 = In bed one or more days, incapacitation

C. Dyspareunia

Monea 0

Mild 1 = Tolerated discomfort

Moderate 2 = Intercourse painful lo the point of cawsing interdiction
Severa 3 = Awoids intercourse becausa of pain

3 = Requires strong analgesics. Persists during cycle when not menstruating

Fig. 2 - Biberoglu and Beh-
rman score.

Total Pelvic Pain Score (A + B + C)

None 0

Mild 1-3
Moderate 4-6
Severe T-9

D. Pelvic Tenderness

Mona 1]

il 1 = Miramal lendemess on palpation
Moderate 2 = Extensive tendemess on palpation
Severes 3 = Unable to palpate because of lendemess

E. Induration
Mone 0
Mild 1 = Uterus freely mobile, induration in the cul-de-sac

Moderate 2 = Thickened and indurated adnexa and cul-de-sac,
resincted wenne mobility

Severs 3 = Nodular adnexa and cul-de-sac. uterus frequently frozen

Total Physical Sign Score (D + E)

MNone o

Mild 1-2
Moderate -4
Severa 5-6

Total Symptom and Sign Severity Score (A+ B+ C + D + E)

MNone ]

Mikd 1-2
Modorate 3-5
Severe 6-10
ViEry Severs 11 -15

recent use of hormonal agents (e.g., GnRH agonists < 6 months
before screening, progestins or danazol < 3 months before
screening, or oral contraceptives < 1 month before screening),
clinically relevant findings at gynecologic examination other
than endometriosis, or an abnormal cervical cytologic smear in
the last three months.

Endpoints

Among other clinical parameters not covered in this paper,
the following endpoints were documented in all three stud-
ies and were used for this pooled analysis.

The VAS for EAPP (Fig. 1) is a 10 cm long horizontal line with its
extremes marked as “absence of pain” and “unbearable pain”.
The patient ticks her pain level on the line and the distance from
the left extreme “absence of pain” to the tick mark is measured
in millimeters yielding a pain score from 0 to 100.

The B&B score (4) consists of a rating (0 = none; 1 = mild; 2 =

moderate; 3 = severe) based on the patient’s assessment of
three distinct pain symptoms (dysmenorrhea, pelvic pain, dys-
pareunea) and on two findings obtained during gynecologic
palpation (tenderness, induration). The three pain symptoms
are combined with the “pelvic symptoms score” and the two
findings with the “physical symptoms score”. Finally, both can
be combined with the “B&B total sum score” (Fig. 2).

The CGl scale (14) originally consists of three items: severity of
illness, efficacy index, and global improvement each an-
swered on a seven-point scale. The studies reported here
used a patient-reported modification of the global improve-
ment item (1 = Very much satisfied; 2 = Much satisfied; 3
= Minimally satisfied; 4 = Neither satisfied nor dissatisfied;
5 = Minimally dissatisfied; 6 = Much dissatisfied; and 7 =
Very much dissatisfied).

The SF-36 (12) can be considered the gold standard for
QoL measurements under different conditions, but it is not
specific for endometriosis. It includes the assessment of

© 2012 The Authors - ISSN 2035-9969
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symptoms that may disrupt working ability, social relation-
ships or sexual functioning. The SF-36 consists of 36 items
combined into the eight subscales Role-Emotional, Vitality,
General Health, Mental Health, Bodily Pain, Physical Func-
tioning, Role Physical, and Social Functioning. These are
further combined into the two summary measures Mental
Health and Physical Health. The scoring system of the SF-
36 assigns higher numeric scores to a better health status.

Statistical analysis

Efficacy and quality of life data were pooled from the three
individual studies into one data set for statistical analyses.
Following the “intention to treat” principle, all patients that
provided data were included in the analyses, regardless of
possible protocol deviations.

Change from baseline was analyzed for all variables ex-
cept for the CGl which is already a measure of change.
For the assessment of correlations of pain scales with the
CGl the difference in score of a pain scale at each time
point (12 or 24 weeks, respectively) versus baseline was
compared to the CGl at the same time point. For com-
parison of effect sizes only data after 12 weeks of treat-
ment were utilized because the treatment effect can be
expected to change over time and the PL groups were
only treated for 12 weeks. For the B&B score only the
patient reported outcomes dysmenorrhea, pelvic pain,
and dyspareunea were analyzed. In addition, the “pelvic
symptoms score”, a summary measure of dysmenorrhea,
pelvic pain, and dyspareunea was analyzed. In the same
way, the analyses of the SF-36 focused on bodily pain
subscale.

Variables were analyzed by descriptive statistics using ver-
sion 9.2 of SAS software (SAS, Cary, NC, USA www.sas.
com). Parametric, i.e. Pearson (r,), and nonparametric, i.e.
Spearman (r)), correlation coefficients were calculated for
the whole population as well as separately by treatment
assignment. Effect sizes were calculated as the mean of
the change from baseline divided by the standard devia-
tion of the change.

RESULTS

A total of 428 patients, 222 receiving active treatment (i.e.
DNG) and 206 receiving inactive treatment (ET or PL), were
included in our analyses. Most patients (98.1%) were Cau-

casian as all three studies were performed in Europe. Mean
patient age was 31.4 years (= 6.3). At baseline, patients re-
ported substantial mean levels of pain symptoms on the re-
spective scales: 58.1 (+ 21.9) on the VAS, 4.8 (+ 1.7) for the
B&B subscore on pelvic symptoms, and 42.3 (= 20.0) on the
bodily pain subscale of the SF-36. There was no relevant dif-
ference in any of the baseline parameters between the treat-
ment groups, see Table I.

The correlations of the different scales with regard to chang-
es from baseline to week 12 are summarized in Table Il. Al-
most all comparisons showed a correlation in the expected
direction, i.e. improvement of pain assessed by one scale
was generally positively correlated with improvement of pain
assessed by the other scales. It is important to mention that
the scoring system of the SF-36 assigns higher numeric
scores to a better health status whereas all other instruments
assign lower numeric values to less pain. Based on the Pear-
son coefficient, the highest correlation with the CGl efficacy
index was observed for the VAS (r,=0.53) followed by the
B&B pelvic pain item (r,=0.40) while the B&B dyspareunia
item did not show a relevant correlation with the CGI effi-
cacy index (r,=0.19). Most scales showed a moderate cor-
relation between themselves; again with the exception of the
B&B dyspareunia item which was not relevantly correlated
with either B&B dysmenorrhea (r,=0.24) or SF-36 bodily pain
(r,=-0.15). The non-parametric Spearman correlations were
similar to the Pearson correlations for all variables except for
SF-36 bodily pain, where r_ indicated a substantially stron-
ger correlation than the r,. Based on r there was no relevant
correlation between SF-36 bodily pain and any of the other
pain scales (r,=0.03 to -0.13).

The results presented in Table Il are regardless of the treat-
ment. When data were analyzed by treatment, the structure
and magnitude of the correlations were not substantially al-
tered (data not shown).

Effect sizes of the different variables investigated are shown
in Table Il for both, comparison of end-of-study versus
baseline and comparison between treatment groups. Effect
sizes for comparison between treatment groups ranged from
0.24 (B&B dyspareunia) to 0.709 (B&B dysmenorrhea). The
B&B dysmenorrhea item, B&B pelvic symptoms score, SF-
36 bodily pain, and VAS had the largest effect sizes regard-
ing the comparisons within each treatment group as well as
between active and in-active groups. For the comparison
between treatment groups the effect sizes of the B&B dys-
menorrhea item, B&B pelvic symptoms score, and VAS were
0.709, 0.630, and 0.703 for SF-36 bodily pain, respectively.
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TABLE | - DEMOGRAPHICS AND BASELINE SCORES

Active Inactive Total
n % n % n %
Total Number of patients 222 100 206 100 428 100
Ethnic group: Caucasian 217 97.7 203 98.5 420 98.1
Mean SD Mean SD Mean SD
Age (years) 31.0 6.4 31.9 6.1 314 6.3
Weight (kg) 62.44 10.52 63.15 10.89 62.78 10.69
Body Mass Index (kg/m?) 22.66 3.40 22.86 3.71 22.75 3.55
Mean SD Mean SD Mean SD
Visual Analogue Scale 54.93 24.62 61.52 17.93 58.11 21.87
B&B score Pelvic pain 1.8 0.8 1.7 0.7 1.8 0.7
B&B score Dysmenorrhea 1.8 0.8 1.8 0.8 1.8 0.8
B&B score Dyspareunia 1.2 0.9 1.2 0.9 1.2 0.9
B&B score Induration 1.0 0.8 11 0.8 11 0.8
B&B score Pelvic tenderness 1.3 0.7 1.5 0.7 1.4 0.7
B&B subscore Sum of pelvic symptoms 4.8 1.7 4.8 1.8 4.8 1.7
B&B subscore Sum of physical signs 2.4 1.2 2.6 1.2 2.5 1.2
B&B Sum of scores 7.2 2.5 7.4 2.5 7.3 2.5
SF-36 subscale Emotional Role function 57.80 40.10 63.50 41.00 59.52 40.37
SF-36 subscale Energy / Vitality 47.20 19.20 49.60 18.50 47.90 19.00
SF-36 subscale General Health 51.50 21.70 46.30 20.10 49.90 21.30
SF-36 subscale Mental health 57.70 19.20 57.80 18.90 57.71 19.04
SF-36 subscale Bodily Pain 41.00 21.50 45.30 15.60 42.30 20.00
SF-36 subscale Physical function 77.90 20.00 78.40 18.00 78.03 19.41
SF-36 subscale Physical role function 49.20 38.90 55.30 37.90 51.00 38.60
SF-36 subscale Social function 64.60 2410 65.00 21.80 64.75 23.39
SF-36 summary measure Physical Health 49.98 8.76 49.99 8.76 50.00 8.72
SF-36 summary measure Mental Health 49.90 10.25 50.01 10.33 49.94 10.30

DISCUSSION

The pain and QoL scales investigated in this study are used
to measure endometriosis-associated pain in clinical stud-
ies. In our study all scales showed the expected direction
of correlation with the CGl efficacy index which was used
as the anchor indicating overall treatment success in this
analysis. However, the different scales showed substantial
variability in their degree of correlation with the anchor tool
and their ability to detect treatment effects.

The superior correlation of the VAS with overall treatment
satisfaction may result from the quite general wording of

the question used, which allows a patient to consider a
wide range of subjective and individual symptoms relat-
ing to this item. As a result this may be a better tool to
assess overall treatment satisfaction than more specific
questions. Another possible interpretation of this finding
may be that patients care most about the overall amount
of pain while the type of pain or subtle differences in the
way it is worded may be less important. Nevertheless, dif-
ferentiation between specific types of pain may be useful
as secondary endpoints in clinical trials, e.g. to help under-
stand the mode of action of a specific treatment.

The VAS, as the best instrument in this respect, still ac-

© 2012 The Authors - ISSN 2035-9969
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TABLE Il - CORRELATIONS BETWEEN THE CHANGE FROM BASELINE BETWEEN DIFFERENT PAIN SCORES

Pearson CGl, efficacy VAS B&B B&B B&B B&B SF-36
Spearman index dysmenorrhea dyspareunia pelvic subscore bodily
pain pelvic pain
symptoms
CGl, efficacy index 0.53 0.35 0.19 0.40 0.39 -0.40
VAS 0.56 0.47 0.15 0.40 0.47 -0.50
B&B dysmenorrhea 0.37 0.51 0.24 0.38 0.78 -0.47
B&B dyspareunia 0.17 0.1 0.16 0.27 0.67 -0.15
B&B pelvic pain 0.40 0.36 0.31 0.28 0.73 -0.32
B&B subscore pelvic symptoms 0.40 0.49 0.76 0.62 0.70 -0.46
SF-36 bodily pain -0.13 -0.12 0.03 0.01 -0.12 -0.06
CGil, clinical global impression; VAS, visual analog scale
TABLE Ill - EFFECT SIZES FOR CHANGES FROM BASELINE
Variable Treatment n Mean SD Effect size
Visual Analog Scale Active Treatment 210 -31.890 30.340 -1.051
Inactive Treatment 185 -19.330 21.128 -0.915
Active - Inactive 395 -12.561 26.363 -0.476
B&B dysmenorrhea Active Treatment 214 -1.252 1.101 -1.137
Inactive Treatment 194 -0.552 0.852 -0.648
Active - Inactive 408 -0.701 0.988 -0.709
B&B dyspareunea Active Treatment 190 -0.611 0.906 -0.674
Inactive Treatment 166 -0.410 0.755 -0.542
Active - Inactive 356 -0.201 0.837 -0.240
B&B pelvic pain Active Treatment 214 -0.907 0.834 -1.087
Inactive Treatment 194 -0.552 0.802 -0.688
Active - Inactive 408 -0.355 0.817 -0.435
B&B pelvic symptoms Active Treatment 190 -2.732 2.010 -1.359
Inactive Treatment 166 -1.554 1.707 -0.910
Active - Inactive 356 -1.177 1.870 -0.630
SF-36 bodily pain Active Treatment 212 28.245 27.523 1.026
Inactive Treatment 91 10.286 20.499 0.502
Active - Inactive 303 17.960 25.540 0.703

SD, standard deviation

counts for only 28% of the variability in patient’s satis-
faction with treatment (coefficient of determination R?
= 0.28). In contrast, the SF-36 only accounts for 16% of
the variability. This strongly supports the need to include
validated disease-specific QoL tools to assess aspects
of endometriosis other than pain. An example of such a

tool is the EHP-30 and its short-form the EHP-5. Other
tools are currently being developed following the recently
published FDA guidance on development of PRO instru-
ments (16 and VALEPRO study, ClinicalTrials.gov Identifier:
NCT01643122). However, these tools were not available at
the time the reported trials were performed.
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Ethical and financial requirements of clinical trials are to
achieve a valid result while exposing as few patients as
possible to an experimental treatment. The endpoint with
the highest effect size requires the smallest sample size.
Given the effect sizes calculated in this analysis, a clini-
cal trial using the bodily pain subscale of the SF-36 would
require a sample size of 88 patients compared to 188 pa-
tients when the VAS is used to attain the same statistical
power of 90%. The dysmenorrhea item of the B&B showed
an even better effect size. This result, however, may be in-
fluenced by a high proportion of amenorrhea caused by
active treatment in many patients and may not hold true in
other types of treatment based on other modes of action.
This study did not assess the aspect of content validity of
the different scales for their use in endometriosis patients.
This aspect, however, is crucial according to guidance is-
sued by the FDA recently (17). The widely used B&B scale
especially does not appear to fulfill the requirements for
state-of-the-art PRO tools as its items were developed
based on expert opinion rather than patient input. The
same holds true for the VAS but may be less critical as the
question is phrased so generally that patients will probably
include a wide range of symptoms. In addition, the VAS ap-
pears to be the only scale with an empirically established
minimal clinically important difference (MCID). Gerlinger et
al. (18) found the MCID for the VAS scale in endometriosis
patients to be in the order of 10 mm. For other endpoints
no comparable empirically derived MCID is available. FDA
and clinical experts recommended using a numeric rating
scale (NRS) instead of a VAS which can be expected to
provide similar results (19).

The strengths of this study include its large sample size
and the possibility for direct comparison of several scales
within the same group of patients. This meta-analysis sub-
stantially increases the level of evidence while supporting
expert recommendations expressed earlier on the same
topic (20) and gives practical guidance to clinical investi-
gators in the field of endometriosis.

Limitations include the relatively short observation period
(12 weeks) which may not provide the full picture on the
effect sizes and the coverage of only few distinct treatment
options. The PRO instruments investigated in this study
were applied relatively infrequently. This contrasts with an
increasing tendency from Regulatory Agencies to request
documentation of data on pain on a daily level by using
electronic diaries for example. Limitations also include the
fact that the analysis is based on pooled data from three

studies which may introduce a higher degree of variability
compared to data obtained from one study.

Summary and recommendation

Based on our analysis, a general measure of endometri-
osis-related pain (VAS/NRS) best reflects patient’s overall
satisfaction with treatment and can be recommended as
primary endpoint in clinical trials to assess painful symp-
toms of endometriosis. Daily electronic assessment to-
gether with a bleeding diary would enable differentiating
between pain related or not related to bleeding without the
risk of narrowing down the scope of the question. In addi-
tion, a disease-specific QoL instrument is recommended
in order to allow interpretation of the impact on patient’s
daily activities. Potentially, this needs to be applied less
frequently than questions on pain.
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2.1.2 Untersuchung des menstruellen Blutverlustes bei Patientinnen mit

Uterusmyomen

Magnay JL, Nevatte TM, O'Brien S, Gerlinger C, Seitz C. Validation of a new menstrual
pictogram (superabsorbent polymer-c version) for use with ultraslim towels that contain
superabsorbent polymers. Fertil Steril. 2014 Feb;101(2):515-22.

Hintergrund: In der klinischen Praxis wird das Hauptsymptom von Uterusmyomen, die
verstarkte Menstruationsblutung (heavy menstrual bleeding, HMB), typischerweise anhand
des subjektiven Eindrucks der Patientin dokumentiert (119). Aus wissenschaftlichen Studien
ist aber bekannt, dass diese subjektive Einschatzung nur schwach mit der tatsachlichen
Blutmenge korreliert (120-123). Fur Studien, die als Basis fur die Zulassung von Therapien
dienen sollen, ist daher eine verlasslichere Erfassung des menstruellen Blutverlustes
erforderlich. Die US-amerikanische Zulassungsbehoérde FDA verlangt derzeit noch die
Anwendung der quantitativen Alkalin-Hematin-Methode. Diese erfordert, dass Studien-
teilnehmerinnen ihre benutzten Hygieneprodukte (Binden und Tampons) sammeln und beim
Studienzentrum abgeben. Von dort werden diese zu einem Zentrallabor verschickt und das
enthaltene Blutvolumen mittels chemischer Analyse bestimmt. Die Methode ist unangenehm
fur die Studienteilnehmerinnen und fiuhrt zu einer erhéhten Zahl an Studienabbrichen und
fehlenden Daten (124). Als Alternative wurden semi-quantitative Methoden entwickelt, bei
denen jedes verwendete Hygieneprodukt mit vorgegebenen Bildern verglichen und die
Auswahl dokumentiert wird (Pictorial Blood-loss Assessment Chart, PBAC). Danach kann das
Hygieneprodukt entsorgt werden. Im Rahmen der Entwicklung der Methode wurde jedem Bild
ein entsprechendes Blutvolumen zugeordnet, das fur die Analyse verwendet wird (125). Diese
Methode ist wesentlich angenehmer fir die Studienteilnehmerinnen und wurde von der
europdischen Zulassungsbehoérde bereits akzeptiert (1). Da sich der Aufbau und die
Inhaltsstoffe von handelsiblichen Hygieneprodukten &andern, sind die hinterlegten
Blutvolumina nur fur das jeweilige Hygieneprodukt gultig. In der vorliegenden Arbeit wurden
die erforderlichen Informationen flr einige moderne Hygieneprodukte, die hochabsorbierende
Polymere enthalten (Super-Absorbent Polymers containing, SAP-c), erhoben. Die

resultierende, aktualisierte Version des PBAC wird als Menstrual Pictogram SAP-c bezeichnet

(8).

Methoden: In die Studie wurden 122 Frauen eingeschlossen, die ihre Menstruationsblutung
subjektiv als leicht, mittel oder schwer einschatzten. Fur zwei Menstruationszyklen sollten die
Teilnehmerinnen das Menstrual Pictogram SAP-c verwenden und ihre Hygieneprodukte
anschlielend im Studienzentrum abgeben. Dort wurde zunachst das Menstrual Pictogram
noch einmal von zwei geubten Auswertern dokumentiert und anschlieBend der Gehalt an

Menstruationsflissigkeit bzw. -blut mittels der Gewichts- und der Alkalin-Hematin-Methode
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untersucht. Aus dem Vergleich zwischen beiden Methoden wurde der Blutgehalt in der
Menstruationsflissigkeit bestimmt und die Volumenwerte fir die einzelnen Abbildungen des
Menstrual Pictogram entsprechend adjustiert. AnschlieRend wurde die Sensitivitdt und
Spezifitit des Menstrual Pictogram SAP-c zur Detektion von HMB (definiert als

>80 ml/Menses) berechnet.

Ergebnisse: Es ergab sich eine starke Korrelation (r=0,97) zwischen Blutvolumen (Alkalin-
Hematin-Methode) und Flissigkeitsvolumen (Gewichtmethode), wobei der Blutgehalt
allerdings bei groReren Volumina zunahm. Nachdem die Volumenwerte der einzelnen
Abbildungen des Menstrual Pictogram fur diesen Effekt adjustiert worden waren, ergab sich
eine Sensitivitat von 82% und eine Spezifitat von 92% fir die Diagnose von HMB mithilfe des

Menstrual Pictogram SAP-c.

Diskussion: Die Ergebnisse zeigen, dass das Menstrual Pictogram SAP-c geeignet ist, mit
hoher Sensitivitat und Spezifitat zwischen Menstruationsvolumina im Normalbereich und HMB
zu unterscheiden. Damit eignet sich die Methode sowohl fur die Erfassung eines
entsprechenden Einschlusskriteriums bei Studienstart als auch fur die Dokumentation des
Behandlungseffektes im Rahmen einer Responderanalyse. Im Vergleich zur Alkaline-
Hematin-Methode ist das Menstrual Pictogram erheblich benutzerfreundlicher und einfacher

auszuwerten.

Weitere eigene, relevante Publikationen zu diesem Thema (124, 126-128):

Magnay JL, Nevatte TM, Seitz C, O'Brien S. A new menstrual pictogram for use with feminine products
that contain superabsorbent polymers. Fertil Steril. 2013;100(6):1715-21 e1-4.

Julia L. Magnay, Shaughn O’Brien, Christoph Gerlinger, Christian Seitz. A systematic review of methods
to measure menstrual blood loss. BMC Women's Health. 2018 18:142.

Magnay JL, O'Brien S, Gerlinger C, Seitz C. Pictorial methods to assess heavy menstrual bleeding in
research and clinical practice: a systematic literature review. BMC Womens Health. 2020;20(1):24.

Haberland C, Filonenko A, Seitz C, Bérner M, Gerlinger C, Doll H, Wessiepe D. Validation of a menstrual
pictogram and a daily bleeding diary for assessment of uterine fibroid treatment efficacy in clinical
studies. J Patient Rep Outcomes. 2020 Nov 13;4(1):97.
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Validation of a new menstrual
pictogram (superabsorbent
polymer-c version) for use with
ultraslim towels that contain
superabsorbent polymers

Julia L. Magnay, M.Sc.,® Tracy M. Nevatte, Ph.D.,® Shaughn O'Brien, D.Sc.,® Christoph Gerlinger, Ph.D.,d
and Christian Seitz, M.D.¢

2 Institute for Science and Technology in Medicine, Guy Hilton Research Centre, Hartshill, and ® Department of Obstetrics
and Gynecology, University Hospital of North Staffordshire, Stoke-on-Trent, United Kingdom; © Bayer HealthCare, Global
Clinical Development, Berlin; and ¢ Gynecology, Obstetrics and Reproductive Medicine, University of Saarland Medical
School, Homburg/Saar, Germany

Objective: To validate the menstrual pictogram (superabsorbent polymer-c version) for Always Ultra-slim feminine towels containing
superabsorbent polymers.

Design: Prospective, multicenter, evaluator-blinded study.

Setting: Three gynecology research clinics in the United Kingdom.

Patient(s): Women with self-perceived light, normal, or heavy menstrual periods who had not previously used a graphical method to
assess their menstrual loss.

Intervention(s): One hundred twenty-two women were asked to complete the menstrual pictogram throughout two menstrual periods
and collect their feminine towels for measurements of menstrual blood loss (MBL) by the alkaline hematin method and total menstrual
fluid loss (MFL) by fluid weight.

Main Outcome Measure(s): Agreement of menstrual pictogram MBL and MFL scores with alkaline hematin and towel weight, respec-
tively. The percentage blood fraction was determined at various volumes of menstrual discharge.

Result(s): Alkaline hematin and fluid weight were highly correlated (r = .97). However, the percentage blood fraction progressively
increased with total MFL and MBL score. After correction for this incremental rise in blood fraction, the menstrual pictogram gave
a sensitivity of 82% and a specificity of 92% for a diagnosis of heavy menstrual bleeding.
Conclusion(s): The menstrual pictogram (superabsorbent polymer-c version) provides a simple
means of measuring MBL in the clinical setting. (Fertil Steril® 2014;101:515-22. ©2014 by
American Society for Reproductive Medicine.)

Key Words: Heavy menstrual bleeding, menstrual pictogram, pictorial blood loss assessment
chart, menstrual blood loss, superabsorbent polymers
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per cycle (1). The definitive method of
diagnosing HMB is the alkaline hema-
tin technique (2), but it is mainly

eavy menstrual  bleeding confined to the research setting.
H (HMB) is defined as >80 mL Furthermore, it measures only the
blood component of menstrual

of menstrual blood loss (MBL)
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discharge, which typically comprises
about 500 of the total volume,
although  variations have been
observed at extremes of menstrual
loss (3, 4). Because women assess their
menstrual flow on the basis of the
total amount of fluid lost, some
studies have suggested that menstrual
fluid weight is a more relevant
measurement than MBL (5-7). Both
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methods require patients to collect and store all their used
feminine products and submit them for laboratory analysis,
which may not be acceptable or feasible for many women.

Alternative semiquantitative techniques such as the
Pictorial Blood loss Assessment Chart (PBAC) (8) and a later
modification, the menstrual pictogram (9), relate the visual
appearance of total menstrual fluid loss (MFL) on soiled femi-
nine products to the estimation of MBL and provide a simple
means for patients to subjectively assess their menstrual flow.
The menstrual pictogram, which was introduced in 2001,
comprises five diagrams (icons) depicting a graded series of
stained towels or tampons. Each icon was assigned an actual
blood volume that was validated against the alkaline hematin
method. The pictogram was developed using simulated men-
strual fluid (SMF) that consisted of whole blood diluted with
an equal volume of 0.9% saline (J.L. Magnay and K.M. Wyatt,
personal communication). Consequently, the allocated blood
score for each icon was exactly 50% of the total SMF volume
applied. The towel component of the pictogram was specif-
ically validated for use with thick Kotex Maxi towels (Kimber-
ley-Clark, Kent, UK) that were available over a decade ago,
but their modern equivalents have different absorbency char-
acteristics and staining patterns (10). Furthermore, many
women now prefer ultraslim, more efficient feminine prod-
ucts that contain superabsorbent polymer (SAP) granules.
Therefore, the Kotex menstrual pictogram is obsolete.

With these facts in mind, we developed a new menstrual
pictogram (SAP-c version) for use with modern feminine
towels (11). We selected Always Ultra “With Wings” products
(Proctor & Gamble) because this is the most widely used brand
of ultraslim towels in both the United States and the United
Kingdom (12-14). The new pictogram is shown in Figure 1.
It was developed with 50% SMF (using 0.9% saline) and
three Always Ultra towel types: normal, long, and night,
which have different dimensions and absorbency ratings. To
evaluate the device, 12 female volunteers were asked to
score a series of towels that contained between 0.5 and
25 mL of SMF. Target volumes were assigned to all icons.
Each volume represented the median score of all towels
matched to the respective icon by the participants. The new
menstrual pictogram was then ready for testing in the
clinical setting, with the potential to score either MBL or
total MFL.

The aims of this study were [1] to establish the relation-
ship between blood and total fluid at different levels of men-
strual loss; [2] to determine whether the new menstrual
pictogram can be used to reliably estimate MBL or total
MFL with the existing icon scores and to reassign blood scores
to accommodate changes in percentage blood fraction, if
indicated; and [3] to assess the user friendliness of the device
and whether women would be prepared to use the menstrual
pictogram as a diagnostic screening tool for HMB.

MATERIALS AND METHODS
Study Participants
Women were recruited from specific gynecology research

clinics at three study sites in England: University Hospital
North Staffordshire, Royal Shrewsbury Hospital, and Stafford

Hospital. Eligibility criteria were age 18-50 years, regular
menstrual cycles between 24 and 38 days with menses of <
10 days, willingness to use and collect Always Ultra towels
for two consecutive menstrual cycles, agreement to score per-
sonal soiled towels with the new menstrual pictogram, and a
commitment to complete the scorecard and then deliver the
towels and all documentation to the local study center within
72 hours of the end of menstruation. Exclusion criteria were
contemplation of pregnancy within the participation period;
likelihood of receiving treatment that could stop menstrua-
tion (e.g., endometrial ablation, GnRH analogs, or a Mirena
intrauterine system); or any medical treatment or investiga-
tions that could be delayed by study involvement, particularly
if endometrial hyperplasia or cancer was suspected on clinical
grounds. The use of oral contraceptives was permitted. One
hundred twenty-two premenopausal women ages 18-49 years
with self-perceived light, normal, or heavy menstrual loss
were enrolled into the study. No woman had previously
used a graphical method to assess her menstrual loss. The
project was approved by the South Staffordshire Research
Ethics Committee, United Kingdom (reference mno. 09/
H1203/4), and written informed consent was obtained from
each participant. All feminine towels used in this study
were purchased by the sponsor, Bayer HealthCare. We
received no financial support from Proctor & Gamble.

Study Protocol

At study entry (visit 1), a full menstrual, gynecological, and
general medical history was taken from each participant.
Women were asked to rate their usual menstrual periods as
light, normal, or heavy. A venous blood sample was with-
drawn for hemoglobin measurement, which was required
for the alkaline hematin analysis.

Participants were provided with the following items: Al-
ways Ultra towels, sealable plastic bags that were prelabeled
with their unique participant identification (PID) number, poly-
propylene towel containers, and a large polystyrene outer box
with coolable gel packs to store the towels during menstrua-
tion. They were also given a menstrual pictogram (SAP-c
version) and scorecard, which were combined in a foldout
booklet. Women were instructed to compare each soiled femi-
nine towel to the relevant set of icons on the menstrual picto-
gram and decide which image it most closely represented. If a
stain appeared to fall midway between two icons, they should
score the higher icon. After assessment, participants should roll
each towel inside its colored wrapper, transfer it to a sealable
plastic bag, and record the date, towel type, and icon score
on the label and on the scorecard. They should place the sealed
bag inside a polypropylene box and firmly secure the lid to
form an airtight closure. All boxes had to be stored on pre-
cooled gel packs in the designated polystyrene storage
container, and the cooling elements replaced every 24 hours.

Cycle 1 began on the first day of menstruation after
study entry. At this point, women contacted their local study
center to arrange a second visit within 72 hours of the last
day of menstruation. At visit 2 (end of menses 1), the clinical
team verified that the number of icons ticked on the score-
card matched the number of soiled towels returned for
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The menstrual pictogram (SAP-c version).

Magnay. Validation of a new menstrual pictogram. Fertil Steril 2014.

processing. The section of icon sticker that displayed the
towel type and score was removed from each plastic bag
and was filed in the participant’s case report form by the
clinical team. The PID, date, and towel number still remained
visible. Women were given additional supplies for the next
menstrual cycle, plus a Likert-style questionnaire to assess
the user friendliness of the device. Another blood sample
was taken for hemoglobin measurement. The towels were
then immediately transferred to the central reading site
(Keele Menstrual Disorders Laboratory [KMDL] at University
Hospital North Staffordshire) for expert icon assessment. At

visit 3 (end of menses 2), all materials from cycle 2 were
collected for processing.

Towel Processing

The two expert evaluators at KMDL were the first to develop the
menstrual pictogram (SAP-c version). Both were blinded to the
women'’s scores and performed the expert read before weighing
the towels to minimize any potential bias in their visual assess-
ment. The experts used a menstrual pictogram that was scaled
up to full towel size, and individual icons were printed on
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transparent 297 x 210 mm acetate sheets. Each towel was laid
flat on its colored wrapper with the underside facing upwards.
Icons were placed in turn over the stain area, and the nearest
icon match was recorded. The towel was then weighed to
0.01 g using a P1200 N precision balance (Mettler Toledo). To
calculate the fluid weight, 250 unused towels of each type
were accurately weighed, and the appropriate mean dry weight
was subtracted from the weight of the used product. Unity be-
tween weight (g) and volume (mL) was assumed, and the two
parameters were used interchangeably for the purposes of
data analysis (4, 6). Towels were repacked inside their
original containers and shipped overnight to the
Laboratorium fiir Klinische Forschung (LKF) in Germany for
measurement of MBL by a modified alkaline hematin method
(15). The analysts at LKF had no prior knowledge of the
participant or expert readings or the towel weights. Total
MBL measured by the alkaline hematin method was used as
the reference standard and was dichotomized as <80 mL
(normal blood loss) or >80 mL (HMB) per cycle.

Statistical Analysis

Following the intent-to-treat principle, all women who pro-
vided data were included in the analyses. Menstrual volume,
cycle length, duration of menses, and percentage blood frac-
tion were expressed as median values. Comparisons between
alkaline hematin and measured fluid weight were performed
using a quadratic regression model (intercept = 0) with
weight as the independent variable. Correlation of MBL scores
versus alkaline hematin and MFL scores versus total fluid
weight was determined by linear regression analysis with
participant score as the independent variable. Because this
was an exploratory analysis, no correction was made for mul-
tiple testing. Statistical analyses were two-sided with 95%
confidence intervals and a significance level of 5%. Calcula-
tions were performed using SigmaStat version 1.0 (Jandel
Corporation) and Microsoft Excel 2010.

RESULTS

One hundred twenty-two women were recruited to the study,
and 116 (95.1%) completed two menstrual cycles. Data were

TABLE 1

collected on all women who had saved towels from at least
one cycle (n = 119, number of completed cycles = 235).
The median menstrual cycle length was 28 days (range, 24-
38 days), with a menses of 4 days (range, 2-10 days). A total
of 3,325 towels were collected. Ten of these towels were
excluded from analysis because of missing participant icon
data, and a further two were omitted because of unsuccessful
alkaline hematin measurement. Therefore, 3,315 MFL scores
were compared with towel weight, and 3,313 MBL scores
were compared with alkaline hematin.

At study entry, 53 women (44.5%) described their usual
menstrual flow as heavy, but only 14 of these women (26%,
20 cycles) had a measured blood loss of >80 mL by alkaline
hematin. A further two women experienced a blood loss of
>80 mL in one cycle, although they had considered their pe-
riods to be normal. The median blood loss for the 22 HMB cy-
cles was 111 mL (range, 80.1-245 mL), and the median fluid
weight was 156 g (range, 104-286 g). The corresponding
values for the 213 normal cycles were 17 mL (range, 1-
80 mL) and 35 g (range, 6-160 g), respectively. In general,
women with heavier blood loss used more feminine products,
but there was no overall correlation between alkaline hematin
and the number of towels used or the length of menstruation
(see Supplemental Figs. 1 and 2). For example, one woman
used 15 towels over 6 days to collect 4 mL of blood (13 g of
fluid), while another used the same number of towels over
5 days to collect 122 mL (180 g of fluid). These findings
concur with other studies (9, 16, 17).

Menstrual Fluid Weight Versus Blood Volume

Menstrual fluid weight and alkaline hematin were highly
correlated (r = .97, P<.0001, n = 235 cycles; see
Supplemental Fig. 3), although the relationship was not linear
because of a progressive increment in blood fraction with
increasing total menstrual volume (4, 18). Polynomial
regression analysis showed that the 80-mL blood threshold
corresponded to a cycle weight of 147 g. However, there
was considerable overlap between cycles with normal and
excessive blood loss, and 9/22 HMB cycles gave a
menstrual fluid weight below 147 g.

Descriptive statistics for the total amount of fluid or blood loss estimated by the menstrual pictogram (participant scores), towel weight, and

alkaline hematin (AH) method, with respect to icon category.
Assigned icon score:

Parameter Icon n normal/long/night Mean
Weight (g) 1 1,113 111 1.2
2 857 3/3/4 2.9
3 742 7/6/8 5.0
4 431 10/10/12 8.2
5 172 18/18/20 13.0
AH (mL) 1 1,112 0.5/0.5/0.5 0.4
2 857 1.5/1.5/2 1.4
3 741 3.5/3/4 3.0
4 431 5/5/6 5.5
5 172 9/9/10 9.1

Magnay. Validation of a new menstrual pictogram. Fertil Steril 2014.

95% Confidence interval Median Minimum-Maximum
1.15-1.25 1.1 -0.3-6.0
2.8-3.0 2.6 0.2-14.9
4.8-5.2 4.6 0.3-17.7
7.8-8.6 7.9 0.5-24.8
12.0-14.0 13.0 0.1-36.8
0.37-0.43 0.3 0-4.3
1.3-1.5 1.1 0.1-10.8
2.9-32 2.5 0.1-11.7
5.2-5.8 52 0.3-20.1
8.2-10.0 8.8 0.1-29.7
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A

150 -

100 -

Initial

Difference in MP and alkaline hematin estimate

-100 -

-150 -

150 +

100 4

Mean of MP and alkaline hematin MBL estimate

Revised

-100 -

Difference in revised MP and alkaline hematin estimate

-150 -

Mean of revised MP and alkaline hematin MBL estimate

Bland-Altman analysis of participant menstrual pictogram (MP) estimate of MBL versus alkaline hematin estimate of MBL (A) before and (B) after
revision of icon blood volumes; n = 235 menstrual cycles. Alkaline hematin was used as the reference method to diagnose HMB (>80 mL blood loss
per cycle), and the MP categorization is shown. Symbol interpretation: light blue diamond = true negative; red circle = true positive; green
triangle = false negative; black square = false positive. The horizontal dotted lines denote the 95% limits of agreement.

Magnay. Validation of a new menstrual pictogram. Fertil Steril 2014.

Menstrual Pictogram Scores

Fluid weight and menstrual pictogram MFL scores were
significantly correlated (r = .85, P<.0001). Table 1 shows
median fluid weight and alkaline hematin values for each
icon category selected by the participants. Women tended
to slightly overestimate their fluid loss, although some un-
der- and overrating occurred within each icon group. How-
ever, 33 heavily stained towels had a measured weight
greater than the icon 5 score (range, 18-36.8 g).

Alkaline hematin and menstrual pictogram MBL scores
were also significantly correlated (r = .81, P<.0001), despite
individual exceptions. A total of 70 heavily stained towels
had a measured blood loss in excess of the icon 5 score

(range, 9-29.7 mL). Bland-Altman analysis (Fig. 2A) demon-
strated a clear tendency for the menstrual pictogram to un-
derscore  MBL at high levels of menstrual loss and
represented the cumulative effect of a high proportion of
heavily saturated towels.

Participant Versus Expert Assessments

Participant and expert ratings concurred for 59% (1,957/3,315)
of towels. The associated kappa statistic was 0.46, and the
weighted kappa was 0.65. A further 36% (1,200/3,315) of
towels showed a single icon difference. Participants’ ratings
identified 8/22 HMB cycles as >80 mL MBL and 209/213
normal cycles as <80 mL MBL, which gave the menstrual
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TABLE 2

Descriptive statistics to show the percentage of whole blood in total menstrual fluid with respect to the expert icon score.

Percentage blood in total fluid volume

Revised icon score, mL

Icon n Mean 95% Confidence interval Median Interquartile range Normal Long Night
1 1,037 32.8 31.5-34.1 27.7 16.2-45.0 0.5 0.5 0.5
2 849 44.8 43.5-46.1 45.3 30.3-58.1 1.5 1.5 2
3 781 56.4 55.1-57.8 58.7 43.6-70.7 4 3.5 4.5
4 376 64.2 62.3-66.1 67.1 53.3-76.3 6.5 6.5 8
5 214 68.0 65.7-70.3 70.6 60.0-79.3 12.5 12.5 14

Note: The revised icon blood scores are shown; n = 3,257 towels.

Magnay. Validation of a new menstrual pictogram. Fertil Steril 2014.

pictogram a sensitivity of 36% and a specificity of 98%. The
corresponding expert ratings gave a sensitivity of 73% (16/22
HMB cycles) and a specificity of 98% (208/213 normal cycles).

Recalculation of Icon Blood Scores

Table 2 shows the percentage proportion of whole blood in total
menstrual fluid with respect to icon category. For this exercise,
the calculations were based on the experts’ icon allocations
because they were considered to be more reliable than those
of the participants. For 58 (1.8%) towels, the blood fraction
was <—10% or >110%. This mainly occurred at very low vol-
umes when alkaline hematin exceeded fluid weight or fluid
weight was less than the generic dry towel weight. These data
were excluded from the analysis, although their inclusion had
virtually no impact on the calculations (<0.2% difference in
median blood fraction in any icon category, data not shown).
There was a progressive nonlinear increase in median blood
fraction (see Supplemental Fig. 4). The original assigned MBL
score (shown in Table 1) was then recalculated to the nearest
0.5 mL for each icon, using the following formula:

A
New MBL score (mL) = w0 X current MBL score |

Where A = median percentage blood loss, and 50 is the per-
centage blood fraction on which the original target scores
were based. Table 2 shows the revised MBL scores. Assigned
volumes for icons 1 and 2 were unchanged for all towel types;
those for icons 3, 4 and 5 were increased accordingly.

MBL per cycle was recalculated using the new MBL
scores. The participant assessments now identified 18/22
HMB cycles as >80 mL and 197/213 normal cycles as <
80 mL, which gave the menstrual pictogram a sensitivity of
8200 and a specificity of 92%. The corresponding expert rat-
ings gave a sensitivity of 95% (21/22 HMB cycles) and a spec-
ificity of 89% (190/213 normal cycles). Figure 2B depicts the
revised Bland-Altman analysis of participant MBL scores
versus alkaline hematin. False-negative categorizations of
HMB by the menstrual pictogram decreased from 64% (14/
22) to 18% (4/22), and false positives increased from 2% (4/
213) to 8% (16/213).

Feedback Questionnaire

Supplemental Table 1 lists the questionnaire responses from
116 participants. Women generally agreed that the menstrual

pictogram was easy to use with respect to the towel color co-
des, scorecard, and icon matching. The practicalities of stor-
ing the towels and using the pictogram under everyday
conditions were satisfactory. Always Ultra products were
acceptable, although some women expressed their preference
for tampons (mainly related to sports activity), and there was
a perception that some blood loss occurred during urination
or taking a shower, which is not recorded by the menstrual
pictogram. Some women reported difficulty in assigning an
icon when the towel stain was a different shape from those
depicted by the diagrams.

DISCUSSION

We designed a new menstrual pictogram (SAP-c version) to
estimate blood loss on the most widely used brand of ultraslim
feminine towel in the United States and United Kingdom. Like
its predecessors the PBAC and Kotex menstrual pictogram, the
new device underestimated MBL on heavily stained items
because of the score limit assigned to the higher icons (19,
20). This particularly affected women who experienced
severe menstrual loss; only 8/22 HMB cycles were rated as
>80 mL by the menstrual pictogram. However, the initial
icon scores assumed that whole blood comprises
approximately half of the total fluid volume at all levels of
menstrual discharge, but this widely reported figure of 50%
has been measured with respect to total menstrual loss per
cycle, not at the level of single feminine products (4, 18).
Individual measurement of menstrual fluid weight and
alkaline hematin on soiled towels showed that this 50%
assumption did not hold true. Blood fraction progressively
increased with volume, and thus with icon category, such
that for towels rated as icon 5, the median blood fraction
was 71%, not 50%. For a system that relies on cumulative
scoring of MBL on individual towels, this deviation
becomes a major consideration at high levels of menstrual
loss because whole blood represents a greater proportion of
the visible stain area. After applying correction factors to
the MBL scores to accommodate the change in blood
fraction with volume, the menstrual pictogram scored 18/22
cycles as HMB, which dramatically increased the sensitivity
from 36% to 82%, while marginally reducing the specificity
from 98% to 92%. To our knowledge this is the first report
of pictorial MBL assessment using differential blood-to-
fluid ratios.
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Since women judge their menstrual discharge on the total
volume rather than the composition of menstrual fluid, we de-
signed the menstrual pictogram (SAP-c version) to determine
whether total MFL (i.e., the visual appearance of a soiled
towel) could be used as an alternative assessment of HMB.
We compared pictogram total fluid scores to accurately
measured fluid weight and related these to the primary
comparator, alkaline hematin. Our objective was to establish
a cutoff score for MFL, above which HMB could be reliably
diagnosed. However, there was an overlap of cycle weights
between women with normal and excessive blood loss, which
precluded the determination of a precise normal range for to-
tal MFL. Although studies have suggested that fluid weight
(either per se or converted to volume) is a simple and appro-
priate measurement of menstrual loss (4-6), our data do not
support this argument.

There are limitations to our study. Caution should be
exercised when assessing a methodology that relies on sub-
jective assessment by patients. Women assigned a range of
volumes to each icon category, although extremes of varia-
tion occurred in relatively few cases. Inconsistencies may
have occurred because of individual perception and interpre-
tation of stain areas or incorrectly recorded data; for example,
erroneously selecting the wrong icon or ticking the wrong
box. We determined the best- and worst-case scenario for
use of the menstrual pictogram by comparing 3,315 expert
and participant ratings. There was reasonable concurrence
(59%) between the two sets of scores.

Apart from familiarity with the device, differences may
have arisen because the experts used a full-sized scoring tem-
plate rather than the reduced images of the pictogram. How-
ever, most stain shapes did not match those of the icon
diagrams (many were fragmented), and the experts had no
experience in interpreting nonstandard stain profiles in the
clinical setting. There was also a time delay between partici-
pant and expert assessment. This gave the potential for
further stain spread and a higher icon rating, but there was
no clear scoring bias; the experts awarded a higher icon to
771 towels and a lower icon to 587 towels. The products
were also assessed in batch mode in an undisturbed labora-
tory setting. This was in contrast to the less than ideal condi-
tions experienced by participants, such as a public restroom
where there may be time constraints and restricted facilities,
although the questionnaire responses indicated that women
did not consider the scoring environment to be a problem.
Given these differences, there was actually little disagreement
between experts and participants. In 95% of cases the scoring
discrepancy was less than or equal to one icon category, thus
supporting the concept that women are able to estimate their
own MBL, although not as well as a trained expert.

The validity of the menstrual pictogram (SAP-c version)
was determined in a broad patient population. The diagnostic
accuracy of this method would benefit from further assess-
ment in specific populations, such as women with heavy
and/or abnormal menstrual bleeding. Also, we did not eval-
uate extraneous MFL. Our primary goal was to validate the
menstrual pictogram (SAP-c version) against alkaline hema-
tin and menstrual fluid weight, which only measure MBL/
MFL captured on sanitary products. Opinions are divided as

Fertility and Sterility®

to whether extraneous loss significantly contributes to the
overall volume of menstrual discharge (1, 9, 21, 22),
although it may influence a woman’s perception of her
menstrual loss.

Various new treatments for HMB have recently been re-
ported, some of which have used the PBAC or Kotex men-
strual pictogram to estimate MBL (23-25). Crucially, the
validity of these pictorial devices requires consistent use of
specific sanitary materials (26). The fluid absorbency of
different feminine items varies considerably, and the
assigned scores may be inappropriate for nonvalidated
products (16, 27). The menstrual pictogram (SAP-c version)
is designed for use with Always Ultra “With Wings”
ultraslim towels and a choice of three absorbencies. Most
participants considered that the product range was suitable
for their personal requirements, although some women
would have preferred to also use tampons. We did not
assess tampons in this study. Although Tampax tampons
(Proctor & Gamble) were validated for the original
menstrual pictogram (9) and the absorbency ratings have
not changed during the last decade, new designs have been
introduced to limit leakage of menstrual discharge, which
may alter the visible stain profile. Revalidation would
therefore be required.

In summary, the menstrual pictogram (SAP-c version) is a
simple, low-cost, user-friendly method for estimating MBL on
modern ultraslim feminine towels that avoids the inconve-
nience of collecting used feminine products for laboratory
assessment of fluid weight and/or alkaline hematin. In clin-
ical practice, this method could be used to investigate patients
complaining of excessive menstrual bleeding and guide deci-
sion making with respect to appropriate therapy. It is ideally
suited to clinical trials to screen women for HMB and to assess
clinical improvement during the investigation of new treat-
ment regimens.
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Ergebnisse eigener Arbeiten

2.2 Kilinische Studien zur Wirksamkeit von Dienogest fiir die Behandlung

der Endometriose

Einige Daten zur Wirksamkeit von Dienogest in der Behandlung der Endometriose waren
bereits vor Beginn der hier beschriebenen Studien zum Nachweis der Wirksamkeit erhoben
worden (129, 130). Daraus wurde die therapeutische Dosis von 2 mg/Tag fur die kon-
firmatorischen Studien abgeleitet (siehe Abschnitt 1.1.3). Zum Nachweis der Wirksamkeit
wurden zwei unabhangige Studien durchgefuhrt, eine Placebo-kontrollierte Studie mit Test auf
Uberlegenheit und eine aktiv kontrollierte Studie mit Test auf Nicht-Unterlegenheit. Weitere
Studien zur Untersuchung der Wirksamkeit und Vertraglichkeit bei langerer Behandlungsdauer

sowie in jugendlichen Patientinnen sind hier nicht detailliert beschrieben (131, 132).

2.2.1 Testung von Dienogest gegen Placebo

Strowitzki T, Faustmann T, Gerlinger C, Seitz C. Dienogest in the treatment of
endometriosis-associated pelvic pain: a 12-week, randomized, double-blind, placebo-
controlled study. Eur J Obstet Gynecol Reprod Biol. 2010 Aug;151(2):193-8.

Hintergrund: In Studien mit dem Endpunkt ,Schmerz*® tritt haufig ein erheblicher Placeboeffekt
auf. Dieser kann unterschiedliche Ursachen haben. So ist zum Einschluss typischerweise ein
bestimmter Minimalwert auf der Schmerzskala erforderlich, weswegen Patientinnen mit
schwankenden Symptomen eher in Phasen mit starkem Schmerz eingeschlossen werden.
Eine Verbesserung der Symptome nach Behandlungsbeginn reflektiert dann eventuell nur die
Ubliche Symptomschwankung der Patientin (Regression zum Mittelwert). Ebenso kann die
umfassende Betreuung im Rahmen der Studienteilnahme zu einer subjektiven Verbesserung
von Schmerzsymptomen flihren, die nicht den Behandlungseffekt des getesteten Therapie-
verfahrens widerspiegelt. Aus diesem Grund ist es sinnvoll und Ublich in Studien zur
Untersuchung der Wirksamkeit von Schmerztherapien eine verblindete Kontrollgruppe

mitzufiihren, die Placebo erhalt.

Methoden: In die Studie wurde 198 Frauen im Alter von 18-45 Jahren mit laparoskopisch
bestatigter Endometriose und einem Schmerzscore von >30 mm auf einer 0-100 mm VAS
fur ,endometriose-assoziierte Unterbauchschmerzen“ (EAPP = endometriosis-associated
pelvic pain) eingeschlossen. Die Patientinnen wurden in zwei Behandlungsgruppen
randomisiert und zwdlf Wochen doppel-blind mit Dienogest 2 mg oder Placebo behandelt. Der
primére Wirksamkeitsendpunkt war die absolute Anderung in EAPP, die durch die Anderung
im VAS-Wert und in der Anderung der Einnahme von Schmerzmedikamenten dokumentiert

wurde.
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Ergebnisse eigener Arbeiten

Ergebnisse: Von 198 randomisierten Patientinnen haben 188 die Studie beendet. Die mittlere
Verbesserung des VAS-Wertes nach 12 Wochen Behandlung betrug 27,4 mm in der
Dienogest-Gruppe und 15,1 mm in der Placebo-Gruppe. Der Gruppenunterschied betrug
damit 12,3 mm zugunsten von Dienogest und war statistisch signifikant (p < 0,0001). Die
Anderung in der Einnahme von zusétzlicher Schmerzmedikation war in beiden Gruppen eher
gering.

Die untersuchten sekundaren Endpunkte bezogen sich auf bestimmte Schmerzarten, die bei
Endometriose haufig auftreten (schmerzhafte Menstruation, Schmerzen aullerhalb der
Regelblutung, Schmerzen beim Geschlechtsverkehr). Auch hier wurde ein Placeboeffekt
beobachtet, die Verschiebung zu geringeren Schweregraden war aber in der aktiv behandelten
Gruppe deutlicher.

Insgesamt wurde Dienogest gut vertragen, schwerwiegende unerwunschte Ereignisse wurden
nicht beobachtet. Die am haufigsten berichteten unerwinschten Ereignisse waren Kopf-
schmerzen, Spannungsgefuhl im Brustgewebe und Schwindelgeflihl. Beim menstruellen
Blutungsmuster trat ein Trend zu einer hdheren Anzahl von Tagen mit sogenanntem Spotting’

auf.

Diskussion: Wie bei dieser Indikation und dem subjektiven Endpunkt erwartet, wurde ein
deutlicher Placeboeffekt beobachtet. Die aktiv behandelte Gruppe zeigte aber eine deutlichere
Verbesserung, so dass die Wirksamkeit der Therapie mit Dienogest 2 mg Uber einen Zeitraum
von 12 Wochen klar gezeigt werden konnte. Der Zeitverlauf der Schmerzkurven deutete darauf
hin, dass der maximale Behandlungseffekt nach 12 Wochen noch nicht erreicht war. Die
geringe Veranderung beim Gebrauch von Schmerzmitteln Uberrascht zunachst, da bei
geringeren Schmerzen auch ein geringerer Bedarf an Schmerzmitteln bestehen sollte. Eine
mogliche Erklarung hierflr ist, dass Patientinnen, die bei Auftreten der Regelblutung mit
Schmerzen rechnen, die Schmerzmittel prophylaktisch bei Beginn der Menstruation

einnehmen.

Weitere eigene, relevante Publikationen zu diesem Thema (130):

Kohler G, Faustmann TA, Gerlinger C, Seitz C, Mueck AO. A dose-ranging study to determine the
efficacy and safety of 1, 2, and 4mg of dienogest daily for endometriosis. Int J Gynaecol Obstet. 2010
Jan;108(1):21-5.

" Definiert als sehr leichte Blutung, die keine Verwendung von Hygieneprodukten erfordert.
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Objective: To investigate the efficacy and safety of oral dienogest 2 mg compared with placebo in the
treatment of endometriosis-associated pelvic pain (EAPP).

Study design: This was a 12-week, randomized, double-blind, placebo-controlled, multicenter (n = 33)
study in Germany, Italy, and Ukraine of 198 women aged 18-45 years with laparoscopically confirmed
endometriosis and EAPP score >30 mm on a visual analog scale (VAS). Dienogest 2 mg or placebo was

K‘?y words: administered orally once daily. The primary efficacy variable was absolute change in EAPP from baseline
E;sgssgtei;ts to Week 12, as determined by the target variables of change in VAS score and change in intake of
Endometriosis supportive analgesic medication (ibuprofen) for pelvic pain.

Pelvic pain Results: Mean reductions in VAS score between baseline and Week 12 in the full analysis set were
Placebo 27.4 mm and 15.1 mm in the dienogest and placebo groups, respectively—a significant score difference

of 12.3 mm in favor of dienogest (P < 0.0001). Changes in intake of supportive analgesic medication were
modest in both groups. The primary efficacy measure of absolute change in EAPP demonstrated the
superiority of dienogest over placebo. Dienogest was generally well tolerated and few adverse events
were associated with therapy.

Conclusions: Dienogest at a dose of 2 mg daily for 12 weeks was significantly more effective than placebo

for reducing EAPP.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Endometriosis is a common condition in women of reproduc-
tive age, associated with recurrent episodes of pain, dysmenorrhea,
and dyspareunia [1-3]. Approved treatments for the symptoms of
endometriosis include hormonal therapies such as gonadotropin-
releasing hormone (GnRH) agonists, androgens (i.e., danazol), and
progestins [4,5]. These therapies are, however, frequently associ-
ated with sub-optimal efficacy and tolerability that may impact on
quality of life and treatment adherence [3,6]. GnRH agonists in the
absence of “add-back” therapy are associated with symptoms of
estrogen deprivation and with bone demineralization that limits
therapy to 6 months, while danazol may cause undesirable
androgenic effects and adverse lipid changes [1,4,5]. Progestins are
regaining popularity because of their long-term efficacy in pain
control, although certain progestins are associated with andro-
genic effects and weight gain [1,7].

* Corresponding author. Tel.: +49 6221 567910; fax: +49 6221 564099.
E-mail address: Thomas_strowitzki@med.uni-heidelberg.de (T. Strowitzki).

0301-2115/$ - see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.ejogrb.2010.04.002

Dienogest is a selective progestin that combines the pharma-
cologic properties of 19-norprogestins and progesterone deriva-
tives, offering potent progestogenic effects without androgenic,
mineralocorticoid, or glucocorticoid activity [8,9]. Previous trials
demonstrated that dienogest provides effective reductions in
endometriosis-associated pelvic pain (EAPP) and laparoscopic
measures of pathology [10-16]. A dose-range study indicated that
2 mg/day is the optimal dose for dienogest in the treatment of
endometriosis [11]. Recently, dienogest 2 mg daily demonstrated
equivalent efficacy to the GnRH agonists, buserelin acetate and
leuprolide acetate, for relieving the pain of endometriosis in two
24-week, randomized studies [12,13]. Based on the consistent
efficacy and safety profile demonstrated in clinical trials,
dienogest offers potential in the long-term treatment of endome-
triosis.

A placebo effect is well documented in studies of pain control
[17]. For example, Koninckx et al. [18] reported a 30% reduction in
pain severity associated with placebo even in women with deep
endometriosis. Novel treatments for the symptoms of endometri-
osis should therefore demonstrate superiority relative to placebo
to verify their efficacy. The current study is the first placebo-
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controlled investigation of dienogest 2 mg daily in the treatment of
endometriosis.

2. Materials and methods
2.1. Study design

This international, randomized, double-blind, placebo-con-
trolled study investigated the efficacy and safety of dienogest
2mg once daily orally in the treatment of women with
endometriosis and EAPP. The study was conducted at 33 centers
in Germany (n=19), Italy (n=8), and Ukraine (n =6). The study
protocol was approved by local independent ethics committees
and all participants provided written informed consent. The study
was conducted in accordance with the amended version of the
Declaration of Helsinki and complied with Good Clinical Practice.

2.2. Patients

Women aged 18-45 years, between menarche and menopause
and in good general health, with or without infertility, were eligible
for study inclusion. Inclusion criteria included histologically proven
endometriosis (stages I-IV, using revised American Society of
Reproductive Medicine [r-ASRM] scoring) [19], determined at
diagnostic laparoscopy within 12 months of study baseline. Patients
were required at screening and baseline to have an EAPP score
>30 mm on a visual analog scale (VAS; 0 mm represents absence of
pain and 100 mm indicates unbearable pain).

Exclusion criteria included amenorrhea of three or more
months, a primary need for surgical treatment of endometriosis,
previous use of hormonal agents within 1-6 months of screening
(dependent on the class of agent) or abnormal findings at
gynecological examination other than endometriosis.

2.3. Study medication

After screening, patients were observed for a 4-week treat-
ment-free period until the baseline visit, when they were assigned
in 1:1 ratio to receive a single daily tablet of dienogest 2 mg or
placebo. Assignment of patients to a treatment group was by
means of a blocked randomization list generated by a Central
Randomization Service.

Treatment started on Day 2 of the first menstruation after the
baseline visit. Dienogest or placebo tablets were subsequently
taken at the same time every day for 12 weeks. To preserve
blinding, the two treatments were indistinguishable in appear-
ance. Each center had both dienogest and placebo tablets pre-
coded. Treatment compliance was monitored by tablet counts and
patient diaries. Patients were offered supportive analgesic
medication in the form of self-administered ibuprofen tablets
up to 1200 mg/day. Patient diaries were used to record intake.

2.4. Efficacy variables

The primary efficacy variable was absolute change in EAPP
assessed from baseline to study end. EAPP was evaluated at Weeks
0,4, 8, and 12 by assessment of patient-reported pain score on VAS
and intake of supportive analgesic medication (ibuprofen tablets/
28 days).

Biberoglu and Behrman (B&B) scale scores [20] were recorded
as a secondary efficacy variable between baseline and study end to
assess changes in severity of symptoms (pelvic pain, dysmenor-
rhea, and dyspareunia) and signs (pelvic tenderness and indura-
tion). B&B scale scores were additionally summed to derive scores
for “pelvic pain”, “physical signs”, and “total symptom and sign
severity”. Further secondary efficacy variables included change in

quality of life using the SF-36 Health Survey Questionnaire, global
assessments of efficacy by patients and investigators using the
Clinical Global Impressions (CGI) scale, and withdrawals due to
lack of efficacy.

2.5. Safety variables

The incidence and severity of adverse events (overall and drug-
related) and withdrawals due to adverse events were recorded
throughout the study and reported using Medical Dictionary for
Regulatory Activities terminology.

Laboratory assessments, including hematology, clinical chem-
istry, serum estradiol (E2), and urine analysis parameters, vital sign
assessments, and physical and gynecologic examinations were
performed at screening and study end. Bleeding patterns
(frequency and intensity) were recorded daily in patient diaries
and evaluated using the World Health Organization (WHO) 90-day
reference period method [21].

2.6. Statistical analysis

The primary efficacy variable was individual absolute change in
EAPP, determined by the target variables of change in VAS score
and change in intake of supportive analgesic medication (over the
preceding 28 days) between baseline and study end. Statistical
methods were based on the assumption that intake of ibuprofen as
supportive medication could potentially confound the measure-
ment of pelvic pain using the VAS. Therefore, both VAS score and
intake of supportive analgesic medication were analyzed simulta-
neously.

Statistical analyses used the testing procedure of Roehmel et al.
[22] to ensure that any improvement in VAS score for dienogest
relative to placebo was not due to an increase in supportive
analgesic medication. If passed successfully, the procedure of
Roehmel proves the superiority of dienogest over placebo in
reducing pelvic pain (measured by both VAS and supportive
analgesic medication intake) with strict control of the type I error
rate alpha. It also provides point estimates and confidence
intervals (CIs) to assess the magnitude of effect on the two
endpoints, in accordance with European Medicines Agency
guidance [23]. The procedure of Roehmel is more powerful and
requires fewer patients than the classical Bonferroni correction in
the case of two endpoints.

The testing procedure of Roehmel was carried out one-sided with
a significance level alpha of 0.025. At an expected drop-out rate of
25%, the sample size was calculated toinclude at least 88 patients per
treatment arm, yielding a power of 90%. Missing data for VAS and
supportive analgesic medication were replaced using the last-
observation-carried-forward approach. Descriptive statistics
reported secondary efficacy and safety outcomes. Bleeding patterns
were analyzed according to Gerlinger et al. [24]. Results are
presented as means and standard deviations unless stated otherwise.

Efficacy analyses were conducted on the full analysis set (FAS)
including all patients receiving at least one dose of study
medication and with at least one observation post-dosing. A
per-protocol set (PPS) was analyzed for selected efficacy variables
in support of FAS analyses; the PPS included all FAS patients
without major protocol violations. Safety analyses were performed
on the FAS.

3. Results
3.1. Patient characteristics

Of 215 patients screened, 198 were randomized to treatment
and included in the FAS (n = 102, dienogest; n = 96, placebo). The
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Screened patients (n=215) I

Screening failures (n=17)
Withdrawal of consent n=4
Inclusion/exclusion criteria not met n=13

Randomized patients (n=198): FAS
Placebo n=26
Dienogest n=102

Dienogest n=98

|
Patients in the PPS (n=144)
Placebo n=70
Dienogest n=74

Discontinuations: Placebo  Dienogest

Withdrawal of consent n=1 n=1

Protocol deviation n=2 -
Adverse events n=1 n=2
Patient lost to follow-up - n=1

Other n=1 -
Total n=5 n=4

Patients completing study Patients with status unknown n=1
(n=188)
Placebo n=90

Fig. 1. Patient disposition.

study was completed by 188 patients. Main reasons for study
discontinuation are shown in Fig. 1. The PPS included 144 patients
(n =74, dienogest; n =70, placebo). Demographic characteristics
and disease severities, including mean VAS score, were broadly
similar at baseline in the two groups (Table 1). The majority of
patients in both groups had stage III or IV endometriosis based on
r-ASRM criteria.

Compliance with study medication measured by tablet counts
was high (dienogest: 99.7%; placebo: 99.1%). Use of concomitant
medication was reported by similar proportions of patients in the
dienogest (46.1%) and placebo (46.9%) groups.

3.2. Primary efficacy variable
Dienogest was significantly superior to placebo in reducing

EAPP in both the FAS (P =0.00165) and the PPS (P = 0.00007). The
beneficial effect of dienogest relative to placebo in reducing EAPP

Table 1
Demographic characteristics and disease severities at baseline (FAS).
Parameter Dienogest 2 mg Placebo
(n=102) (n=96)
Age (years, mean + SD) 31.5+6.7 31.4+6.0
Height (cm, mean =+ SD) 165.5+5.2 166.7+5.3
Weight (kg, mean =+ SD) 62.4+103 62.6 +£10.8
Body mass index (kg/m?, mean + SD) 22.7+35 22.5+35
Blood pressure (mmHg, mean + SD)
Systolic 115.1+94 115.9+9.5
Diastolic 72.8+6.7 721473
r-ASRM stage of endometriosis (% women)
Stage | 12.7 8.3
Stage II 16.7 19.8
Stage III 45.1 44.8
Stage IV 25.5 26.0
VAS score (mm, mean =+ SD) 56.8+18.0 57.0+17.8
Supportive analgesic 9.9+74 9.4+8.6

medication/28 days (number of
ibuprofen 400 mg tablets, mean + SD)

FAS, full analysis set; SD, standard deviation; r-ASRM, revised American Society of
Reproductive Medicine; VAS, visual analog scale.

was mainly based on the decrease in VAS score and not on the
decrease in supportive analgesic medication.

3.2.1. Change in VAS score

Dienogest and placebo were both associated with clinically
relevant reductions in VAS score. However, VAS score reductions
were significantly greater in the dienogest than placebo group
(27.4 mm and 15.1 mm, respectively; group difference: 12.3 mm;
95% C16.4-18.1; P < 0.0001) (Fig. 2). The significantly greater effect
of dienogest than placebo for VAS score reduction was also
demonstrated in the PPS, where the group difference in score at
study end was 13.2 mm (95% CI 7.3-19.2); P < 0.0001.

3.2.2. Change in intake of supportive analgesic medication

Intake of supportive analgesic medication at baseline was
modest in both groups (Table 1). Intake during the study decreased
by 4.4 + 6.4 tablets/28 days in the dienogest group and by 3.7 + 8.2

80 1 —@— Dienogest —O— Placebo
60
g
8
- 40 -
g
20
0 T ‘ T )
0 4 8 12

Weeks of treatment

Fig. 2. Change in VAS score (mean =+ SEM) over 12 weeks in dienogest and placebo
groups (FAS).



196 T. Strowitzki et al. / European Journal of Obstetrics & Gynecology and Reproductive Biology 151 (2010) 193-198

A 7 ® £
€ 1007 —= == o — @ 1007 _
3 g 1 = M
— Q
2 80- = — < 801
= ] s L
£ 607 £ s N —
£ g JI—
@
% 40 || ® 40
] ]
£ —  ; o
8 201 g 201 —
L c
s+ 0 B o N1 I
o Placebo Dienogest Placebo Dienogest 4 Placebo Dienogest Placebo Dienogest
Baseline Week 12 Q Baseline Week 12
w
©) § 1007 — . - N
®
2 god [ | - [] None
R [ mild
2 604 — O] Moderate
5 — I Severe
>
% 401 -
©
g 20
g wi-
2 0__- — N s :
5‘ Placebo Dienogest Placebo Dienogest

Baseline

Week 12

Fig. 3. B&B severity profile [20] at baseline and Week 12 in dienogest and placebo groups for single symptoms (A) pelvic pain, (B) dysmenorrhea, and (C) dyspareunia (%

patients reporting each severity) (FAS).

tablets/28 days in the placebo group (group difference: 0.74 tablets/
28 days; 95% CI —1.412-2.895; P =NS).

3.3. Secondary efficacy variables

Profiles of symptom and sign severity on the B&B scale were
similar in the dienogest and placebo groups at baseline. During
treatment, there was a redistribution in the proportions of patients
in “moderate” or “severe” categories toward “mild” or “none”
categories for B&B symptoms of pelvic pain, dysmenorrhea, and
dyspareunia in both groups. However, there was a tendency to
more frequent shifts toward lower severity categories in the
dienogest than placebo group (Fig. 3). B&B signs also showed
reductions in overall severity by Week 12 in both groups, with a
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Placebo Dienogest
Week 12

tendency toward greater reduction in severity of pelvic tenderness
in the dienogest group (Fig. 4).

Sum scores on the B&B scale demonstrated decreased intensity
over time in both groups, but more pronounced reductions in the
dienogest than placebo group. At study end, proportions of
patients in the “none” category in the dienogest and placebo
groups, respectively, were 11.8% versus 2.1% for “pelvic pain”,
17.6% versus 11.5% for “physical signs”, and 7.8% versus 2.1% for
“total symptom and sign severity”.

Quality-of-life analyses indicated greater improvements in the
dienogest group for two of eight SF-36 categories: bodily pain
(21.8 £ 22.8%, dienogest; 10.3 & 20.5%, placebo) and role emotional
(18.4 + 33.9%, dienogest; 9.6 & 46.4%, placebo). Mental sum scale and
physical sum scale scores showed similar improvements in both groups.
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Fig. 4. B&B severity profile [20] at baseline and Week 12 in dienogest and placebo groups for single signs (A) pelvic tenderness and (B) induration (% patients, as assessed by

physician) (FAS).
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Table 2
Incidences and rates of most frequent adverse events (i.e., at least 2% of patients in
the dienogest or placebo group, FAS).

Adverse event Dienogest 2 mg (n=102) Placebo (n=96)

Events n (%) patients Events n (%) patients

Headache 18 11 (10.8) 6 5(5.2)
Cystitis 3 3(2.9) 0 0

Nausea 3 3(2.9) 1 1(1.0)
Nasopharyngitis 2 2 (2.0) 6 5(5.2)
Bronchitis 2 2 (2.0) 3 3(3.1)
Influenza 2 2 (2.0) 3 3(3.1)
Depression 2 2 (2.0) 2 2(2.1)
Breast discomfort 2 2 (2.0) 1 1(1.0)
Asthenia 2 2 (2.0) 0 0

Vomiting 0 0 3 3(3.1)
Gastritis 0 0 2 2 (2.1)
Proteinuria 0 0 2 2(2.1)
Vaginal candidiasis 0 0 2 2(2.1)

FAS, full analysis set.
Order of presentation is based on the frequency of patients in the dienogest group.

The proportion of patients “very much improved/much
improved” at Week 12, assessed by physicians on the CGI, was
52.9% in the dienogest and 22.9% in the placebo group. Dienogest
also showed benefit versus placebo in assessments of overall
satisfaction, where proportions of patients “very much satisfied/
much satisfied” were 43.1% and 20.8%, respectively. One patient
withdrew due to lack of efficacy, which occurred in the placebo
group at 46 days.

3.4. Safety variables

Dienogest was generally well tolerated, with no reported
serious or unexpected adverse events. Incidences of adverse event-
related withdrawals were low in both groups (n =2, dienogest:
breast pain and uterine bleeding; n=1, placebo: blood human
chorionic gonadotropin increased). Adverse events were predomi-
nantly mild-to-moderate in intensity in both groups. Incidences of
the most common adverse events are shown in Table 2.

Adverse events considered potentially drug-related occurred in
15 patients (14.7%) in the dienogest group and 7 patients (7.3%) in
the placebo group, and included headache (2.9%, dienogest; 3.1%,
placebo), breast discomfort (2.0%; 1.0%), nausea (2.0%; 1.0%),
asthenia (2.0%; 0%), and depression (2.0%; 0%). One incidence of hot
flush was reported in the dienogest group.

Mean values for laboratory parameters (including lipid con-
centrations; Table 3) were generally normal at screening and
remained within normal limits in both groups. Mean E2 levels
were comparable in the two groups at screening
(0.273 £ 0.244 nmol/L, dienogest; 0.247 + 0.325 nmol/L, placebo).
By Week 12, mean changes in E2 levels were —0.070 4+ 0.282 nmol/L
and 0.070 + 0.554 nmol/L in the dienogest and placebo groups,
respectively.

The mean number of days, number of episodes, and duration of
episodes with bleeding/spotting were comparable between the
groups (Table 4). The mean number of days, number of episodes,

Table 4
Bleeding patterns associated with dienogest or placebo treatment.
Parameter Dienogest 2 mg Placebo
Number of days with 22.5+14.7 22.44+9.6
bleeding/spotting, mean & SD
Number of bleeding/spotting 2.6+1.6 2.8+1.1
episodes, mean + SD
Duration of bleeding/spotting 6.1+3.4 6.0+2.1
episodes, days, mean +SD
Number of spotting-only 12.0+9.7 9.7 +8.7
days, mean £ SD
Number of spotting-only 1.2 £1.3 0.6+1.2
episodes, mean + SD
Duration of spotting-only 3.9+3.6 29+1.8

episodes, days, mean 4 SD

and duration of episodes with spotting only were greater in the
dienogest than placebo group. Analysis of bleeding patterns
according to the WHO 90-day reference period method identified
the proportions of women with “infrequent bleeding” (18.4%,
dienogest; 0%, placebo), “frequent bleeding” (19.4%; 9.8%),
“irregular bleeding” (37.8%; 28.3%), “prolonged bleeding”
(24.5%; 5.4%), “amenorrhea” (1%; 0%), and “normal bleeding”
(23.5%; 60.9%). There were no withdrawals associated with altered
bleeding patterns.

4. Discussion

In this 12-week, placebo-controlled study, dienogest 2 mg daily
orally was associated with significant reductions in EAPP in
patients with endometriosis. Consistent with the beneficial effects
on EAPP, dienogest was associated with improvements in pelvic
pain, dysmenorrhea, dyspareunia, and pelvic tenderness on the
B&B scale. Improvements in global assessments of efficacy and
quality of life reported by investigators and patients offer
supportive evidence for the benefit of dienogest in endometriosis.
Notably, an improved quality of life is increasingly recognized as an
important objective, alongside improvement in symptoms, in the
treatment of endometriosis [1-3].

The improvement in EAPP associated with dienogest was
accompanied by an acceptable safety and tolerability profile,
consistent with observations in previous reports [10-16]. Treat-
ment-related adverse events were generally mild-to-moderate in
intensity.

Dienogest demonstrated a modest suppression of estradiol, in
agreement with other studies where estradiol levels remained
within the lower end of the normal range [13,16]. In contrast, a
relative increase in estradiol was observed in the placebo group,
which is compatible with normal fluctuations of the menstrual
cycle. The moderate suppression of estradiol with dienogest may
represent a potential advantage over other therapies, such as GnRH
agonists, which require estrogen add-back if used longer than 6
months. Also in contrast to GnRH agonists, dienogest was not
associated with an increased incidence of hot flushes, in agreement
with other studies [10,13].

Table 3

Mean (£SD) lipid concentrations at baseline and after 12 weeks of dienogest or placebo treatment.
Parameter (normal reference range) Dienogest 2 mg Placebo

Baseline Study end Baseline Study end

Triglycerides; mmol/L (0.8-1.94) 0.96 +0.51 1.11+0.68 0.99+0.73 1.08 +0.86
Total cholesterol; mmol/L (4.14-6.73) 4.79+0.95 4.87 +£1.03 4.94+1.12 495+1.11
HDL-C; mmol/L (1.09-2.28) 1.48+0.31 1.48+0.34 1.55+0.38 1.55+0.33
LDL-C; mmol/L (1.97-5.65) 2.89+0.73 2.93+0.77 2.95+0.75 2.95+0.76

SD, standard deviation; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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In contrast to reports for danazol, dienogest had little effect on
plasma lipid levels in the current study, consistent with other
studies [11,15]. It is beneficial for any medication to display neutral
effects on plasma lipids, particularly when used in the long term.

As expected, the bleeding data showed a higher incidence of
desynchronized bleeding patterns with dienogest relative to
placebo, but also a tendency to milder intensity of bleeding over
time. No patients withdrew due to bleeding abnormalities in the
dienogest group.

A potential limitation of this study is the short treatment
duration, as it would have been difficult to justify a prolonged
placebo treatment period in patients experiencing chronic pain. A
second potential limitation relates to the variable number of
patients recruited (range 1-28 patients) across study centers. While
different levels of patient recruitment at individual centers had the
potential to introduce systematic bias, this variation also reflected
the different sizes of the participating centers. The investigators in
this study adhered strictly to the protocol in order to maintain
objectivity in data collection, while avoiding bias in recruitment and
randomization. Baseline characteristics regarding endometriosis
disease stage did not differ from those in an active-controlled study
of dienogest that we published recently [13]. Notably, a large
proportion of the patients screened were subsequently randomized
to treatment, while overall incidences of protocol deviations were
low and were balanced between treatment groups.

Strengths of the study include the comparison of active treatment
versus placebo in a double-blind design and the use of multiple
efficacy and safety measures based on previous trial experience.
Despite knowledge of a substantial placebo effect, there remains a
scarcity of placebo-controlled studies of medications in the
treatment of pain in endometriosis [4,5]. This study therefore
represents an important contribution to evidence-based prescribing.

In conclusion, in this 12-week, randomized, double-blind,
placebo-controlled study, dienogest 2 mg/day orally was associat-
ed with significant improvements in EAPP and other efficacy
measures. Dienogest may represent an effective and well-tolerated
treatment for the painful symptoms of endometriosis.
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2.2.2 Testung von Dienogest gegen Leuprorelinacetat

Strowitzki T, Marr J, Gerlinger C, Faustmann T, Seitz C. Dienogest is as effective as
leuprolide acetate in treating the painful symptoms of endometriosis: a 24-week,
randomized, multicentre, open-label trial. Hum Reprod. 2010 Mar;25(3):633-41.

Hintergrund: Da es bereits zugelassenen Pharmaka zur Behandlung der Endometriose gab,
sollte die Wirksamkeit von Dienogest im direkten Vergleich untersucht werden. GnRH-Analoga
wirken auf die Hypothalamus-Hypophysen-Gonaden Achse und unterdriicken die Produktion
ovarieller Hormone. Hierdurch wird typischerweise eine Amenorrhoe (Ausbleiben der
Regelblutung) ausgeldst, die sich gunstig auf blutungsassoziierte Schmerzen bei der
Endometriose auswirkt. Der guten Wirksamkeit stehen deutliche Nebenwirkungen entgegen,
die durch denselben Wirkmechanismus erklarbar sind, z.B. menopausale Symptome und
Reduktion der Knochendichte. Wegen dieser unerwinschten Wirkungen wird die
Behandlungsdauer mit GnRH-Analogen meist auf sechs Monate begrenzt. Eine Behandlungs-
alternative mit ahnlicher Wirksamkeit und geringeren unerwinschten Wirkungen wirde einen

klaren Fortschritt fir die Behandlung der Endometriose darstellen.

Methoden: Patientinnen mit operativ nachgewiesener Endometriose und Unterbauch-
schmerzen wurden auf die beiden Behandlungsgruppen (Dienogest 2mg/Tag oder Leupro-
relinacetat 3,75 mg, i.m. Injektion, alle 4 Wochen) randomisiert. Wegen der unterschiedlichen
Applikationsformen war die Studie nicht verblindet. Die Behandlungsdauer betrug 24 Wochen.
Priméarer Wirksamkeitsendpunkt war die Anderung im Unterbauchschmerz zwischen Baseline
und Behandlungsende gemessen auf einer VAS (0-100 mm). Als statistische Prozedur wurde
ein Test auf Nichtunterlegenheit durchgefuhrt. Wichtige Parameter zur Erfassung der

Vertraglichkeit waren unerwinschte Wirkungen, Laborwerte und Knochendichte.

Ergebnisse: Von 252 randomisierten Patientinnen haben 229 die Behandlung beendet. Der
mittlere Schmerz bei Baseline betrug 60,2 mm in der Dienogest-Gruppe und 57,9 mm in der
Leuprorelinacetat-Gruppe. Die mittlere Schmerzreduktion am Ende der Behandlung betrug
47,5 mm in der Dienogest-Gruppe und 46,0 mm in der Leuprorelinacetat-Gruppe. Die
Nichtunterlegenheit basierend auf einer vorab definierten Nichtunterlegenheitsschwelle von
15 mm wurde mit einem p-Wert von < 0,0001 gezeigt. Der zeitliche Verlauf des Schmerz-
rickgangs war in beiden Behandlungsgruppen sehr ahnlich, etwa ab Woche 20 wurde in
beiden Gruppen ein stabiler Zustand mit mittleren Schmerzwerten unter 15 mm dokumentiert.
Sekundare Wirksamkeitsparameter bestatigten das Ergebnis der primaren Analyse.

Der Rickgang der Knochendichte betrug 4,04% in der Leuprorelinacetat-Gruppe wahrend in

der Dienogest-Gruppe ein leichter Anstieg von 0,25% verzeichnet wurde. Typische Symptome
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des Ostrogenmangels (Hitzewallungen, trockene Vaginalschleimhaut) wurden in der Leupro-
relinacetat-Gruppe haufiger berichtet.

Diskussion: Dienogest zeigte in dieser Studie eine ahnliche Wirksamkeit wie Leuprorelin-
acetat. In der Gruppe, die mit Leuprorelinacetat behandelt wurde, traten infolge der starken
Ostrogensupprimierung die erwarteten unerwiinschten Wirkungen (Knochendichtereduktion,
menopausale Symptome) auf, wahrend dies in der Dienogest-Gruppe kaum der Fall war. Aus
diesen Ergebnissen leitete sich die Hoffnung auf eine wirksame und gut vertragliche Langzeit-
therapie der Endometriose ab, die sich in spateren Studien mit langerer Behandlungsdauer
auch bestatigte (131, 133).

Weitere eigene, relevante Publikationen zu diesem Thema (131-135):

Strowitzki T, Marr J, Gerlinger C, Faustmann T, Seitz C. Detailed analysis of a randomized, multicenter,
comparative trial of dienogest versus leuprolide acetate in endometriosis. Int J Gynaecol Obstet. 2012
Jun;117(3):228-33.

Gerlinger C, Faustmann T, Hassall JJ, Seitz C. Treatment of endometriosis in different ethnic
populations: a meta-analysis of two clinical trials. BMC Women'’s Health. 2012 Apr 19;12:9.

Strowitzki T, Faustmann T, Gerlinger C, Schumacher U, Ahlers C, Seitz C. Safety and tolerability of

dienogest in endometriosis: pooled analysis from the European clinical study program. Int J Womens
Health. 2015 Apr 15;7:393-401.

Petraglia F, Hornung D, Seitz C, et al. Reduced pelvic pain in women with endometriosis: efficacy of
long-term dienogest treatment. Arch Gynecol Obstet. 2012;285(1):167-173.

Ebert AD, Dong L, Merz M, Kirsch B, Francuski M, Bottcher B, et al. Dienogest 2 mg Daily in the
Treatment of Adolescents with Clinically Suspected Endometriosis: The VISanne Study to Assess
Safety in ADOlescents. J Pediatr Adolesc Gynecol. 2017;30(5):560-7.
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BACKGROUND: Dienogest is a selective progestin that has been investigated in a clinical trial programme for the treatment of endome-
triosis. The current non-inferiority trial compared the efficacy and safety of dienogest against leuprolide acetate (LA) for treating the pain
associated with endometriosis.

METHODS: Patients with confirmed endometriosis were randomized to treatment with dienogest (2 mg/day, orally) or LA (3.75 mg,
depot i.m. injection, every 4 weeks) for 24 weeks. The primary efficacy variable was absolute change in pelvic pain from baseline to end
of treatment, assessed by visual analogue scale (VAS). Safety variables included adverse event profile, laboratory parameters, bone
mineral density (BMD), bone markers and bleeding patterns.

RESULTS: A total of 252 women were randomized to treatment with dienogest (n = 124) or LA (n= 128); 87.9 and 93.8% of the
respective groups completed the trial. Absolute reductions in VAS score from baseline to Week 24 were 47.5 mm with dienogest and
46.0 mm with LA, demonstrating the equivalence of dienogest relative to LA. Hypoestrogenic effects (e.g. hot flushes) were reported
less frequently in the dienogest group. As expected, bleeding episodes were suppressed less with dienogest than with LA. Changes in
mean lumbar BMD between screening and final visit were +0.25% with dienogest and —4.04% with LA subgroups (P = 0.0003).
Markers of bone resorption increased with LA but not dienogest.

CONCLUSIONS: Dienogest 2 mg/day orally demonstrated equivalent efficacy to depot LA at standard dose in relieving the pain associ-

ated with endometriosis, although offering advantages in safety and tolerability.

Key words: dienogest / progestins / endometriosis / pelvic pain / GnRH agonists

Introduction

Endometriosis is a prevalent and chronic condition in women of child-
bearing age (National Institutes of Health, 2007). There is currently no
cure for endometriosis and reported recurrence rates after surgical
therapy are high (Guo, 2009). The aim of most medical therapies is
to alleviate the severity of symptoms, which typically include pelvic
pain, dysmenorrhoea and dyspareunia, combined with an acceptable
safety profile that together offers an improvement in the woman’s
quality of life (Kennedy et al., 2005; Gao et al., 2006).

Commonly used medical therapies that are approved in the treat-
ment of endometriosis include: gonadotrophin-releasing hormone
(GnRH) agonists; the androgen danazol; and progestins. Although
these agents represent standard therapies in endometriosis, they are
frequently associated with suboptimal safety and tolerability that
impact on long-term use and adherence. For example, GnRH agonists
such as leuprolide acetate (LA), whereas accepted as highly efficacious
therapy, are associated with symptoms of estrogen deprivation
(including hot flushes, vaginal dryness, headache and decreased
libido) and bone demineralization that limits treatment to 6 months

© The Author 2010. Published by Oxford University Press on behalf of the European Society of Human Reproduction and Embryology. All rights reserved.
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in the absence of add-back therapy (Prentice et al., 2000; Winkel and
Scialli, 2001; Mounsey et al., 2006). Danazol is characterized by
adverse changes in lipid metabolism and androgenic adverse effects,
including weight gain, oedema, acne, hirsutism and oily skin, which
lead to low compliance with therapy (Winkel and Scialli, 2001; Selak
et al., 2007).

Progestins offer long-term efficacy in endometriosis, but a number
of these agents are associated with weight gain and androgenic
effects when administered at the high doses required for efficacy
(Mahutte and Arici, 2003; Vercellini et al., 2003). Depot medroxypro-
gesterone acetate (MPA; 104 mg, subcutaneous injection, every 3
months) has demonstrated an efficacy equivalent to LA, but long-term
use of depot MPA preparations is shown to impact adversely on bone
mineral density (BMD), while the delay in resumption of ovulation that
may follow discontinuation of this therapy is a contraindication to use
in women wishing to conceive in the near future (Vercellini et dl.,
2003; Crosignani et al., 2006; Schlaff et al., 2006). Combined oral con-
traceptives, whereas widely used to manage symptoms of endome-
triosis, are not approved for this indication in most countries and
lack a solid body of supportive clinical trial evidence (Davis et dl.,
2007).

Dienogest is a selective progestin that combines the pharmacologi-
cal properties of |9-norprogestins and progesterone derivatives, offer-
ing a pronounced progestogenic effect at the endometrium with an
absence of androgenicity and moderate suppression of ovarian activity
(Oettel et al., 1999; Schindler et al., 2006; Sasagawa et al., 2008).

In clinical trials, including a dose—response study (K&hler et al.,
2010), a placebo-controlled study (Seitz et al., 2008), an active-
controlled study versus triptorelin after laparoscopic surgery
(Cosson et al., 2002) and a long-term safety study (Seitz et al.,
2009), dienogest was shown to be an effective and well-tolerated
treatment for endometriosis. The dose—response study indicated
that 2 mg/day is the optimal dose for dienogest in the treatment of
endometriosis (Kohler et al., 2010).

The aim of the current clinical trial was to investigate the efficacy
and safety of dienogest 2 mg orally once daily in the treatment of
pelvic pain associated with endometriosis in a direct comparison
using a non-inferiority design against a current standard therapy con-
sisting of depot LA.

Materials and Methods

Patients

Women aged 18—45 years were eligible for study enrolment if they
experienced pain associated with histologically proven endometriosis in
revised-American Fertility Society (r-AFS, 1985) stages |-IV. Endometrio-
sis had to be confirmed by diagnostic laparoscopy within 3 months of
study commencement or by therapeutic laparoscopy within 12 months
of study commencement with a subsequent recurrence of pain.

Exclusion criteria included pregnancy or breast feeding, amenorrhoea
within 3 months of screening, a primary need for surgical treatment of
endometriosis, previous use of hormonal agents (e.g. GnRH agonists
<6 months, progestins or danazol <3 months or oral contraceptives
< | month before screening), abnormal findings at gynaecological examin-
ation, an abnormal cervical cytological smear in the last 3 months or risk
factors for decreased BMD (e.g. a family history of osteoporosis or use of
anticonvulsants or corticosteroids).

Study design

The study was a 24-week, multicentre, randomized, open-label,
parallel-group study of dienogest versus LA. Patients were randomized
in a |:1 distribution to receive dienogest at a dose of 2 mg, given orally
at the same time once daily, or LA at a standard dose of 3.75 mg as a
depot i.m. injection every 4 weeks. Randomization was done using ran-
domization blocks, with a randomization list generated by Corporate
Biometry, Schering AG. The first dienogest tablet was taken on the first
day after onset of menstrual bleeding and the first LA injection was
given during the first 3 days of menstrual bleeding.

Compliance with dienogest treatment was monitored by diary records
completed by patients. On the basis of their modes of action, contracep-
tive coverage could be expected for dienogest and LA; however, women
were advised to use barrier methods during the study period if they
required reliable contraception.

The study was conducted at |7 centres in Germany (nine centres),
Austria (two centres), Spain (two centres), Poland (two centres), Italy
(one centre) and Portugal (one centre), between December 1998 and
April 2001. The study protocol was approved by the local independent
ethics committees and all participants provided written, informed
consent before study enrolment. The study was conducted in accordance
with the amended version of the Declaration of Helsinki and in compliance
with the principles of Good Clinical Practice.

Efficacy variables

The primary efficacy variable was the absolute change in
endometriosis-associated pelvic pain from baseline to the end of treat-
ment, assessed by a visual analogue scale (VAS; 0 mm = absence of
pain, 100 mm = unbearable pain). The VAS score was selected as the
primary efficacy variable in this study because the VAS is an appropriate
and well-established tool for the measurement of pelvic pain associated
with endometriosis (Fauconnier et al., 2009).

Secondary efficacy variables included rates of improvement in pelvic
pain measured by VAS score change, responder rates based on a range
of VAS score definitions, and changes in the physician-administered modi-
fied Biberoglu and Behrman (B&B) severity profile, encompassing symp-
toms (pelvic pain, dysmenorrhoea and dyspareunia) and physical findings
(pelvic tenderness and induration; Biberoglu and Behrman, 1981).

Quality of life variables

Changes in quality of life from baseline to the end of treatment were
assessed using the Short Form-36™" (SF-36) Health Survey (Ware and
Kosinski, 2001).

Safety variables

Spontaneously reported adverse events were recorded at pretreatment,
Week 12 and Week 24 (during the final visit) and were classified using
the Hoechst Adverse Reaction Terminology System (HARTS). Adverse
events were rated treatment-related at the discretion of investigators. Epi-
sodes of hot flushes were documented daily by women using diary cards.
BMD and markers of bone metabolism were measured in a patient sub-
group from three study centres. BMD of the lumbar spine (LI—-L4) was
assessed at screening and at the final visit using dual energy X-ray absorp-
tiometry. Bone metabolism markers were assessed at baseline and at the
final visit and included serum bone specific alkaline phosphatase, serum
N-mid osteocalcin, urinary calcium and urinary CrossLaps®.

Clinical laboratory parameters were analysed on blood and urine speci-
mens from women in a non-fasting state at pretreatment and Week 24. In
addition, serum estradiol was analysed at baseline and Week 24 in a
patient subgroup from three study centres.
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The presence and intensity of bleeding were documented by women on
a diary card each day. Physical examination, including blood pressure and
bodyweight measurement, was performed at pretreatment and Week 24.

Statistical analysis

The primary study aim was to demonstrate the non-inferiority of dieno-
gest compared with LA for the treatment of pelvic pain associated with
endometriosis, measured by the change in VAS score from baseline. On
the basis of available data for other conditions characterized by chronic
pain (Wells et al., 1993; Todd and Funk, 1996), a non-inferiority
margin of 15 mm on the VAS was prespecified. As is appropriate for non-
inferiority studies (Piaggio et al., 2006), the primary analysis was based on
the per protocol set (PPS), which included all randomized patients except
those with major protocol deviations that affected the primary efficacy
variable. The full analysis set (FAS), which included all randomized
patients receiving at least one unit of study medication and providing at
least one observation after dosing, was also investigated in support of
analyses on the PPS.

A secondary efficacy analysis was the proportion of women who experi-
enced an improvement in pain score by study end. The null hypothesis that
dienogest is inferior to LA with respect to the proportion of women
improving during treatment was tested against its alternative that dienogest
is not inferior to LA, using the normal approximation for binomially distrib-
uted data. The prespecified non-inferiority margin was 20% points, which
coincides with the margin for response rates used in earlier approvals of
endometriosis therapies by the US Food and Drug Administration
(2005). The test was performed at a one-sided significance level of a =
2.5%. Responder rates using various definitions of response were com-
pared between treatments using the same methodology.

The sample size was calculated on the assumption of equal efficacy for
dienogest and LA and a common standard deviation (SD) of 30 mm for
the primary efficacy variable. A total of 88 evaluable patients were
required in each treatment group to yield a power (I1—8) of 90% to
demonstrate the non-inferiority of dienogest relative to LA. Assuming a
withdrawal rate of 30%, a total of 252 patients was therefore required
for enrolment.

Safety analyses were performed on the FAS, unless otherwise specified.
The percent change from baseline in BMD was a secondary target variable
subject to statistical testing. In order to show that the loss in BMD
was lower when dienogest rather than LA was administered, the null
hypothesis:

Ho : mua = Hpne
was tested against the alternative hypothesis:
Hi i < pone

where upng and i a denote the expected values for the percentage
change from baseline in BMD in the dienogest and LA groups, respect-
ively. The null hypothesis was tested using the one-sided t-test for two
independent samples under the assumption of a common SD. The test
was performed at a one-sided significance level of a=2.5%. The
number of patients whose BMD had to be measured was calculated
under the assumption of a 4% point difference in BMD change
between the treatments and a common SD of 4% points. By this
approach, 22 evaluable patients per group were needed to achieve the
power (I-B) = 90%.

The uterine bleeding pattern was analysed according to Gerlinger et al.
(2007). By this method, uterine bleeding patterns were analysed in two
reference periods, each of 90 days’ duration, in accordance with re-
commendations by the World Health Organization (Belsey et al., 1986).

Efficacy and safety variables are reported using means and either the SD
or standard error of the mean (SEM), or absolute and relative frequency
counts.

Results

Patient characteristics

Of 269 women screened, 252 were randomized to treatment with
either dienogest (n = 124) or LA (n= 128; Fig. I). A total of 109
(87.9%) women in the dienogest group and 120 (93.8%) women in
the LA group completed the study (Fig. |). The FAS analysis included
248 patients (n = 120, dienogest; n = 128, LA), while the PPS analysis
included 186 women (n= 90, dienogest; n= 96, LA). BMD was
assessed in a subgroup of 57 women (n= 26, dienogest; n =31,
LA), and estradiol levels were measured in 70 women (n= 32,
dienogest; n = 38, LA).

Women were of comparable age, height, weight and body mass
index in the two groups (Table I). There were no relevant group differ-
ences in gynaecological or laparoscopic history (Table I). The use of
concomitant medications recorded in patient-maintained diaries,
including analgesic medication for endometriosis, did not differ rele-
vantly between the groups at baseline or during the trial.

Efficacy variables

Primary efficacy variable

Both dienogest and LA were associated with substantial reductions in
VAS score between baseline and Week 24. At baseline, the mean
(£ SD) VAS score was 60.2 (+24.2) mm in the dienogest group
and 57.9 (+21.0) mm in the LA group. By Week 24, mean VAS
scores had decreased to 12.7 (+20.3) mm in the dienogest group
and to 1.9 (£ 16.9) mm in the LA group (PPS; Fig. 2). The absolute
reduction in VAS score was 47.5 (+28.8) mm with dienogest and
46.0 (4+24.8) mm with LA, representing a treatment difference of
[.5 mm in favour of dienogest [95% confidence interval (Cl), —9.26
to 6.25). The non-inferiority of dienogest relative to LA was therefore
demonstrated, based on the prespecified non-inferiority margin of
I5mm (P<0.0001).

Similar results demonstrating the non-inferiority of dienogest versus
LA measured by VAS score change were observed in the FAS. Mean
(£ SD) VAS score reductions were 40.2 (+32.0) mm in the dieno-
gest group and 41.8 (+28.6) mm in the LA group, representing a
treatment difference of |.6 mm (95% CI, —6.42 to 9.58; P for
non-inferiority = 0.0004).

Secondary efficacy variables
The proportions of women who experienced an improvement in VAS
score by study end were similar in the dienogest and LA groups. In the
PPS, 96.7% of women in the dienogest group and 95.8% of women in
the LA group experienced an improvement in pelvic pain after 24
weeks in comparison with baseline (P for non-inferiority < 0.0001).
Responder analyses showed similar proportions of responders in
the two treatment groups for all response definitions that were inves-
tigated. These sensitivity analyses therefore supported the main ana-
lyses describing the non-inferiority of dienogest versus LA.
The intensity of pelvic symptoms and physical findings, summarized
by the B&B total symptom and sign severity score profile, decreased
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Screened
n =269
Screening failures
n=17
Randomized |
| n =252 |
Dienogest Leuprolide
n=124 acetate
n=128
Listing only*
n=4
FAS FAS
n=120 n=128
Discontinued Discontinued
medication Unknown medication
n=10 n=1" n=8
| |
Adverse events n==6 Adverse events n=5
Withdrawal n=3 Withdrawal n=1
Protocol deviation n=1 Protocol deviations n=2
Completed Completed
medication medication
n=109 n=120
Other major Other major
protocol deviations |— protocol deviations |—
n=19 n=24
PP population PP population
n= 90 n= 96

*No intake of study medication or intake unknown
**One patient did not attend her last scheduled visit

Figure | Patient disposition.

FAS, full analysis set; PP, per protocol.

similarly in the two treatment groups between screening and Week 24
(Fig. 3). Whereas 12.2% of women in the dienogest group and 6.3% of
women in the LA group had very severe symptoms at screening, none
had this symptom grade at final visit. The severity of the individual
symptoms of pelvic pain, dysmenorrhoea and dyspareunia and the
severity of the physical signs of pelvic tenderness and induration also
decreased in both treatment groups between screening and final
visit (data not shown).

Quality-of-life variables

Quality of life, assessed by the SF-36 Health Survey, improved in both
treatment groups, with an indication of more pronounced benefit in
the dienogest than LA group.

At 24 weeks, the mean (£ SD) SF-36 physical health summary scale
score improved relative to screening by 10.2 points (from 41.4 + 8.5

to 51.6 + 6.7 points) in the dienogest group and by 7.0 points (from
442 +8.0 to 51.2 + 7.1 points) in the LA group (PPS). Over the
same period, the mean SF-36 mental health summary scale score
improved by 3.3 points (from 42.1 + 11.5 to 45.4 + 10.9 points) in
the dienogest group and by 1.9 points (from 44.0 + I 1.6 to 45.9 +
I'1.7 points) in the LA group.

Safety variables

Adverse events

Headache was the most common treatment-related adverse event in
both groups (12.5%, dienogest; 19.5%, LA; Table Il). Women
treated with dienogest less frequently experienced events represent-
ing other hypoestrogenic symptoms (such as hot flushes, vaginal
dryness, decreased libido and sleep disorder) than women treated
with LA.
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Table | Baseline characteristics of patients (FAS).

Dienogest 2 mg LA 3.75 mg
(n=120) (n=128)
Age (years, mean + SD)  30.6 + 6.2 31.0+ 5.8
Height (cm, mean + SD)  166.1 +7.3 166.3 + 6.6
Weight (kg, mean + SD)  62.5 + 10.8 62.7 £9.6
Body mass index 226 +34 2274+32
(mean + SD)*
Pelvic pain VAS (mm, 533 +29.1 55.4 + 242
mean + SD)b
r-AFS stage (n, %)
I: minimal 28 (23.3) 39 (30.5)
[1: mild 35(29.2) 34 (26.6)
lIl: moderate 39 (32.5) 35(27.3)
IV: severe 18 (15.0) 20 (15.6)

*Weight (kg)/height (m?).

®n = 118, dienogest; n = 127, leuprolide acetate.

FAS, full analysis set; LA, leuprolide acetate; r-AFS, revised American Fertility Society;
SD, standard deviation; VAS, visual analogue scale.

70 —

~@- Dienogest
-O-LA

VAS score (mm)

0 T T T T
0 4 8 12 16 20 24

Study duration (weeks)

p<0.0001 for non-inferiority

Figure 2 Mean (£ SEM) VAS scores at baseline and Weeks 4, 8,
12, 16, 20 and 24 in dienogest 2 mg and leuprolide acetate 3.75 mg
treatment groups (PPS).

LA, leuprolide acetate; PPS, per protocol set; VAS, visual analogue scale.

The majority of adverse events were of mild or moderate intensity
in both groups. Seven serious adverse events were reported in six
women during the study. In the dienogest group, one woman suffered
severe depression, which was considered possibly related to the study
drug. Other serious adverse events reported in the dienogest group
included one case of planned hysterectomy and three hospitalizations
for pelvic pain, abdominal pain or kidney calculus (twice), which were
considered unlikely to be related to the study drug. One serious

1007 — —
W
o £ 801 [[] Nene
S8 ] —1 [ mid
g ;’ 60 - D Moderate
‘E— = B Severe
= '§ 40 - B Very severe
53 P
F5 207
w
0 . .
Dienogest LA Dienogest LA
Screening Week 24

Figure 3 Total symptom and sign severity score profile (B&B) at
baseline and Week 24 in the dienogest and LA groups (PPS).

B&B, Biberoglu and Behrman; LA, leuprolide acetate; PPS, per protocol set.

Table Il Numbers and proportions of women with
adverse events at least possibly treatment related in
dienogest and leuprolide acetate groups (>4% of
women in either treatment group; FAS).

HARTS code Dienogest Leuprolide
2 mg acetate
(n=120) 3.75 mg
(n=128)

.n. .............. % n .............. %
Headache 15 12.5 25 19.5
Weight gain 8 6.7 5 3.9
Depression 6 5.0 I 8.6
Decreased libido 5 4.2 8 6.3
Acne 5 4.1 6 4.7
Alopecia 4 33 7 55
Migraine 3 2.5 6 4.7
Sleep disorder 2 1.7 10 7.8
Vaginal dryness 2 1.7 9 7.0
Hot flushes 0 0.0 9 7.0

FAS, full analysis set; HARTS, Hoechst adverse reaction terminology system.

adverse event of disc prolapse requiring hospitalization was reported
in the LA group, which the investigator rated as unlikely to be
related to the study drug.

Six women (5.0%) in the dienogest group and five women (3.9%) in
the LA group discontinued the study prematurely due to adverse
events. Events leading to discontinuation included hypertension, tinni-
tus, ovarian cyst, nausea and (in two women) depression in the dieno-
gest group, and hot flushes, arthritis, depression, allergic reaction and
sleep disorder in the LA group.

Clinical laboratory parameters
No changes in standard laboratory parameters between screening
and final visit in either treatment group were considered to be clinically
significant by the investigators.
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Mean levels of serum estradiol remained stable in the dienogest
subgroup (n = 32; from 256.3 to 249.9 pmol/I) and showed a pro-
nounced decrease in the LA subgroup (n=38; from 299.0 to
68.5 pmol/I; Fig. 4a).

Hot flushes
In the LA group, the mean number of days/week with hot flushes
increased from 0.78 in Week | to 4.70 in Week 24 (FAS; Fig. 4b).
The mean number of days/week with hot flushes was stable in the
dienogest group over the same period (1.04 in Week | and 0.82 in
Week 24).

Bone mineral density

Mean BMD of the lumbar spine (L1—L4) was 1.062 g/cm? in the die-
nogest subgroup (n = 26) and 1.070 g/cm? in the LA subgroup (n =
31) at screening, and was 1.036 g/cm? (n = 23) and 1.014 g/cm?® (n =
30), respectively, at final visit (FAS). In women whose measurements
were available at both screening and final visit, mean lumbar BMD
increased by 0.0022 g/cm? in the dienogest subgroup (n = 21) and
decreased by 0.0415 g/cm? in the LA subgroup (n = 29), representing
mean (+SD) percentage changes of 4+0.25 (+2.77) and —4.04
(£ 4.84) for dienogest and LA, respectively (P = 0.0003 for superior-
ity of dienogest; Fig. 4c).

Markers of bone metabolism

Markers of bone resorption. Mean (+SD) urine calcium levels
decreased by 137.4 (4 295.5) mmol/mol creatinine in the dienogest
group and increased by |11.3(+ 227.9) mmol/mol creatinine in
the LA group during the study (FAS). Mean (+ SD) urinary Cross-
Laps® levels increased by 7.6 (+261.8) wg/mmol creatinine in the
dienogest group and by 189.4 (4231.0) pwg/mmol creatinine in the
LA group (FAS).

Markers of bone formation. Mean (+ SD) serum bone-specific alkaline
phosphatase levels increased at 24 weeks relative to baseline by 0.2
(£2.5) pg/l in the dienogest group and by 3.2 (4 3.0) wg/l in the
LA group (FAS). Mean (+SD) serum osteocalcin levels decreased
by 0.4 (£ 1.5) nmol/I in the dienogest group and increased by 0.5
(£ 1.4) nmol/l in the LA group (FAS).

Bleeding patterns

A total of 80.8% of women in the dienogest group and 87.5% in the
LA group reported regular bleeding cycles within the year prior to
screening, whereas 16.7 and 18.8% of women, respectively, described
intracyclic bleeding.

Bleeding profiles differed between the treatment groups during the
trial. In general, the number of bleeding/spotting episodes and the
number of bleeding/spotting days over time decreased in both
groups, with a stronger trend in the LA group than in the dienogest
group (Table Il).

Comparison of bleeding patterns during the first 90-day reference
period showed that infrequent bleeding was the predominant
pattern (80.6%) in the LA group, while the highest incidences in the
dienogest group were prolonged bleeding (45.1%) and irregular bleed-
ing (44.2%). During the second 90-day reference period, there was a
shift from infrequent bleeding to amenorrhoea (75.9%) in women

a 650+
600 -|
550 -|
500 -
450 -]
400 -|
350 -|
300 -
250 -|
200 -|
150 -
100 -]

50 -]

Estradiol level (pmol/L)

—@— Dienogest
—(O— Leuprolide acetate

o
o
|

Hot flushes (days per week)
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Figure 4 (a) Change in mean (4 SEM) estradiol concentrations in
dienogest (n = 32) and leuprolide acetate (n= 38) subgroups. (b)
Mean (4 SEM) number of days/week with hot flushes in dienogest
(n=120) and leuprolide acetate (n= 128) groups (FAS). FAS, full
analysis set. (c) Percent change in mean (4 SEM) BMD in dienogest
(n=121) and leuprolide acetate (n=29) subgroups (i.e. women
with measurements available at both screening and final visit).

BMD, bone mineral density.
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Table Il Bleeding patterns during 90-day reference
periods | and 2 in dienogest and LA groups (FAS).

Dienogest 2 mg Leuprolide

acetate 3.75 mg

n Mean + SD n Mean + SD

Number of bleeding/spotting episodes

Reference period | 110 333+ 1.82 115 2.02 4+ 1.20

Reference period 2 101 1.87 + 2.0l 113 047 + 1.13
Number of bleeding/spotting days

Reference period | 110 25.61 + 1850 115 11.61 +7.0I

Reference period 2 104 11.81 + 15.10 114 2.00 + 4.90
Length of bleeding/spotting episodes

Reference period | 108 8.82 +7.99 115 6.54 + 3.90

Reference period 2 63 5.82 +4.29 28 430 + 3.20
Number of spotting-only episodes

Reference period | 110 1.22 + 1.38 115 0.55 +0.85

Reference period 2 101 095+ 1.37 113 0.17 +0.52
Number of spotting-only days

Reference period | 110 15.08 + 14.90 115 490 + 4.19

Reference period 2 104 7.06 + 10.09 114 075+ 1.74
Length of spotting-only episodes

Reference period | 68 466 +5.10 45 2374+ 1.29

Reference period 2 44 3.73 +2.49 |15 227 + 1.03

FAS, full analysis set; SD, standard deviation.
Reference period | was the first 90 days after the start of treatment. Reference period 2
was from Day 91 to the end of study.

receiving LA. Continued use of dienogest was also associated with
shift in incidence toward amenorrhoea (from 1.8% in period | to
38.9% in period 2), with reductions in irregular and prolonged bleeding
(16.7 and 7.4%, respectively, in period 2).

No patients withdrew prematurely from the study due to a changed
bleeding pattern or adverse bleeding events.

Vital signs and weight

There were no clinically relevant changes in mean blood pressure or
heart rate during the study in either treatment group. Mean (+ SD)
body weight increased marginally and to a similar extent in the dieno-
gest group (.21 + 4.12 kg) and the LA group (I.15 + 3.46 kg; FAS).

Discussion

This 24-week, randomized, multicentre, head-to-head comparison
of dienogest and LA in women with histologically proven endome-
triosis demonstrated that dienogest 2 mg/day orally is as effective
as i.m. LA for relieving endometriosis-associated pelvic pain. This
finding is of high clinical relevance, as pelvic pain is one of the
most important symptoms of endometriosis and because agents
in the GnRH agonist class are widely considered a reference stan-
dard treatment for improving these symptoms (Dlugi et al., 1990;
Ling, 1999; Prentice et al., 2000; Crosignani et al., 2006; Schlaff
et al., 2006).

The comparable efficacy of dienogest and LA for reducing pelvic
pain measured by VAS score (the primary efficacy variable) was sup-
ported by secondary analyses. The secondary analyses identified
equivalence between the dienogest and LA groups in the proportions
of women experiencing improvements in pelvic pain, responder rates
and improvements in physician-assessed B&B severity profiles. In
quality of life analysis, the improvements associated with dienogest
appeared superior to those accompanying LA therapy.

The outcomes from this study support previous studies which
investigated the efficacy of dienogest in relieving symptoms of endo-
metriosis (Cosson et al., 2002; Schindler et al., 2006; Momoeda and
Taketani, 2007; Seitz et al., 2008; Harada et al., 2009; Kohler et al.,
2010). In a phase Il dose-finding study, dienogest 2 mg daily offered
improvements in patient-reported symptoms and in second-look
laparoscopic assessments of pathology after 24 weeks. In that study,
a reduction of endometriotic lesions occurred in approximately
two-thirds of women in the dienogest 2 mg group based on r-AFS
scores (Kohler et al., 2010).

Compared with depot LA, which has well-characterized hypoestro-
genic effects that limit long-term use, dienogest was associated with a
favourable safety profile in this randomized, controlled trial. Women
treated with LA for 24 weeks experienced substantial decreases in
serum estradiol levels, compared with relatively stable serum estradiol
levels associated with dienogest. Dienogest at a dose of 2 mg once
daily was similarly associated with only moderate decreases in estra-
diol levels in a |2-week placebo-controlled study and in a I-year
extension study (Seitz et al., 2008, 2009). The higher frequency of
hot flushes observed with LA than dienogest is readily explained by
the between-group differences in serum estradiol levels in the
current trial. Other hypoestrogenic effects, such as headache,
vaginal dryness, decreased libido and sleep disorder, were also
reported more frequently by women treated with LA than those
treated with dienogest. The observed combination of equivalent effi-
cacy and different levels of hypoestrogenic effects between dienogest
and LA supports the hypothesis of an optimal ‘estrogen window’ for
endometriosis therapy, which was proposed a number of years ago
(Barbieri, 1992, 1998).

Adverse events were of mild or moderate intensity in most women
and overall rates of study discontinuation due to adverse events were
low in both groups. Weight gain, which is a characteristic of a number
of other progestins used in endometriosis, was minimal in dienogest-
treated women. Mean lumbar BMD was unchanged over the study
period in dienogest-treated women, but decreased by approximately
4% in the LA group, with statistically significant differences in mean
BMD between the treatment groups. Markers of bone metabolism
indicated increased bone resorption in the LA but not dienogest
group. This may also indicate an advantage of dienogest compared
with depot MPA, which has been associated with a significant loss
of BMD resulting in a ‘black box warning’ by the US Food and Drug
Administration (Physician Information, 2009).

The safety and tolerability findings from the current trial support the
findings of previous studies of dienogest in endometriosis (K&hler
et al., 1989, 2010; Schindler et al., 2006; Seitz et al., 2008; Harada
et al., 2009).

Characteristic differences in safety and tolerability profile between
agents used in endometriosis may influence medication choice, along-
side considerations of efficacy in reducing symptoms. Consistent with
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observations in the current trial, GhnRH agonists such as LA are associ-
ated with hypoestrogenic effects and related adverse effects on BMD
(Winkel and Scialli, 2001), which limits treatment to 6 months in the
absence of add-back therapy. The European Society for Human
Reproduction and Embryology (ESHRE) guideline recommends, in par-
ticular, careful consideration in the use of GnRH agonists in younger
women who have not reached maximum bone density (Kennedy
et al., 2005). Although add-back therapy can reduce the hypoestro-
genic effects of GnRH agonists, the optimal add-back regimen has
not yet been established and this approach adds to the cost of
therapy (Mounsey et al., 2006). Danazol, although remaining a stan-
dard therapy for endometriosis in some countries, is associated with
adverse effects on lipid metabolism and androgenic adverse effects.
Dienogest, in contrast, appears to have no relevant effect on lipids
(K&hler et al., 1989; Schindler et al., 2006; Seitz et al., 2008) and
lacks androgenic side effects (Oettel et al., 1999; Schindler et dl.,
2003).

Irregular uterine bleeding is a known adverse effect of treatment
with progestins, including depot preparations of MPA, which have
been compared in trials against LA (Vercellini et al., 2003; Crosignani
et al., 2006; Schlaff et al., 2006). As expected in the current study,
amenorrhoea rates were higher in the LA than dienogest group due
to the substantial depletion in estrogen levels in the former. In the die-
nogest group, there was a shift from predominantly prolonged or irre-
gular bleeding in the first 90-day reference period toward
amenorrhoea in the second reference period. The mean number of
bleeding/spotting episodes and bleeding/spotting days decreased
over time in both groups. The absence of discontinuations due to
abnormal bleeding patterns in either group suggests that bleeding
events may have minimal influence on adherence in light of the
reduction in symptoms associated with therapy. Informing women
on the likely effects of dienogest therapy may enhance adherence
further. Other studies that examined bleeding patterns during dieno-
gest treatment, including the |-year extension study, also reported
progressive reductions in bleeding irregularity over time (Cosson
et al., 2002; Seitz et al., 2008, 2009; Kshler et al., 2010).

Limitations associated with the current study include the open-label
design, which was chosen because blinding would require a double-
dummy design with placebo injections. Even with such a design, suc-
cessful blinding would be questionable because of the characteristic
adverse event profile of LA (i.e. occurrence of hot flushes) that is
readily recognized by patients and investigators. As VAS scoring for
pain is a subjective measure, the process of obtaining patients’
scores by investigators could have introduced bias. In addition, as
this study was not placebo controlled, proof of efficacy for dienogest
rested on evidence of non-inferiority relative to an active control. This
type of design requires a-priori acceptance of the efficacy of LA on
endometriosis-associated pain and specification of an appropriate
non-inferiority margin. The non-inferiority margin of |5 mm on the
VAS pain scale was chosen based on data from other conditions
characterized by chronic pain (Wells et al., 1993; Todd and Funk,
[996). A recent analysis of data from patients with endometriosis
showed that a non-inferiority margin of 10 mm may be more appro-
priate (Gerlinger et al., 2009). As the Cl for the treatment difference
excluded 10 mm in both the PPS and FAS in this study, the non-
inferiority of dienogest is confirmed even when applying this stricter
margin.

A further potential limitation of the study relates to a treatment
duration that was restricted to 24 weeks, which was necessary
because GnRH agonists are approved in the treatment of endometrio-
sis for up to 6 months only, due to their deleterious effects on BMD.
The study therefore does not address the long-term efficacy and safety
of dienogest.

Despite these potential limitations, dienogest provided consistent
improvements in a range of patient- and physician-assessed symptoms
at 24 weeks similar to LA, indicating that these outcomes are robust
and clinically relevant in the treatment of endometriosis.

In conclusion, this head-to-head study demonstrated that dienogest
2mg daily has equivalent efficacy to depot LA for relieving
endometriosis-associated pelvic pain. In addition, dienogest was
associated with acceptable safety and tolerability, offering advantages
when compared with LA including a substantially lower incidence of
hot flushes and minimal change in BMD and bone metabolism. The
efficacy and safety profile of dienogest characterized in this study
suggests that dienogest may offer an effective and well-tolerated treat-
ment in endometriosis.
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2.3 Kilinische Studien zur Dosisfindung und Wirksamkeit von Vilaprisan

fur die Behandlung von Uterusmyomen

Vor den hier beschriebenen Studien der Phase 2 waren bereits Phase 1 Studien zur Unter-
suchung der Pharmakokinetik und Pharmakodynamik von Vilaprisan mit gesunden Proband-
innen durchgefuhrt worden (65, 73). Aus diesen war bekannt, dass Vilaprisan bei gesunden
Frauen bei einer Dosis von etwa 1-2 mg/Tag zu einer weitgehenden Ovulationshemmung und
einem Ausbleiben der Regelblutung fuhrt (siehe Abschnitt 1.1.4). Besonders Letzteres ist ein
gewlnschter Effekt bei Patientinnen mit Uterusmyomen und starken Menstruationsblutungen.
Die im Folgenden beschriebene Dosisfindungsstudie wurde durchgeflhrt, um die an-

gemessene therapeutische Dosis fiir diese Zielpopulation zu ermitteln.

2.3.1 Dosisfindung

Bradley LD, Singh SS, Simon J, Gemzell-Danielsson K, Petersdorf K, Groettrup-Wolfers E,
Ren X, Zvolanek M, Seitz C. Vilaprisan in women with uterine fibroids: the randomized
phase 2b ASTEROID 1 study. Fertil Steril. 2019 Feb;111(2):240-248.

Hintergrund: Bei dieser Studie handelt es sich um die erste klinische Studie in der Ziel-
population, Patientinnen mit Uterusmyomen und starken Menstruationsblutungen. Hauptziel
der Studie war es, die angemessene therapeutische Dosis flr Vilaprisan fir die Behandlung
von Uterusmyomen zu bestimmen. Das randomisierte Parallelgruppendesign mit relativ kurzer

Behandlungsdauer ist typisch fur eine Dosisfindungsstudie.

Methoden: Patientinnen mit mindestens einem Uterusmyom von > 3 cm Durchmesser und
einer Menstruationsblutmenge von > 80 ml pro Episode wurden auf finf Behandlungsarme
randomisiert: Vilaprisan in vier unterschiedlichen Dosierungen (0,5, 1, 2, 4 mg/Tag) oder
Placebo. Die Behandlungsdauer betrug 3 Monate gefolgt von einer 6-monatigen
Beobachtungsphase ohne Studienmedikation. Die Starke der Menstruationsblutung wurde mit
unterschiedlichen Methoden erfasst (Blutungstagebuch, Menstrual Pictogram, Alkalin-
Hamatin-Methode). Die Daten dieser Studie wurden auch fiir die weitere Validierung des
Menstrual Pictogram als patientenfreundlicher Methode zur Erfassung des menstruellen Blut-
verlusts verwendet (siehe 2.1.2). Effekte auf die Grolie der Uterusmyome wurden mittels Ultra-

schall und Magnetresonanztomographie untersucht
Ergebnisse: Insgesamt wurden dreihundert Patientinnen in der Studie behandelt. Der mittlere

Blutverlust pro Menstruationsepisode am Studienbeginn betrug 177 ml (x 105) und das

mittlere Volumen des grofiten Myoms 96 ml (£ 128). In den aktiv behandelten Gruppen wurde
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eine  Amenorrhoerate?2 zwischen 30% und 60% beobachtet, wahrend diese in der
Placebogruppe unter 2% lag. Die Dosiswirkungskurve zeigte einen steilen Anstieg zwischen
0,5 und 1 mg mit geringen Unterschieden zwischen den 3 héheren Dosisgruppen. Weiterhin
zeigte sich in den aktiv behandelten Gruppen eine dosisabhangige Reduktion des
Myomvolumens von 15% bis 41%, wahrend das Myomvolumen in der Placebogruppe um fast
5% anstieg. Der Effekt auf die Myome war in der hochsten Dosisgruppe (4 mg/Tag) am
starksten ausgepragt. Vilaprisan wurde insgesamt gut vertragen und aus den Daten ergaben

sich keine Bedenken bezliglich der erfassten Sicherheitsparameter.

Diskussion: Die Studie bestatigte die zuvor erhobenen pharmakokinetischen
und -dynamischen Daten in gesunden Frauen und demonstrierte zum ersten Mal die Wirksam-
keit von Vilaprisan in der Zielpopulation. Die folgende Auswahl der therapeutischen Dosis war
komplex, weil unterschiedliche Parameter auf unterschiedliche optimale Dosierungen hin-
deuteten: bezlglich der Blutungsreduktion (Hauptsymptom) wurde die maximale Wirkung
bereits bei 1 mg fast erreicht, bei der Reduktion der MyomgréRe schien der maximale Effekt
erst bei 4 mg erreicht zu werden. Nach sorgfaltiger Analyse aller vorhandenen Daten (z.B.
Daten zur Ovulationshemmung aus der Phase 1) und zusatzlichem PK-PD-Modelling wurde

eine Dosis von 2 mg/Tag als therapeutische Dosis flr die weitere Entwicklung ausgewahlt.

Weitere eigene, relevante Publikationen zu diesem Thema (73):

Schiutt B, Kaiser A, Schultze-Mosgau MH, Seitz C, Bell D, Koch M, Rohde B. Pharmacodynamics and
safety of the novel selective progesterone receptor modulator vilaprisan: a double-blind, randomized,
placebo-controlled phase 1 trial in healthy women. Hum Reprod. 2016 Aug;31(8):1703-12.

2 Amenorrhoe war hier definiert als komplette Abwesenheit einer menstruellen Blutung wahrend der
gesamten 3-monatigen Behandlungsdauer.
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Objectives: To assess the safety and efficacy of four vilaprisan doses (0.5-4.0 mg) in women with uterine fibroids.

Design: Randomized, double-blind, placebo-controlled, multicenter trial.

Setting: Ninety-eight centers in 12 countries.

Patient(s): Women aged 18-50 years with uterine fibroids and heavy menstrual bleeding were randomized equally to oral vilaprisan at
0.5, 1.0, 2.0, or 4.0 mg or placebo once daily.

Intervention(s): Treatment for 12 weeks, 24-week follow-up.

Main Outcome Measure(s): Primary end point was absence of scheduled or unscheduled bleeding/spotting. Key secondary efficacy
end points included volume of menstrual blood loss and change in fibroid volume.

Result(s): A total of 309 patients were randomized, and 300 received treatment. Complete absence of bleeding/spotting was observed
in 30%, 56%, 54%, and 60% of patients in the vilaprisan 0.5, 1.0, 2.0, and 4.0 mg groups, respectively, versus 1.7% with placebo. After
12 weeks, >83% of women achieved amenorrhea (<2 mL/28 days) with > 1.0 mg vilaprisan versus 9% with placebo. Heavy menstrual
bleeding stopped (but returned at a lower volume after treatment cessation) with > 1.0 mg vilaprisan treatment. Reductions in fibroid
volume of up to 41% were observed. Most patients receiving vilaprisan reported improvements in symptom severity. No safety concerns
were identified in general safety, endometrial safety (by biopsy), laboratory values, and ultrasound examinations.

Conclusion(s): ASTEROID 1 supports the efficacy of vilaprisan for the treatment of heavy menstrual bleeding associated with uterine fibroids.
Daily oral treatment with vilaprisan 0.5-4.0 mg was well tolerated, and vilaprisan 2.0 mg once daily has been selected for further investigation.
Clinical Trial Registration Number: NCT02131662. (Fertil Steril® 2019;111:240-8. Copyright ©2018 The Authors. Published by Elsevier
Inc. on behalf of the American Society for Reproductive Medicine. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).)

Key Words: BAY1002670, heavy menstrual bleeding, leiomyoma, uterine fibroids, vilaprisan
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mors of the uterus that originate from smooth muscle

cells of the myometrium (1). They are the most commonly
occurring gynecologic tumor (2, 3). Globally, fibroids have been
identified in up to 80% of women by the age of 50 years, as
detected with the use of ultrasound (2, 4). Fibroids are clinically
relevant in up to 40% of premenopausal women aged 35-
40 years (4). Up to 50% of women diagnosed with UF require
treatment (1). The prevalence and incidence of UF varies
according to age and ethnicity, with a higher prevalence in
women of African compared with European descent (5). Many
women with UF report that their symptoms negatively affect
their ability to participate in social and work-related activities
and cause significant psychologic distress (6-9).

UF are a leading cause of hospitalization for gynecologic
disorders (10, 11), and they are the primary indication for
hysterectomy (12-15). Hysterectomy is associated with risks
(16), and many women would prefer to avoid surgical
procedures and opt for medical therapies as an alternate
treatment option, if available. Uterine-sparing surgical inter-
ventions exist, but they are associated with frequent symptom
recurrence and need for reintervention (1, 16, 17). Currently
available medical options are limited, and some treatment
options are associated with significant adverse events,
such as reduction in bone mineral density and hot flushes
(18-21).

The progesterone receptor (PR) is known to play a key part
in the development and growth of UF (22, 23). Vilaprisan
(previously identified as BAY1002670) is a novel, highly
potent, selective PR modulator (SPRM), which has been
shown to induce a dose-dependent reduction in menstrual
bleeding in healthy volunteers (>90% nonbleeding rate
with the use of 2-5 mg once daily) (24-26). In the present
phase 2 ASTEROID 1 trial, the safety and efficacy of four
different doses of vilaprisan (0.5-4.0 mg) were assessed in
women with UF.

U terine fibroids (UF) are commonly occurring benign tu-

MATERIALS AND METHODS
Study Design

ASTEROID 1 was a randomized, double-blind, placebo-
controlled trial conducted from 2014 to 2016 at 98 centers
across 12 countries: Belgium, Bulgaria, Canada, Czech
Republic, Finland, Germany, Hungary, Japan, Norway, Spain,
Sweden, and the United States. The study was approved by the
Independent Ethics Committee or Institutional Review Board
at each center and conducted in accordance with the ethical
principles of the Declaration of Helsinki and the International
Council for Harmonization guideline E6: Good Clinical
Practice. Investigators, study team members and participants
were blinded to treatment allocation. The study was registered
on ClinicalTrials.gov before enrollment of the first patient
(ClinicalTrials.gov identifier: NCT02131662).

Study Population

Women were eligible for enrollment if they were 18-50 years
of age, had a diagnosis of UF according to transvaginal or
abdominal ultrasound at screening with at least one fibroid

Fertility and Sterility®

with a largest diameter of >3.0 cm, experienced heavy
menstrual bleeding (HMB) defined as >80 mL during the
bleeding episode after screening, and were using a
nonhormonal barrier method of contraception. Patients
with UF with a diameter of >10 cm were excluded. Other
key exclusion criteria were history of (or current) gynecologic
cancer, uterine surgery, previous endometrial ablation or
uterine artery embolization, ovarian cysts >4 cm, aspartate
transaminase (AST) 1.4x the upper limit of normal (ULN)
and alanine transaminase (ALT) 1.2x ULN. Written informed
consents were obtained from all patients.

The full analysis set (FAS) was used for all efficacy
analyses, and the safety analysis set (SAF) was used for safety
analysis. The FAS and SAF consisted of all randomized
patients who took at least one dose of the study drug. Patients
were analyzed as randomized in the FAS and as treated in the
SAF.

Randomization and Intervention

Patients were randomized equally to one of five treatment
groups (once daily oral vilaprisan at 0.5 mg, 1.0 mg,
2.0 mg, or 4.0 mg or placebo) via interactive voice/web
response system, with stratification by geographic region
(North America, Japan, and Europe) and by screening
hemoglobin (Hb) levels (<8 g/dL vs. >8 g/dL). Treatment
was initiated during the first week of the menstrual cycle after
randomization. All patients were treated for a period of
12 weeks, with a follow-up period of 21-24 weeks after the
end of treatment (the study design is presented in
Supplemental Fig. 1; Supplemental Figs. 1-5 and
Supplemental Tables 1 and 2 are available online at
www.fertstert.org).

Efficacy End Points

The primary efficacy end point was the absence of scheduled
or unscheduled bleeding/spotting after the end of the initial
bleeding episode to the end of treatment. Secondary efficacy
end points included the volume of menstrual blood loss per
28 days, the percentage change in volume of the largest
fibroid compared with baseline, as measured with the use of
maghnetic resonance imaging (MRI), and the time to onset of
controlled bleeding (the first day on which the menstrual
blood loss for all subsequent 28-day periods until the end of
the treatment period was <80 mL). Exploratory end points
included the time to onset of amenorrhea, defined as the first
day for which the menstrual blood-loss volume for all
subsequent episodes up to end of treatment was <2 mL (27).

Frequency/onset of amenorrhea and controlled bleeding
were measured with the use of the menstrual pictogram
method, a recently developed tool for use with modern
ultraslim sanitary towels that contain superabsorbent
polymer granules (Always Ultra, different absorbency levels)
(27). The paper-based tool was converted to an eDiary and
modified to also allow for the use of tampons (Tampax and
0.b., different absorbency levels) as recommended by health
authorities. Patients recorded their menstrual blood loss
with the use of a visual scoring system each time a sanitary
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product needed to be changed. For validation purposes,
volume of menstrual blood loss was measured with the use
of the alkaline hematin method as well (except for Japan),
for which patients were required to collect and return their
used towels and/or tampons to the study site for analysis.
Results obtained with the use of the alkaline hematin method
were similar to those described for the menstrual pictogram
and are not reported here. Time to return of bleeding was
assessed with the use of a bleeding diary. MRI was performed
at baseline, end of treatment, and end of follow-up, and
images were centrally evaluated by the imaging core
laboratory.

The previously described Patient Global Impression of
Change and Patient Global Impression of Severity (PGI-C
and PGI-S, respectively) questionnaires were used to assess
patient-reported changes and severity in symptoms (28).
The PGI-C asked patients to rate the change in their UF
symptoms since the start of study treatment as “very much
better,” “much better,” “a little better,” “no change,” “a little
worse,” “much worse,” or “very much worse.” The PGI-S
asked patients to rate the severity of their UF symptoms as
“none,” “very mild,” “mild,” “moderate,” “severe,” and
“very severe” (see Supplemental Figs. 1-5 for further details
about end points).

” o«

Safety Evaluations

Safety evaluations included adverse events (AEs), follow-up
of unintended pregnancies, endometrial biopsies, cervical
smears, laboratory evaluations, and physical and gynecologic
examinations. Laboratory evaluations, including liver
parameters, were measured at screening, every 4 to 8 weeks
during treatment, and at the end of the follow-up period.
This included assessment of estradiol (E,) levels, which were
measured twice during the 3-month treatment period (in
addition to measurement at baseline and during follow-up),
and PR modulator-associated endometrial changes (PAECs).

Statistics

The planned sample size was 250 patients (50 patients per
treatment group), and given the expected drop-out rate
from previous studies, 300 patients were planned to be
randomized. This sample size was judged to be sufficient
to describe the dose-response relationship and allow for
selection of the target dose. Binomial distribution of
amenorrhea patient numbers was assumed. The placebo-
adjusted amenorrhea rates were summarized by dose, using
an unconditional two-sided 95% confidence interval (CI) for
each treatment dose group. Unconditional CIs were calculated
by inverting two separate one-sided tests of one-half of the
nominal significance level each. Other efficacy and safety
variables were analyzed descriptively.

RESULTS

A total of 309 patients were randomized and, of these, 300
patients received treatment. Patient disposition is presented
in Figure 1. Discontinuations due to adverse events or lack
of efficacy were infrequent; 93% of randomized patients

completed the treatment period, and 79% of patients
completed the follow-up period. There were no relevant
differences in baseline characteristics between the treatment
groups. For 59.0% of patients the location of the largest
fibroid was intramural, for 18.3% it was submucosal, and
for 21.0% it was subserosal. Notably, a diverse population
of women were enrolled in ASTEROID 1, including 54.0%
white women, 22.0% black women, and 23.3% Asian women
(Table 1).

In the FAS (n = 300), the primary end point of the absence
of scheduled or unscheduled bleeding/spotting from the end
of the initial bleeding episode to the end of treatment was
achieved by 55.7%, 54.1%, and 60.0% of women in the
vilaprisan 1.0 mg, 2.0 mg, and 4.0 mg treatment groups,
respectively. The rate was substantially lower for the
vilaprisan 0.5 mg group (30.0%) and was only 1.7% in the
placebo group. The differences compared with placebo were
28.3% (95% CI 15.9%-41.5%), 54.0% (95% CI 40.4%-
67.0%), 52.4% (95% CI 38.8%-65.4%), and 58.3% (95% CI
44.6%-70.9%) in the vilaprisan 0.5 mg, 1.0 mg, 2.0 mg, and
4.0 mg treatment groups, respectively. Compared with pla-
cebo, rates of the absence of bleeding/
spotting were significantly higher for all doses of
vilaprisan (all lower limits of the 95% CI for the difference
were above 0).

Figure 2 shows the rapid onset of amenorrhea
(<2 mL/28 days), with the majority of women achieving
amenorrhea after 6 days and 75% achieving amenorrhea
within 10 days in the vilaprisan 1.0-4.0 mg treatment groups.
Amenorrhea (<2 mL/28 days) was maintained until the end of
the treatment period, with cumulative rates of 85%), 89% and
8300 at end of treatment in the vilaprisan 1.0 mg, 2.0 mg, and
4.0 mg groups, respectively. In the vilaprisan 0.5 mg
treatment group, onset of amenorrhea was slower and 65%
of women achieved amenorrhea by the end of treatment. In
the placebo group, amenorrhea (<2 mL/28 days) was
observed in only 9% of patients by the end of treatment.
The differences compared with placebo were 56.4% (95% CI
40.0%-69.8%), 76.6% (95% CI 62.8%-86.8%), 79.9% (95%
CI 66.4%-89.2%), and 74.7% (95% CI 60.4%-85.5%) in the
vilaprisan 0.5 mg, 1.0 mg, 2.0 mg, and 4.0 mg treatment
groups, respectively. Compared with placebo, these rates
were significantly higher for all doses of vilaprisan (all lower
limits of the 95% CI for the difference were above 0).

Controlled bleeding (<80 mL/28 days) was achieved
within 4 days of treatment initiation by 75% of patients in
the vilaprisan treatment groups. Most patients in the placebo
group did not achieve controlled bleeding during the
treatment course, with 25% of patients in the placebo group
achieving controlled bleeding within 32 days (Supplemental
Fig. 2). Cumulative controlled bleeding rates by the end of
treatment were 90%, 97%, 100%, and 98% in the vilaprisan
0.5 mg, 1.0 mg, 2.0 mg, and 4.0 mg groups, respectively,
compared with 49% in the placebo group.

The volume of menstrual blood loss at baseline, at end of
treatment, and after treatment is shown in Supplemental
Figure 3. HMB (>80 mL) stopped during vilaprisan treatment
and returned after treatment cessation (at the first bleeding
after end of treatment). At baseline, the mean menstrual blood
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loss was 165 mL in the placebo group and 172-178 mL across
the vilaprisan treatment groups. As expected, mean blood loss
remained relatively stable throughout the study in the placebo
group. In the last 28 days of treatment, mean menstrual blood
loss per 28 days decreased to <9 mL in the vilaprisan 1.0 mg,
2.0 mg, and 4.0 mg treatment groups, and to 28 mL in the
vilaprisan 0.5 mg treatment group. Similarly, median
menstrual blood loss was O mL after 12 weeks of treatment
for all vilaprisan groups.

After cessation of study drug treatment, bleeding had re-
turned in 75% of patients within 24, 27, 30, and 31 days in
the vilaprisan 0.5 mg, 1.0 mg, 2.0 mg, and 4.0 mg treatment
groups, respectively. A return to HMB (>80 ml) was
observed for the majority of patients at the first menstrual
bleeding episode after treatment cessation, with a mean
menstrual blood loss of >80 mL in all of the vilaprisan-
treated groups for this bleeding episode (mean blood losses
were 112 mL, 120 mL, 116 mL, and 90 mL in the vilaprisan
0.5 mg, 1.0 mg, 2.0 mg, and 4.0 mg treatment groups, respec-
tively). However, the mean menstrual blood loss during the
first bleed after treatment was numerically lower than the
pretreatment volume recorded at baseline. Bleeding returned
in ~98% of women in the vilaprisan treatment groups by the
end of follow-up. In the vilaprisan treatment arms, bleeding
volume stabilized during the treatment-free follow-up at a
level lower than baseline (menstrual blood volume ranged

from 102 mL to 141 mL for the second to fifth bleeding
episodes).

There was a dose-dependent reduction in median fibroid
volume of 14.9%-41.4% at the end of treatment with
vilaprisan versus an increase of 4.9% with placebo (as
measured by MRI; FAS). The reduction in fibroid volume
was partially sustained during follow-up (median reduction
of 9.3%-26.9% with vilaprisan vs. an increase of 5.1% with
placebo at the end of the 21-24-week follow-up compared
with baseline, as measured by MRI; Supplemental Fig. 4).
Fibroid size measured by vaginal ultrasound showed
results similar to those of MRI, with median decreases of
42.0%-44.4% observed in the 1.0-4.0 mg treatment groups
at the end of treatment and 31.3% in the 0.5 mg group.

Most patients reported improvements in their symptoms
after 12 weeks of vilaprisan treatment (as measured with
the use of the PGI-C scale); 53.7%, 67.2%, 70.2%, and
75.4% of women in the 0.5 mg, 1.0 mg, 2.0 mg, and 4.0 mg
dose groups, respectively, reported their symptoms to be
“much better” or “very much better” at the end of treatment
compared with 14.6% of women receiving placebo
(Supplemental Fig. 5). In the PGI-S questionnaire, 66.7%,
74.6%, 65.5%, and 67.3% of women in the vilaprisan
0.5 mg, 1.0 mg, 2.0 mg, and 4.0 mg dose groups, respectively,
rated their overall UF symptom severity as “moderate” or
“severe” at baseline; this was maintained throughout the
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TABLE 1

Baseline patient characteristics (full analysis set and safety analysis set).

Treatment group

VPR 4.0 mg VPR 2.0 mg VPR 1.0 mg VPR 0.5 mg Placebo Total
Characteristic (n = 60) (n = 61) (n = 61) (n = 60) (n = 58) (n = 300)
Race
White 34 (56.7%) 34 (55.7%) 30 (49.2%) 29 (48.3%) 35 (60.3%) 162 (54.0%)
Black 11 (18.3%) 13 (21.3%) 16 (26.2%) 17 (28.3%) 9 (15.5%) 66 (22.0%)
Asian 13 (21.7%) 14 (23.0%) 15 (24.6%) 14 (23.3%) 14 (24.1%) 70 (23.3%)
American 1(1.7%) 0 0 0 0 1(0.3%)
Indian/Alaskan
native
Not reported 1(1.7%) 0 0 0 0 1(0.3%)
Age (y)
Mean + SD 435+ 4.2 43.0+ 4.6 419+45 417 +49 428 +£5.1 426 +4.7
Range 33-50 28-50 32-48 27-49 32-50 27-50
Baseline body mass index (kg/m?)
Mean + SD 24.75 + 7.38 26.98 + 6.03 27.90 +£7.79 2872 +£7.22 26.05 + 6.00 27.43 +6.94
Range 18.7-55.4 18.1-47.6 17.3-57.9 15.5-46.2 15.6-39.6 15.5-57.9
Categorized hemoglobin group
<8 g/dL 2 (3.3%) 2 (3.3%) 2 (3.3%) 1(1.7%) 1(1.7%) 8 (2.7%)
>8 g/dL 58 (96.7 %) 59 (96.7%) 59 (96.7%) 59 (98.3%) 57 (98.3%) 292 (97.3%)

Menstrual blood loss (menstrual pictogram?®; mL)

Mean =+ SD 178.42 + 107.56 182.59 + 125.60 182.98 + 113.04 175.71 £ 92.35 164.63 + 78.71 176.99 + 104.50

Range 81.5-567.5 81.5-653.5 82.0-649.5 83.0-482.0 80.5-426.5 80.5-653.5
Age at menarche (y)

Mean =+ SD 124+ 1.3 126 £ 1.5 12.7 1.7 121+ 1.6 128+ 1.6 125+ 1.6

Range 9-15 9-16 8-17 8-16 9-17 8-17
Volume of largest fibroid (MRI; mL)

Mean + SD 89.85 + 114.23  106.61 4 165.11 80.98 + 96.67 89.13 + 88.33 114.46 + 156.58  96.06 + 127.64

Range 0.40-503.95 3.10-905.25 0.70-432.00 5.45-393.25 0.70-748.45 0.40-905.25

Volume of three largest fibroids (MRI; mL)

Mean =+ SD 124.38 £144.02 11821 £170.01 107.45 4+ 115.72 129.92 £123.20 138.29 + 184.55 123.38 4+ 148.87

Range 0.80-636.95 3.50-907.35 0.70-487.60 5.50-434.65 1.60-58.752.35 0.70-907.35
Location of the largest fibroid, n (%)

Submucosal 9(15.0) 10 (16.4) 9(14.8) 15 (25.0) 12 (20.7) 55 (18.3)

Intramural 35 (58.3) 40 (65.6) 33 (54.1) 34 (56.7) 35 (60.3) 177 (59.0)

Subserosal 14 (23.3) 10 (16.4) 18 (29.5) 11(18.3) 10(17.2) 63 (21.0)

Other 2(3.3) 1(1.6) 1(1.6) 0 1(1.7) 5(1.7)

Note: MRI = magnetic resonance imaging; SD = standard deviation; VPR = vilaprisan.

2 For patients with a baseline menstrual blood loss according to the menstrual pictogram method of <80 mL in the original analysis, the first bleeding episode time frame with a blood loss volume
>80 mL was considered as baseline. If such a bleeding episode time frame does not exist, the menstrual blood loss volume used for eligibility was considered.

Bradley. ASTEROID 1: vilaprisan in uterine fibroids. Fertil Steril 2018.

study in the placebo group. At end of treatment, symptoms
were described as “moderate,” “severe,” or “very severe” in
49.1%, 34.5%, 28.4%, and 28.6% in the vilaprisan 0.5 mg,
1.0 mg, 2.0 mg, and 4.0 mg dose groups, respectively, versus
67.9% with placebo (FAS).

All AEs that occurred after the first dose of treatment drug
until the end of the study were considered to be treatment-
emergent AEs (TEAEs). The frequencies of treatment-related
AEs during treatment and follow-up are reported in Table 2,
and common TEAEs experienced by patients (>5%) are
presented in Supplemental Table 1. TEAEs were either
“on-treatment TEAEs,” defined as TEAEs occurring from the
first dose of study drug to 8 days after the last dose, or
“off-treatment TEAEs,” defined as TEAEs that occurred
from 8 days after the dose of study drug to the end of the
follow-up period. Overall, 74.3% of patients reported at least
one TEAE, with 63.0% reporting at least one “on-treatment”
TEAE and 43.7% reporting at least one “off-treatment”
TEAE. A total of 4.3% of patients experienced serious TEAEs.

Similar frequencies of TEAEs were observed across all active
treatment groups during both the treatment and the follow-
up phases of the study, with no dose relationship in the
pattern or incidence of serious TEAEs. The most frequent
TEAEs were ovarian cyst (11.0%), headache (9.7%), and host
flush (9.3%). Of note, in the vilaprisan treatment arms,
metrorrhagia and menorrhagia were reported by up to
6.7%-11.5% and 3.3%-9.8% of patients, respectively,
compared with 1.7% and 6.9% in the placebo arms. No deaths
occurred during the study. No safety concerns were identified
in terms of general safety, endometrial safety, laboratory
values, and ultrasound examinations.

In some patients, liver enzyme values slightly above the
reference range were measured; however, the number of
patients with at least one value of ALT or AST >1.5x ULN
during treatment was small. No patients had a bilirubin value
>1.5x ULN during treatment. The observed increases were
mostly mild, and the affected percentage of patients in the vi-
laprisan groups was similar to that in the placebo group, with
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Bradley. ASTEROID 1: vilaprisan in uterine fibroids. Fertil Steril 2018.

no indication for a dose-dependent increase (Supplemental
Table 2). Two cases of increases of transaminases >3x ULN
occurred under treatment. One patient in the placebo group
had to discontinue treatment because of increased transami-
nases detected during routine study monitoring and for which
no plausible explanation was found. One patient in the vilap-
risan 4.0 mg group had a transient increase of transaminases,
diagnosed at an external medical facility when acute
symptoms occurred in close temporal relationship to the
intake of a concomitant herbal preparation. Liver parameters
normalized quickly after discontinuation of that concomitant
medication, and intake of vilaprisan was not interrupted.

E, values mostly remained within the physiologic range
for the follicular phase (12.4-233 pg/mL for the assay used
to measure E, in ASTEROID 1). There was a trend toward
decreasing E, levels with greater vilaprisan exposure. After
the end of treatment, serum E, returned to levels similar to
those observed at baseline in all vilaprisan treatment groups.

After 1 month of vilaprisan treatment, median FSH levels
were moderately reduced but returned to approximately
baseline levels by the end of treatment.

The endometrium was benign in all biopsies. Biopsies
were taken at screening and follow-up in all patients. For a
third biopsy, patients were randomized to different time
points at or after the end of treatment to evaluate the time
course of PAEC features. In patients randomized to a biopsy
at week 8-12 of treatment, PAECs were present in 38.5%,
58.3%, 45.5%, and 33.3% of women in the vilaprisan
0.5 mg, 1.0 mg, 2.0 mg, and 4.0 mg dose groups, respectively.
At the same time point, PAEC features were identified in
20.0% of women in the placebo group. PAECs rapidly
reversed after treatment cessation. In patients randomized
to a biopsy after the first menses after treatment, observed
rates of PAEC were already noticeably reduced to 23.1%,
30.8%, 14.3%, and 16.7% of patients in the vilaprisan
0.5 mg, 1.0 mg, 2.0 mg, and 4.0 mg treatment groups,
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TABLE 2

Summary of adverse events (safety analysis set), n (%).

VPR 4.0 mg VPR 2.0 mg
Adverse event (n = 60) (n = 61)
Any AE 46 (76.7) 48 (78.7)
Any SAE 2(3.3) ( 2)
Any TEAE 41 (68.3) 5(73.8)
On-treatment 34 (56.7) 7 (60.7)
Off-treatment 28 (46.7) 29 (47.5)
Any drug-related TEAE 24 (40.0) 28 (45.9)
On-treatment 22 (36.7) 25 (41.0)
Off-treatment 9(15.0) 6(9.8)
Any severe TEAE 5(8.3) 4 (6.6)
Death 0 0
Any TE-SAE 2(3.3) 4 (6.6)
Any drug-related TE-SAE 1(1.7) 1(1.6)
On-treatment 1(1.7) 0
Off-treatment 0 1(1.6)
Discontinuation of study 0 0

drug due to TEAE

Treatment group
VPR 1.0 mg VPR 0.5 mg Placebo Total
(n = 61) (n = 60) (n = 58) (n = 300)
50 (82.0) 47 (78.3) 47 (81.0) 238 (79.3)
3(4.9) 3 (5.0) 2 (3.4 15 (5.0)
45 (73.8) 46 (76.7) 46 (79.3) 223 (74.3)
35 (57.4) 42 (70.0) 41 (70.7) 189 (63.0)
22 (36.1) 24 (40.0) 28 (48.3) 131 (43.7)
23(37.7) 22 (36.7) 16 (27.6) 113 (37.7)
20(32.8) 21 (35.0) 14 (24.1) 102 (34.0)
6 (9.8) 4(6.7) 3(5.2) 28 (9.3)
6 (9.8) 8(13.3) 7(12.1) 30 (10.0)
0 0 0 0
3(4.9) 2 (3.3) 2 (3.4) 13 (4.3)
0 0 0 2(0.7)
0 0 0 1(0.3)
0 0 0 1(0.3)
0 1(1.7) 2 (3.4) 3(1.0)

Note: AE = adverse event; SAE = serious adverse event; TEAE = treatment-emergent adverse event; TE-SAE = treatment-emergent serious adverse event; VPR = vilaprisan.

Bradley. ASTEROID 1: vilaprisan in uterine fibroids. Fertil Steril 2018.

respectively, and were reversible to background levels by the
second post-treatment menses. During the 3 months of
vilaprisan treatment, no clear trend of an increase in
endometrial thickness was observed; during treatment,
endometrial thickening >18 mm was observed in 5.1%,
13.8%, 5.2%, and 7.0% of patients on vilaprisan 0.5 mg,
1.0 mg, 2.0 mg, and 4.0 mg treatment, respectively, compared
with 7.0% on placebo.

DISCUSSION

In this randomized, double-blind, placebo-controlled trial,
vilaprisan treatment (1.0-4.0 mg) effectively controlled
menstrual bleeding, reduced fibroid volume, and relieved
the frequency and severity of symptoms of UF compared
with placebo. After treatment cessation, bleeding returned
within 24-31 days for 75% of women and reductions in
fibroid volume were partially sustained at the 24-week
follow-up. Treatment with vilaprisan was not associated
with any relevant safety concerns in ASTEROID 1.

Symptomatic UF is both more frequent and more severe
among women of the African diaspora, so clinical data in
this group are particularly valuable. ASTEROID 1 included a
diverse patient population from a wide range of regions and
ethnicities, with 22.0% of women from the African
diaspora and 23.3% Asian women. Patient ages ranged
from 27 to 50 years, body mass indexes ranged from 15.5 to
57.9 kg/m? and there was considerable variation in the
volume and location of the women’s largest fibroid
(submucosal, intramural, subserosal, and other). However,
because the treatment duration in ASTEROID 1 was limited
to 12 weeks, additional studies with longer follow-up will
be conducted to assess the longer-term efficacy and safety
profile of vilaprisan (29).

The results of ASTEROID 1 are consistent with findings of a
phase 1 study in which vilaprisan induced nonbleeding or
amenorrhea, which was rapidly reversible in the majority of
women at doses of > 2.0 mg, and with studies of other SPRMs,
including ulipristal acetate (24, 25, 30). In ASTEROID 1, E,
levels largely remained within the physiologic follicular
phase range and returned to pretreatment levels at treatment
cessation, indicating a return of ovulation. This observation
is in keeping with phase 1 studies, where E, levels remained
within physiologic levels during treatment (24). Conversely,
treatment with gonadotropin-releasing hormone (GnRH)
analogues induces a hypoestrogenic state associated with
loss of bone mineral density and hot flushes (18, 20).
Vilaprisan has also been shown to inhibit ovulation in a
dose-dependent manner (25).

Liver-related safety signals were observed with the use of
other SPRM compounds, resulting in restrictions of their
development studies or labels (31, 32). Those SPRMs share a
dimethylamino-phenyl group that is metabolized to aniline
derivatives (33, 34). Aniline-like substructures have been
reported to represent a “structural alert” that can be linked
to the occurrence of undesired liver effects through the
formation of reactive intermediates (35, 36). Vilaprisan has
a different chemical structure and different metabolic
elimination pathways compared with those SPRMs (37). It is
anticipated that the molecular structure of vilaprisan will
result in a favorable hepatic safety profile, and hepatic
safety will be thoroughly examined in the large phase III
trials that are currently ongoing.

In ASTEROID 1, the endometrium was benign in all
biopsies, and no hyperplasia or neoplasia was observed
(38, 39). PAECs are a novel endometrial histology, and their
diagnosis relies on a specific constellation of histologic
features that together are characteristic (24, 40). PAECs
were observed in 33.3%-58.3% of women treated with
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vilaprisan, as expected, but these effects were reversed after
treatment cessation and returned to baseline levels after the
second menstrual bleed. PAECs were also observed in a
minority of women in the placebo arm, indicating that none
of the PAEC features are unique and that they are
also observed in patients not treated with SPRMs. In PEARL
I, a randomized, parallel-group, double-blind, placebo-
controlled, phase 3 trial of ulipristal acetate treatment, PAECs
were present in 57%-62% of women during treatment with
ulipristal acetate. Similar to the results here, these
spontaneously resolved within 6 months after cessation of
treatment.

The use of the menstrual pictogram method as a measure
for HMB has recently been validated with modern sanitary
products for use in a clinical setting (27). Here, comparisons
between the menstrual pictogram and alkaline hematin
methods for the measures of HMB, amenorrhea, and
menstrual blood loss showed good agreement, demonstrating
the value of this approach.

In conclusion, the findings of the ASTEROID 1 trial
presented here support the efficacy and safety of vilaprisan
for the treatment of UF. Vilaprisan treatment for 12 weeks
provided rapid and effective bleeding control, reduced fibroid
volume, and relieved symptoms in women with UF, with no
identified safety concerns. Based on the results of ASTEROID
1, the once-daily vilaprisan 2.0 mg dose has been selected for
further investigation (29).

ROLE OF THE FUNDING SOURCE

Availability of the data underlying this publication will be
determined according to Bayer's commitment to the
EFPIA/PhRMA “Principles for responsible clinical trial data
sharing.” This pertains to scope, time point, and process of
data access. As such, Bayer commits to sharing, on
request from qualified scientific and medical researchers,
patient-level clinical trial data, study-level clinical trial
data, and protocols from clinical trials in patients for
medicines and indications approved in the United States
(U0.S.) and European Union (E.U.) as necessary for conducting
legitimate research. This applies to data on new medicines and
indications that have been approved by the E.U. and U.S.
regulatory agencies on or after January 1, 2014.

Interested researchers can use www.clinicalstudydata
request.com to request access to anonymized patient-level
data and supporting documents from clinical studies to
conduct further research that can help to advance medical
science or improve patient care. Information on the Bayer
criteria for listing studies and other relevant information is
provided in the “study sponsors” section of the portal. Data
access to anonymized patient-level data, protocols, and
clinical study reports will be granted after approval by an
independent scientific review panel. Bayer is not involved
in the decisions made by the independent review panel. Bayer
will take all necessary measures to ensure that patient privacy
is safeguarded.
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Ergebnisse eigener Arbeiten

2.3.2 Erste vergleichende Studie zur klinischen Wirksamkeit

Gemzell-Danielsson K, Heikinheimo O, Zatik J, Poka R, Rechberger T, Hudecek R, Petersdorf
K, Ramirez F, Faustmann T, Groettrup-Wolfers E, Seitz C. Efficacy and safety of vilaprisan
in women with uterine fibroids: Data from the phase 2b randomized controlled trial
ASTEROID 2. Eur J Obstet Gynecol Reprod Biol. 2020 May 31;252:7-14.

Hintergrund: Aus der placebokontrollierten Studie ASTEROID 1 (siehe 2.3.1) ergab sich ein
klarer Hinweis auf die Wirksamkeit von Vilaprisan. Da zu diesem Zeitpunkt allerdings bereits
eine Substanz mit ahnlichem Wirkmechanismus zugelassen war (Ulipristal Acetat, Esmya®),
sollten in dieser friihen Phase der klinischen Entwicklung bereits vergleichende Daten erhoben
werden. Dies geschah in der weitgehend zeitgleich zu ASTEROID 1 durchgefliihrten Studie
ASTEROID 2. Weiterhin wurden in dieser Studie auch unterschiedliche Behandlungsregimes

(Kombinationen aus Phasen mit und ohne Medikamenteneinnahme) exploriert.

Methoden: Die Studie wurde als randomisierte, doppel-blinde, aktiv- und placebokontrollierte
Studie durchgefiihrt. Beziglich des Behandlungsregimes (Phasen mit oder ohne Tabletten-
einnahme) konnte die Studie nicht verblindet werden, weil die Anweisungen zur Medi-
kamenteneinnahme in den verschiedenen Studienarmen unterschiedlich waren. Weiterhin
konnte die Vergleichssubstanz Uliprisal Acetat nur gemal zugelassener Dosis und Regime
(3 Monate Behandlung mit 5 mg/Tag gefolgt von einer behandlungsfreien Phase bis zwei
Menstruationsblutungen erfolgt sind) angewandt werden. Um dennoch eine Verblindung zu
ermoglichen, wurde innerhalb jedes Behandlungsregimes mindestens eine Gruppe zeitweise
mit Placebo behandelt. Daraus ergab sich ein Studiendesign mit sieben parallelen
Behandlungsarmen, die flr die Analyse teilweise kombiniert werden konnten (136).
Eingeschlossen wurden wieder Frauen mit mindestens einem Uterusmyom > 3 cm und einer
Menstruationsblutmenge von >80 ml pro Episode. Der primare Parameter fiur die Unter-
suchung der Wirksamkeit war die komplette Abwesenheit der Blutung in den ersten zwolf
Wochen der Behandlung. Andere Endpunkte waren Ansprechrate bzgl. schwerer

Menstruationsblutung?, MyomgréRe und Vertraglichkeit.

Ergebnisse: Von 172 randomisierten Frauen beendeten 155 die ersten 12 Wochen der
Behandlung. Die mittlere MyomgréRe (Durchmesser) am Studienbeginn betrug 42 mm (£ 20)
und der mittlere Blutverlust lag bei 214 ml (+ 147). In den ersten zwdlf Behandlungswochen
erreichten 63 % der mit Vilaprisan behandelten Frauen eine komplette Abwesenheit der
Blutung. Fur Ulipristal Acetat und Placebo betrug dieser Anteil 55 % bzw. 0 %. Die

Ansprechrate bzgl. schwerer Menstruationsblutungen lag bei 96 % fur Vilaprisan, 87 % fur

3 Definiert als <80ml und mindestens 50 % Verbesserung gegeniiber Studienstart in den letzten
28 Tagen der ausgewerteten Behandlungsphase.
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Ulipristal Acetat, und 40 % fiir Placebo. Das mittlere Myomvolumen* reduzierte sich um
30 % (= 29) in der Viaprisan-Gruppe und um 24 % (+ 29) in der Ulipristal Acetat Gruppe. In
der Placebogruppe wurde ein Anstieg des Myomvolumens um 6 % (+ 20) dokumentiert. Aus
den Parametern zur Untersuchung der Sicherheit und Vertraglichkeit ergaben sich keine

Bedenken.

Diskussion: Die Studie ASTEROID 2 bestatigte die Ergebnisse von ASTEROID 1 und zeigte
ebenfalls eine deutliche Reduktion von schweren Menstruationsblutungen und eine
Verringerung der Myomgrole. Diese vergleichende Studie, die zu einem friihen Zeitpunkt des
Entwicklungsprograms durchgefuhrt wurde, ergab auflerdem Hinweise, dass mit Vilaprisan
(2 mg/Tag) bei guter Vertraglichkeit eine etwas hohere Wirksamkeit als mit Ulipristal Acetat

(5 mg/Tag) erzielt werden kénnte.

Weitere eigene, relevante Publikationen zu diesem Thema (136):

Seitz C, Bumbuliene Z, Costa AR, Heikinheimo O, Heweker A, Hude&ek R, Jacquemyn Y, Melis GB,
Parashar P, Rechberger T, Sanchez AC, van Aken B, Zatik J, Gemzell-Danielsson K. Rationale and
design of ASTEROID 2, a randomized, placebo- and active comparator-controlled study to assess the
efficacy and safety of vilaprisan in patients with uterine fibroids. Contemp Clin Trials. 2017 Apr;55:56-
62.

4 Gemessen wurden die 3 grofiten Myome jeder Patientin.
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Objective: To assess the efficacy of vilaprisan compared with placebo in the management of the symptoms
of uterine fibroids (UF), with a secondary objective to provide a descriptive comparison with ulipristal
acetate.
Study design: The randomized, parallel-group, double-blind, placebo- and active-controlled, multicenter
ASTEROID 2 trial assessed the efficacy and safety of vilaprisan versus placebo and ulipristal acetate for
two 12-week treatment periods in women with >1 UF experiencing heavy menstrual bleeding (HMB).
The primary endpoint compared the efficacy of vilaprisan with placebo at 12 weeks, assessed as the
absence of bleeding/spotting by bleeding diary. Secondary endpoints compared the efficacy of vilaprisan
with ulipristal acetate. Results of the first 12-week treatment period are reported here.
Results: Women (mean age 42.5 years) were enrolled from 1 June 2015. At baseline, mean menstrual
blood loss per 28 days was 214.1 mL and the volume of the three largest UF was 106.2 mL. In total, 155
women completed the initial 12-week treatment period. Complete absence of bleeding/spotting until the
end of the 12-week treatment period was achieved by 62.9 % of women receiving vilaprisan versus 0.0 %
with placebo (p <.001); 55.4 % of women treated with ulipristal acetate reported absence of bleeding/
spotting. The predefined HMB response (<80 mL and >50 % reduction from baseline during the last 28
days of treatment) was observed in 95.7 % of subjects treated with vilaprisan and 86.5 % of subjects
treated with ulipristal acetate. Vilaprisan and ulipristal acetate treatment reduced the sum of the volume
of the three largest UF by 29.9 % and 23.8 %, respectively, whereas an increase of 6.3 % was observed in the
placebo group. No safety concerns, including multiple laboratory parameters, were identified.
Conclusion: Daily administration of vilaprisan 2 mg induced amenorrhea, controlled bleeding, decreased
UF size, and was well tolerated in women with HMB associated with UF.
Clinical Trial Registration: ClinicalTrials.gov number: NCT02465814 https://clinicaltrials.gov/ct2/show/
NCT02465814

© 2020 Published by Elsevier B.V.

Abbriviations: FAS, full analysis set; GnRH, gonadotrophin-releasing hormone; HMB, heavy menstrual bleeding; MP, menstrual pictogram; PGI-C, Patient Global
Impression of Change; PGI-S, Patient Global Impression of Severity; QoL, quality of life; SAE, serious adverse event; SAF, safety analysis set; SAS, Statistical Analysis Software;
SPRM, selective progesterone receptor modulator; TEAE, treatment-emergent adverse event; UF, uterine fibroids; UF-DBD, Uterine Fibroid Daily Bleeding Diary; UPA,

ulipristal acetate.
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1 Introduction

Uterine fibroids (UF; leiomyomas) are common, benign,
gynecological smooth-muscle tumors occurring in up to 80 % of
women by 50 years of age [1-4]. Symptoms include heavy
menstrual bleeding (HMB), anemia, moderate/severe pain, pres-
sure, infertility, and pregnancy complications [3-5], which have a
considerable effect on women’s quality of life (QoL), causing
psychological distress and placing substantial financial burden on
patients and healthcare systems [1,6-8].

Hysterectomy has traditionally been the mainstay of UF
treatment, with approximately two-thirds of women with
symptomatic UF requiring surgery [2,3,9,10]. Increasingly, uter-
ine-preserving treatments are being used, although there is a risk
of recurrence and a need for additional interventions [1,11].

Progesterone plays a central role in the regulation of uterine
function, and also promotes the development and growth of UF
[12,13]. A selective progesterone receptor modulator (SPRM),
ulipristal acetate (UPA), was approved in Europe (2012) and Canada
(2013) for treatment of UF [4,14-17]. However, the European
Medicines Agency restricted UPA use to specific clinical situations,
and mandated a follow-up of liver function tests following reports of
possible UPA-associated serious liver injury [18].

Vilaprisan is an investigational SPRM and emerging medical
treatment for UF [19]. SPRMs target the progesterone receptor
expressed on UF tissue to inhibit cell proliferation and induce
apoptosis, resulting in reduced UF volume [13,20]. In phase 1 and 2
trials, vilaprisan induced reversible amenorrhea and reduced UF
volume after 12 weeks of treatment [21-24]. Vilaprisan was well
tolerated at all study doses; an exposure-response analysis defined
2 mg/day as the dose for further clinical development [21,25].

The ASTEROID 2 trial aimed to assess the efficacy and safety of
vilaprisan 2 mg, versus placebo, and to provide comparative data
versus UPA [20]. Our report includes the results at 12 weeks.

2 Material and methods
2.1 Study design

ASTEROID 2 was a randomized, parallel-group, double-blind,
placebo- and active-controlled, multicenter, phase 2b trial assess-
ing the efficacy of vilaprisan in subjects with UF [20]. The first 12-
week period primarily assessed vilaprisan efficacy versus placebo;
a secondary objective was to provide a descriptive comparison
with UPA. Therefore, participants were randomly assigned and, for
the 12-week analysis, pooled according to treatment received
during that time: vilaprisan 2 mg, UPA 5 mg, or placebo. Subjects
and investigators were blinded regarding their allocation to active
treatment or placebo. The protocol was approved by each study
site’s Institutional Ethics Committee/Institutional Review Board
and conducted in accordance with the ethical principles of the
Declaration of Helsinki and the International Conference on
Harmonization-Good Clinical Practice guidelines. All subjects
provided written informed consent before study entry. The study
was registered on ClinicalTrials.gov (NCT02465814).

2.2 Study population

Women aged 18-50 years with >1 UF of diameter >3 cm
documented by ultrasound at screening were enrolled. Eligible
participants had HMB (>80 mL by menstrual pictogram [MP]) [26]
in a bleeding episode during the screening period. Key exclusion
criteria included pregnancy, lactation, and any UF with a diameter
>10 cm. Concomitant medication with any treatment that might
have interfered with the conduct of the study or the interpretation
of results, including hormonal contraception, tranexamic acid,

gonadotrophin-releasing hormone (GnRH) agonist, or anticoagu-
lant was prohibited.

2.3 Randomization and treatment

Subjects were randomized blockwise, without stratification, to
vilaprisan 2 mg, vilaprisan-matched placebo, UPA 5mg, or UPA-
matched placebo once-daily over 12-weeks [20]. Treatment started
within the first 3 days of bleeding following randomization.

2.4 Assessments

Women used a UF Daily Bleeding Diary (UF-DBD) once-daily to
document their vaginal bleeding (as no bleeding, spotting, mild,
moderate, severe, or very severe). Additionally, bleeding was
assessed by an MP, in which subjects documented menstrual blood
loss (MBL) per sanitary product [26].

The three largest UF were identified during screening and
documented at each ultrasound by the same examiner. Structural
criteria were used to assess the proportion of women with uterine
polyps or findings suggestive of adenomyosis [27]. Volumetric
measurements of the uterus and UF were conducted using pelvic
MRI without contrast agents.

Patient-reported outcomes were collected using eDiary and
electronic questionnaires. Computer-based Patient Global Impres-
sion of Severity (PGI-S) and Patient Global Impression of Change
(PGI-C) questionnaires were completed, rating current severity
and change in UF symptoms since beginning treatment. PGI-S
response options were ‘none’, ‘very mild’, ‘mild’, ‘moderate’,
‘severe’, and ‘very severe’, and PGI-C response options were ‘very
much better’, ‘much better’, ‘a little better’, ‘no change’, ‘a little
worse’, ‘much worse’, and ‘very much worse’.

AEs and serious AEs (SAEs) were recorded. AEs of special
interest were ovarian cysts >3 cm; HMB leading to discontinua-
tion, necessitating intervention, resulting in significant clinical
worsening during the trial, or regarded as an SAE; and elevated
liver enzymes. Standard clinical laboratory parameters, including
hematology, clinical chemistry, liver function tests, and hemosta-
sis, were performed. Three endometrial biopsies were scheduled
per subject: one during the screening period, one following the
first menstrual cycle after the end of study treatment, and one at
the end of 3 months’ follow-up. Additional unscheduled biopsies
were performed in the case of increased endometrial thickness or
suspicious bleeding pattern, as per investigator determination.
Presence of progesterone receptor modulator-associated endome-
trial changes (PAEC) was assessed by a pathologist expert panel for
all endometrial biopsy samples, based on a characteristic
constellation of histologic features. The pathologist expert panel
also documented criteria of benign endometrium or pathological
endometrial changes.

2.5 Study endpoints

The primary efficacy endpoint was complete absence of
bleeding/spotting after the end of the initial bleeding episode
until the end of the treatment period (assessed by UF-DBD).
Secondary efficacy endpoints included time to onset of controlled
bleeding (first day on which MBL for all subsequent 28-day periods
until the end of the treatment period was <80 mL, assessed by MP)
and percentage change in volume of the largest UF versus baseline
(by MRI and ultrasound).

Further predefined HMB-related endpoints were amenorrhea
(MBL <2 mL during the last 28 days of treatment) and HMB
responder rate (<80 mL and >50 % reduction from baseline during
the last 28 days of treatment). Changes in volume of the three
largest UF and QoL were also assessed.
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Safety endpoints included AEs, vital signs, daily bleeding
intensity, laboratory parameters, endometrial thickness, and
endometrial histology.

2.6 Statistical analysis

Sample size calculations were based on results of previous
studies using the primary endpoint. Assuming a bleeding/spotting
absence rate of 80 % for vilaprisan and 5% for placebo, 25 subjects in
each vilaprisan arm and five subjects in the placebo arm would
result in a power of >95 %. The dropout rate was estimated as 17 %;
therefore, the aim was to randomly assign approximately 30
patients to each of the main treatment groups and six patients to
each of the small treatment groups [20]. The full analysis set (FAS)
was used for all efficacy analyses. For the primary efficacy analysis,
a single vilaprisan arm was prespecified for comparison with
placebo to avoid multiplicity issues in the testing strategy [20]. For
the remaining analyses, data pooled by treatment received during
the first 12 weeks, without considering treatment in the second 12
weeks, are reported here.

The safety analysis set (SAF) was used for the safety analysis.
The FAS and SAF consisted of all randomly assigned patients who
received >1 dose of study drug; however, patients in the FAS were
analyzed as randomly assigned (intent-to-treat) and patients in the
SAF were analyzed as treated. The per-protocol set (PPS) included
only women in the FAS without any protocol deviation that could
potentially have affected the primary endpoint.

The primary efficacy analysis used Fisher exact test at a 5% two-
sided significance level; 95 % CIs were calculated for primary and
secondary variables. All secondary efficacy and other variables
were analyzed descriptively. The study was not powered for direct
comparison between the active treatment arms, vilaprisan 2 mg
and UPA 5 mg.

Statistical analyses were conducted by or under the supervision
of the sponsor’s study statistician using Statistical Analysis

Software (SAS) release 9.2 or higher (SAS Institute Inc, Cary, NC,
USA). The study statistician was also the author of the statistical
analysis plan.

3 Results
3.1 Baseline patient characteristics

In total, 172 women were randomly assigned and 155
completed the initial 12-week treatment period (90.1 %; Fig. 1).
Table 1 details the baseline characteristics.

The majority of women were white (94.5 %); mean age (+ SD) at
baseline was 42.1 (5.6) years; mean (+ SD) weight and height were
72.5 (15.9) kg and 165.7 (6.2) cm, respectively. Mean body mass
index (BMI) was 26.3 kg/m?; 47.0 % of women had a BMI of >18.5 to
<25.0kg/m? and 29.3 % had a BMI > 25.0 to <30.0 kg/m?. During
the first scheduled biopsy at screening visit 2, no cases of PAEC
were reported.

A UF diagnosis was made using ultrasound and MRI in 97.6 % of
women (2.4 % by ultrasound alone). At baseline, the mean (& SD)
diameter of the largest UF was 41.7 (20.1) mm, and the combined
volume of the three largest UF was 106.2 (118.9) mL, measured by
ultrasound. All women recorded HMB as a current symptom or in
their UF-related medical history; 80 % of women reported pain or
dysmenorrhea. UF was initially detected based on clinical
symptoms including HMB in 65.9 % of women, or by chance in
28.0 %; 30.5 % of women had a family history of UF. Time from
initial diagnosis to participation in this clinical study ranged from
1.4-315.2 months.

3.2 Efficacy
3.2.1 Impact on heavy menstrual bleeding

The percentage of women with complete absence of bleeding/
spotting during the first 12 weeks of treatment was higher in the

[ Enrolled (N=244) ]

Not completed due to:
- Adverse event (n=1)
- Screen failure (n=67)
- Withdrawal by subject (n=4)

—

[ Randomized (n=172) ]

y

!

Randomized to treatment Vilaprisan 2 mg
(n=73)

Received treatment
(full analysis set)

Vilaprisan 2 mg
(n=70)

Vilaprisan 2 mg
Completed treatment = 68

Completedfirst treatment

. Not completed (n=5):
period (12 weeks)

- Adverse event n=1
- Protocol violation n=3 .
« Withdrawal n=1

Completed treatment = 68

Not completed (n=9):
- Adverse eventn=6 - Adverse event n=1
Protocol violation n=2 - Protocol violation n=1
+ Withdrawal n=1 « Withdrawal n=1

UPA 5mg Placebo
(n=77) (n=22)
UPA 5mg Placebo
(n=74) (n=20)

N/
UPA 5mg Placebo

Completed treatment = 19

Not completed (n=3)

Fig. 1. Patient disposition. Treatment arms shown here were further subdivided into a total of seven arms based on the treatment received during the second treatment
period. The second treatment period is not reported in this manuscript and therefore is not displayed here. Full details of the study design, including a description of treatment

arms, has been published [20]. UPA, ulipristal acetate.
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Table 1
Patient Baseline Characteristics (FAS/SAF).
Baseline Demographics Vilaprisan 2 mg Ulipristal acetate 5 mg Placebo Total N =164
n=70 n=74 n=20
Race, n (%)
White 64 (91.4) 72 (97.3) 19 (95.0) 155 (94.5)
Black or African-American 3(4.3) 1(1.4) 1(5.0) 5(3.0)
Asian 2(2.9) 1(1.4) 0 (0.0) 3(1.8)
American Indian or Alaska native 1(1.4) 0 (0.0) 0 (0.0) 1(0.6)
Age (mean years + SD) 422 +5.8 422 +53 418 £6.1 4214+5.6
Weight (mean kg + SD) 71.3 £14.7 72.3 £16.0 76.9 +£19.3 72.5+15.9
Body mass index (kg/m? + SD) 26.1+5.0 26.1+5.2 274 +£6.5 263 +5.2
MBL for 28 days (mean mL by MP + SD) 226.7 £167.7 200.3 +115.5 219.8 +146.8 2141+ 1435
Volume of the three largest UF by ultrasound (mean mL + SD) 102.4 +£118.5 109.2 +£124.3 108.4 +104.0 106.2 +-118.9
Diameter of the largest UF by ultrasound (mean mm =+ SD) 41.8 +18.7 421 +215 40.2 +20.5 41.7 £20.1
Location of the largest UF, n (%)
Submucosal 5(7.1) 2(2.7) 2 (10.0) 9 (5.5)
Intramural 55 (78.6) 49 (66.2) 13 (65.0) 117 (71.3)
Subserosal 7 (10.0) 20 (27.0) 4 (20.0) 31(18.9)
Other 3(4.3) 3 (4.1) 1(5.0) 7 (4.3)
Uterine volume by ultrasound (mean mL & SD) 274.8 £192.1 330.9+289.0 265.2 +151.6 299.0 +£237.8

FAS, full analysis set; MBL, menstrual blood loss; MP, menstrual pictogram; SAF, safety analysis set; SD, standard deviation; UF, uterine fibroid. Table 2.

16.8 %) for placebo. Amenorrhea (<2 mL in the last 28 days of the
first treatment period, assessed by MP) was reported by 81.4 % (95
% C170.3-89.7 %) and 71.6 % (95 % C1 60.0-81.5 %) of women treated
with vilaprisan and UPA, respectively, compared with 5.0 % (95 % CI
0.1-24.9 %) for placebo (Fig. 2A).

prespecified vilaprisan arm (n = 35) than in the placebo arm (62.9 %
vs 0.0 %; p<.001). Based on pooled data, complete absence of
bleeding/spotting (UF-DBD) was reported by 60.0 % (95 % CI 47.6—
715 %) and 55.4 % (95 % CI 43.4-67.0 %) of women treated with
vilaprisan and UPA, respectively, compared with 0.0 % (95 % CI 0.0-

100 -
a
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80
71.6

60 -

Patients (%)

40 -

20 A

5.0

Ulipristal acetate 5 mg Placebo

Vilaprisan 2 mg

97.1%
95.7%
0.9

°
?

o °
bis ?

o o
kS b
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S o I,

Cumulative Event Rate

X X © 30.7%
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0.0
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Treatment subgroup

-------- Vilaprisan 12 wks - pool - - - Ulipristal 12 wks - pool Placebo 12 wks - pool O Censored

Fig. 2. Bleeding outcomes. (A) Amenorrhea rate (bleeding <2 mL) during the last 28 days of the 12-week treatment period. (B) Kaplan-Meier plot for time to onset of
controlled bleeding by treatment group. Time to onset of controlled bleeding (the first day on which MBL for all subsequent 28-day periods until the end of the treatment
period was <80 mL, as assessed by menstrual pictogram) after starting treatment based on moving evaluation time windows of 28 days.
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Median time to onset of controlled bleeding was 3 days in the
vilaprisan and UPA arms (Fig. 2B), with 97.1 % and 95.7 % of subjects
achieving controlled bleeding by the end of the treatment course,
respectively. HMB response during the third 28-day interval of the
treatment course was observed in 95.7 % of subjects treated with
vilaprisan and 86.5 % with UPA compared with 40.0 % for placebo.

Data from the PPS were similar to the FAS, with slightly higher
amenorrhea rates in active treatment arms. Complete absence of
bleeding/spotting was reported in 66.7 % of women treated with
vilaprisan (p <.001 versus placebo), and pooled data indicated
complete absence of bleeding/spotting in 63.9 % (95 % CI 50.6-75.8
%) and 61.5 % (95 % Cl 48.6-73.4 %) in women treated with
vilaprisan and UPA, respectively. None of the women in the placebo
group experienced amenorrhea.

3.2.2 Change in UF volume

Mean (SD) change from baseline in the sum of the volume of the
three largest UF by MRI was -29.9 % (28.8 %) and -23.8 % (29.1 %)
with vilaprisan and UPA treatment, respectively. An increase in
volume of the three largest UF of 6.3 % (20.4 %) was observed with
placebo. After 12 weeks, there were greater relative changes in the
volume of the three largest UF when measured by ultrasound
versus MRI, with mean (SD) changes of -46.2 % (32.5 %), -39.1 %
(43.9 %), and -14.4 % (27.6 %) in the vilaprisan, UPA, and placebo
groups, respectively. Similar changes in the volume of the largest
UF were observed (Appendix 1).

3.2.3 Symptom severity

After 12 weeks, 57.4 % and 47.8 % of women receiving vilaprisan
or UPA, respectively, reported their symptoms ‘very much better’
or ‘much better’ versus 25.0 % with placebo (assessed by PGI-C).
Most subjects on active treatment reported symptoms to be at
least ‘a little better’ (94.1 % with vilaprisan and 87.0 % with UPA)
versus 65.0 % with placebo (Appendix 2).

The proportion of subjects experiencing ‘severe’ or ‘very severe’
symptoms (assessed by PGI-S) decreased from 50.0 % and 45.7 % of
subjects in the vilaprisan and UPA groups, respectively, at baseline
to 7.5 % and 11.6 % after 12 weeks of treatment versus 57.9%-30.0%
with placebo.

3.3 Safety
At least one treatment-emergent AE (TEAE; occurring from first

intake of study drug to 8 days after last intake of study drug) was
reported by 60.4 % of subjects (n =99/164). The frequency of TEAEs

was similar across groups, observed in 41 (58.6 %), 46 (62.2 %), and
12 (60.0 %) subjects treated with vilaprisan, UPA, and placebo,
respectively. The most frequently reported TEAEs were headache
(17.1 %), nasopharyngitis (6.7 %), hot flashes (5.5 %), and ovarian
cysts (5.5 %). Three (4.3 %) subjects receiving vilaprisan had severe
TEAEs (one with hot flashes; one with hypertensive crisis; one with
severe pruritus, hot flashes, night sweats, and tachycardia)
compared with four (5.4 %) and two (10.0 %) subjects with UPA
and placebo, respectively. Overall, six (3.7 %) subjects discontinued
study drug because of AEs. There were no SAEs during the first 12-
week treatment period (Table 2).

No relevant changes in laboratory parameters were observed,
and serum liver enzyme level assessment indicated no safety
concerns. Estradiol values were moderately suppressed during
treatment in both active treatment groups, with median changes
from baseline of -39.1, -28.6, and -20.2 pg/mL for vilaprisan, UPA,
and placebo, respectively (Appendix 3). No unexpected findings
and no critical endometrial findings, such as hyperplasia or
malignancy, were reported during the first 12 weeks.

4 Discussion

In our 12-week analysis of ASTEROID 2, a significantly higher
number of women with HMB associated with UF experienced a full
treatment response (defined as complete absence of bleeding/
spotting) with vilaprisan versus placebo. No relevant safety
concerns were identified.

Vilaprisan treatment resulted in >80 % of women with UF
achieving amenorrhea (<2 mL/28 days) after 12 weeks, approxi-
mately 10 % more than in the UPA group. A similar difference was
observed in the proportion of women achieving predefined HMB
response, where >95 % of women treated with vilaprisan were
defined as responders versus approximately 85 % of UPA-treated
women. The observed responder rate of 40 % in the placebo group
is likely explained by variability of blood loss between cycles.

These findings corroborate those of the phase 2b ASTEROID 1
trial, in which 89 % of subjects with UF-associated HMB treated
with vilaprisan 2 mg achieved amenorrhea after 12 weeks, and
controlled bleeding was reported within a mean of 4 days of
initiating treatment [24]. The slightly lower amenorrhea rates
observed in women treated with UPA are similar to those from the
phase 3 European trials, in which women with UF received oral
UPA 5 mg for 13 weeks [15,28]. The ASTEROID 2 study used novel
methods to measure bleeding outcomes that were validated
compared with other commonly used methods (such as the

Table 2

Frequency of TEAEs.
TEAE category (overall) Vilaprisan 2 mg n=70 Ulipristal acetate 5 mg Placebo n=20 Total

n=74 n=164

Subjects with TEAEs, n (%)
Any TEAE 41 (58.6) 46 (62.2) 12 (60.0) 99 (60.4)
Any study drug-related TEAE 30 (42.9) 22 (29.7) 5(25.0) 57 (34.8)
Any TEAE related to procedures required by the protocol 0 0 0 0
Maximum intensity for any TEAE, n (%)
Mild 19 (27.1) 23 (31.1) 6 (30.0) 48 (29.3)
Moderate 19 (271) 19 (25.7) 4 (20.0) 42 (25.6)
Severe 3(4.3) 4(5.4) 2 (10.0) 9 (5.5)
Maximum intensity for study drug related TEAE, n (%)
Mild 15 (21.4) 11 (14.9) 3(15.0) 29 (17.7)
Moderate 12 (17.1) 9(12.2) 0 21 (12.8)
Severe 3(4.3) 2(2.7) 2 (10.0) 7 (4.3)
Any SAE 0 0 0 0
Discontinuation of study drug due to TEAE 0 5(6.8) 1(5.0) 6 (3.7)

AE, adverse event; SAE, serious adverse event; TEAE, treatment-emergent adverse event (occurring from the first intake of the study drug to 8 days (five half-lives of the study

drug) after the last intake of study drug).
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alkaline hematin method); the results of this validation will be
published separately [26].

Unlike other key trials investigating UF treatment, which
commonly use either ultrasound or MRI to measure UF volume,
ASTEROID 2 included both assessments. The observed differences
between the two methods indicate that studies using only
ultrasound should be interpreted with caution and highlight
MRI as a more precise method in the diagnosis and assessment of
women with UF. The sum of the three largest UF at week 12
indicate greater reductions following vilaprisan treatment (-29.9 %
and -46.2 % measured by MRI and ultrasound, respectively) than
with UPA (-23.8 % and -39.1 %) or placebo (+6.3 % and -14.4 %).
These reductions are consistent with those reported in ASTEROID 1
[24].

Similarly, in PEARL I and II, median reductions (by MRI) in UF
volume of -21.2 % and -36 % were observed with UPA 5 mg (total
UF volume and sum of three largest fibroids, respectively) [15,28].
The PEARL IV study also showed similar median changes from
baseline in the total volumes of the three largest UF measured by
ultrasound in UPA-treated subjects (-38.0 %) [14].

Overall, these data suggest that treatment with vilaprisan can
achieve higher efficacy at a lower dose versus UPA. This may be
due to optimization of the molecular structure of vilaprisan,
which was developed with the aim of maximizing specificity for
the progesterone receptor, while eliminating structural elements
that may have the potential to induce undesirable liver effects
[23,29,30]. Compared to other compounds containing structural
motifs known to effect liver function [18,31-35], vilaprisan has a
different metabolic elimination pathway involving CYP3A, which
is expected to result in a favorable hepatic safety profile
[19,29,36].

Vilaprisan was well tolerated, and no safety concerns were
identified. Standard laboratory parameters did not identify
clinically relevant changes in any group. Mean estradiol levels
were moderately suppressed during the 12-week treatment period
in all treatment arms but remained largely within the physiologic
follicular phase range. This is consistent with observations from
phase 1 studies and ASTEROID 1, and is distinct from findings with
other compound classes used or developed for the treatment of UF
[21,24]. Additional pre-clinical safety investigations are ongoing to
support future development of vilaprisan.

The main limitation of the study was the limited regional scope
of the patient population, occurring because the study could be
conducted only in countries with UPA approval. The 24-week
follow-up data from ASTEROID 2 will provide insights about
whether the efficacy and safety of vilaprisan is maintained over a
longer treatment period.

5 Conclusions

Treatment with vilaprisan 2 mg over 12 weeks effectively
induces amenorrhea in patients with UF, controls HMB, and
decreases UF volume. Additionally, vilaprisan is well tolerated and
may provide a novel opportunity to reduce the need for surgery in
women with HMB associated with UF.
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3. Diskussion

Endometriose und Uterusmyome sind die haufigsten gutartigen gynakologischen
Erkrankungen. Beiden Erkrankungen ist gemeinsam, dass sich die klinischen Symptome nur
schwer oder gar nicht objektiv erfassen lassen. Deshalb haben die Entwicklung und
methodisch korrekte Anwendung patientenbasierter Endpunkte einen hohen Stellenwert. Der
subjektive Charakter der verwendeten Endpunkte macht sie anfallig fur das Auftreten eines
Placeboeffektes, der bei Endometriose wie bei anderen Schmerzerkrankungen haufig
beobachtet wird (137). Fir beide untersuchten Substanzen, Dienogest und Vilaprisan, waren
daher placebokontrollierte Studien Teil des klinischen Entwicklungsprograms. In beiden
Entwicklungsprogrammen wurden zusatzlich auch aktiv kontrollierte Studien durchgefiihrt, um
Daten zur vergleichenden Wirksamkeit zu erheben. Die in dieser Schrift zusammengefassten

Studien hatten im Wesentlichen drei Ziele:

1. Identifikation bzw. Entwicklung geeigneter Endpunkte zur Untersuchung der
klinischen Wirksamkeit beider Substanzen.

2. Nachweis der klinischen Wirksamkeit von Dienogest fir die Behandlung der
Endometriose.

3. Bestimmung der therapeutischen Dosis und orientierende Untersuchung zur

klinischen Wirksamkeit von Vilaprisan fir die Behandlung von Myomen des Uterus.

Hier sollen die Ergebnisse im Hinblick auf die genannten Ziele kritisch diskutiert werden.

3.1 Endpunkte

Bei Dienogest bestand die Problematik darin, dass zu Beginn des Endometriose-
Entwicklungsprogramms verschiedene Schmerzskalen etabliert und bei Zulassungsbehérden
akzeptiert waren, diese aber nicht nach den Regeln moderner PRO (patient-reported
outcomes)-Instrumente entwickelt worden waren. So wurde z.B. der haufig in klinischen
Studien verwendete Biberoglu & Behrman Score ohne Patientenbeteiligung basierend auf
Expertenmeinung entwickelt (114). Die VAS dagegen war weit verbreitet in verschiedenen
Schmerzindikationen, hatte aber keine psychometrische Validierung fir die Indikation
Endometriose durchlaufen (117). Trotz dieser methodischen Limitationen erschien es sinnvaoll,
diese Instrumente zu verwenden, weil damit der Vergleich mit in der Vergangenheit
durchgeflhrten Studien mdéglich ist. Auch die Verwendung mehrerer dhnlicher Instrumente
diente teilweise diesem Zweck. Zusatzlich zeigte sich, dass die verschiedenen Instrumente
unterschiedliche Vor- und Nachteile aufweisen: so ist z.B. die verwendete VAS gut geeignet,

um den globalen Behandlungseffekt zZu beschreiben, wahrend der
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Biberoglu & Behrman Score besser zwischen unterschiedlichen Schmerzaspekten trennt.
Insgesamt erlaubt die Verwendung mehrerer ahnlicher Instrumente auch, die Konsistenz
innerhalb der Studiendaten zu evaluieren.

In den letzten Jahren haben sich von Seiten der Zulassungsbehérden die methodischen
Anforderungen an die PRO-Entwicklung weiter erhoht (113). Dies flihrte auch im
Indikationsgebiet Endometriose zur Entwicklung neuer PRO-Instrumente, die diesen
methodischen Ansprichen genigen (138-140). Fir die Vergleichbarkeit verschiedener
Studien ware es wiinschenswert, wenn sich zumindest fir zulassungsrelevante Studien ein

einheitlicher Standard durchsetzen wiirde. Dies ist allerdings im Moment nicht absehbar.

Bei der Erfassung des menstruellen Blutverlustes, der fur die Untersuchung der Wirksamkeit
von Vilaprisan erforderlich war, bestand eine andere Herausforderung. Mit der Alkaline-
Hematin-Methode existierte ein validierter Standard, der auch von Zulassungsbehdérden
akzeptiert wurde (141). Allerdings hatten sich die Eigenschaften moderner Hygieneprodukte
so verandert, dass eine Re-validierung der Methode nétig wurde, um mit diesen neuen
Produkten verlassliche Messdaten zu erhalten (142, 143). Auch diese re-validierte Variante
beinhaltet allerdings die urspriinglichen Nachteile in der praktischen Anwendung: die
benutzten Hygieneprodukte miussen von der Patientin gesammelt und an ein Zentrallabor
verschickt werden. Dort erfolgen die chemische Analyse und Berechnung des Blutgehaltes.
Insgesamt ein sehr aufwendiger, kostenintensiver und unangenehmer Prozess, der z.T. zu
vorzeitigen Studienabbriichen bei Patientinnen fihrt. Eine Erhebung ahnlicher Daten
auferhalb von Zulassungsstudien ist nicht praktikabel und erschwert damit den Vergleich von
Phase 3 Studien und spateren Studien akademischer Zentren.

Winschenswert ware daher eine ausreichend prazise Methode zur Erfassung des
menstruellen Blutverlustes, die einfacher anzuwenden ist. Mit dem Menstrual Pictogram lag
eine solche Methode vor (144). Auch diese muss allerdings fur die Verwendung mit neuen
Hygieneprodukten re-validiert werden. Ein Laborstudie und eine kleinere klinische Studie
wurden hierzu in Vorbereitung auf das Vilaprisan-Programm durchgefiihrt. Daraus resultierte
eine abgewandelte Form des Menstrual Pictogram (8, 128). In der ASTEROID 1 Studie wurde
dann in einer groReren Patientenzahl die re-validierte Alkaline-Hematin-Methode und das
Menstrual Pictogram parallel verwendet, um einen direkten Vergleich des Menstrual
Pictograms mit der Standardmethode zu erméglichen. Die Ergebnisse zeigten eine hohe
Ubereinstimmung beider Methoden und fihren hoffentlich dazu, dass in zukiinftigen Studien

auf die Alkaline-Hematin-Methode verzichtet werden kann (124).
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3.2 Dienogest

Der Nachweis der Wirksamkeit von Dienogest im Rahmen der behdrdlichen Zulassung
beruhte hauptsachlich auf der in Kapitel 2.2.1 beschriebenen Studie gegen Placebo, in der
sich ein statisch signifikanter und klinisch relevanter Unterschied zu Gunsten der mit Dienogest
behandelten Gruppe ergab. Aus Sicht der Zulassungsbehdérden kommt plazebokontrollierten
Studien, die uUblicherweise nach hohen methodischen Standards durchgefuhrt werden, eine
grol’e Bedeutung zu. Wichtig ist hierbei unter anderem die Differenzierung des tatsachlichen
Effektes der neuen Therapie gegenlber typischen Begleiteffekten, die sich z.B. aus der
intensiven Betreuung wahrend der Teilnahme an einer klinischen Studie, der eigenen
Erwartungshaltung an die Therapie oder zufalliger Schwankungen im Symptomverlauf
ergeben. Dass diese Effekte eine relevante GrolRenordnung haben, zeigt die Verbesserung
der VAS-Werte in der Placebogruppe im Vergleich zum Ausgangswert: die Anderung umfasst
mit 15 mm einen Wert, der als klinisch relevanter Effekt beschrieben wurde (117). In
Abwesenheit der Placebodaten wirde der tatsachliche Behandlungseffekt also
moglicherweise deutlich Uberschatzt werden.

Andererseits wird die Durchfiihrung placebokontrollierter Studien aus ethischer und klinischer
Sicht oft kritisch betrachtet, wobei hier unterschiedliche Argumente entscheidend sind. Aus
ethischer Sicht ist es offensichtlich problematisch, Studienteilnehmerinnen mit einer Schmerz-
erkrankung eine wirksame Behandlung vorzuenthalten. Dies wird z.T. dadurch adressiert,
dass in den Studien zusatzliche Schmerzmedikation erlaubt wird. Dies war auch in der hier
betrachteten Studie der Fall: Patientinnen wurde Ibuprofen in einer Dosierung bis 1.200 mg /
Tag als unterstitzende Schmerzmedikation angeboten (3). Allerdings sollte diese nach
Méglichkeit nicht prophylaktisch eingenommen werden, sondern erst nachdem der Schmerz
dokumentiert worden war. Weiterhin musste die eingenommene Schmerzmedikation
dokumentiert werden. Um einen moglichen systematischen Fehler durch unterschiedliche
Mengen von Schmerzmedikation zwischen den Behandlungsgruppen ggfs. zu erkennen,
wurde die eingenommene Schmerzmedikation ebenfalls als Teil des primaren
Wirksamkeitsendpunktes untersucht. Hierzu kam ein mehrstufiger statistischer Test zum
Einsatz, der gegenlaufige Effekte der beiden Parameter ,dokumentierte Schmerzen® und
»-dokumentierte Schmerzmedikation“ ausschlie3t (145). Eine Starke der Studie besteht in den
konsistenten Ergebnissen Uber unterschiedliche Wirksamkeitsendpunkte hinweg. Neben der
VAS wurde auch der Biberoglu & Behrman Score angewandt, der gezielt unterschiedliche
Schmerzkategorien abfragt, die haufig bei Endometriose auftreten. In allen Kategorien zeigte
sich in der Dienogest-Gruppe ein deutlicherer Trend zur Verbesserung als in der
Placebogruppe.

Es gibt neuere methodische Ansatze, wie historische Daten verwendet werden kénnen, um

die Anwendung von Placebo zu vermeiden oder zumindest die notwendige Gruppengrolie zu

73



Diskussion

verringern. Das Grundprinzip besteht darin, die Placebogruppe einer geplanten Studie
zumindest teilweise durch die Daten einer in der Vergangenheit durchgefihrten Studie zu
ersetzen. Hierzu ist es notwendig, dass klinische Studien innerhalb eines Indikationsgebietes
moglichst standardisiert durchgefiihrt werden, z.B. in Bezug auf Population, Endpunkte und
Messzeitpunkte (146). Die in Abschnitt 3.1 diskutierte Entwicklung einheitlicher Parameter zur
Erfassung der Wirksamkeit ist daher eine wesentliche Voraussetzung fir die Anwendung
solcher Methoden, die helfen kénnten, die Notwendigkeit plazebokontrollierter Studien zu

reduzieren.

Kliniker und Erstattungsinstitutionen weisen placebokontrollierten Studien oft geringe
Bedeutung bei, weil Placebo keine reale Alternative zur untersuchten Therapie ist und deshalb
keinen Vergleich mit bestehenden Behandlungsoptionen erlaubt. Im Entwicklungsprogram fir
Dienogest wurde dem begegnet, indem eine zweite Phase 3 Studie mit einem aktiven
Vergleichspraparat durchgefihrt wurde (4). Wegen der unterschiedlichen Darreichungsformen
(Tablette fur Dienogest, intramuskulare Injektion flr Leuprorelinacetat) wurde diese Studie in
einem offenen Design durchgefuhrt, was sicherlich eine Limitation dieser Studie darstellt. Auf
ein ,double-dummy design“ (jede Teilnehmerin erhalt sowohl Tablette als auch Injektion, eines
davon als Placebo) wurde verzichtet, weil aufgrund der recht deutlichen Nebenwirkungen von
Leuprorelinacetat ohnehin eine weitgehende Entblindung erwartet wurde. Ein positiver Aspekt
ist die etwas langere Behandlungsdauer im Vergleich zur placebokontrollierten Studie (24
gegeniiber 12 Wochen). Hierbei zeigte sich, dass der maximale Behandlungseffekt bei 12
Wochen noch nicht erreicht war, wahrend sich nach 24 Wochen ein Plateau der
Schmerzintensitat von etwa 10-15 mm auf der VAS (Mittelwert) abzeichnete. In einer
Verlangerung der placebokontrollierten Studie, die eine Behandlung mit Dienogest fur etwa 12
Monate vorsah, wurde am Ende der Behandlung ein vergleichbarer Wert erreicht (131). Es
zeigt sich also, dass bei Dauertherapie ein niedriges Schmerzniveau erreicht werden kann,
Schmerzfreiheit aber auch unter Therapie oft nicht gegeben ist. Mit der Verringerung des
Schmerzniveaus trat auch eine deutliche Verbesserung der Lebensqualitat ein, die mittels des
SF-36 Fragebogens erfasst wurde (115, 134). Bezlglich der Wirksamkeit zeigten Dienogest
und Leuprorelinacetat nahezu identische Ergebnisse, der klinische Vorteil von Dienogest liegt
in der besseren Vertraglichkeit. Typische unerwiinschte Wirkung von Leuprorelinacetat ist das
Auftreten von Hitzewallungen und eine verminderte Knochendichte, beides bedingt durch die
starke Suppression der ovariellen Ostrogenproduktion (4). Eine dosisabhangige Hemmung
der Ovarfunktion tritt zwar auch bei Dienogest auf, die Ostrogenspiegel liegen aber bei einer
taglichen Dosis von 2 mg mit 39 pg/mL (Mittelwert Gber mehrere Messungen im Zyklusverlauf)

in einem Bereich, bei dem kein relevanter Verlust an Knochenmasse zu erwarten ist (58).
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Es handelte sich bei Einfihrung von Dienogest also um eine neue Therapieoption, die keinen
Vorteil in Bezug auf die Wirksamkeit mitbrachte, aufgrund des besseren Nebenwirkungsprofils
aber ein besseres Nutzen-Risiko-Verhaltnis zeigte. Dienogest ist unter dem Handelsnamen
Visanne® inzwischen seit mehreren Jahren fiir die Behandlung der Endometriose zugelassen
(1) und hat Eingang in die entsprechenden Behandlungsleitlinien gefunden (33, 147). Neben
den in Abschnitt 2.2 dieser Arbeit beschriebenen Studien zum Nachweis der Wirksamkeit
wurden zahlreiche weitere klinische Studien durchgefiihrt, um die Substanz im Hinblick auf
unterschiedliche Aspekte zu prifen. Dazu zahlen zum Beispiel eine Wirksamkeitsstudie in
chinesischen Patientinnen (148), die Untersuchung der Sicherheit und Vertraglichkeit bei
langerer Anwendung (131, 149), eine Studie zur Wirkung auf die Lebensqualitat bei
asiatischen Patientinnen mit Endometriose (150), sowie eine Studie bei jugendlichen
Patientinnen mit Endometriose (132). In Einzelfallen wurde auch die vaginale Applikation
angewandt (151).

Die Verwendung von GnRH-Analoga wie Leuprorelinacetat wird inzwischen wegen des
unguinstigen Nebenwirkungsprofils nur noch in Kombination mit Ostrogen-add-back-Therapie
empfohlen (33). Bei der chirurgischen Therapie liegt ein Schwerpunkt auf der Vermeidung
wiederholter Eingriffe, wodurch die medikamentése Langzeittherapie an Bedeutung gewinnt.
Hierfur erscheint Dienogest aufgrund seiner guten Vertraglichkeit besonders geeignet (152-
155). Insgesamt wird Endometriose zunehmend als komplexe und chronische Erkrankung
verstanden, die eines multi-disziplindren Therapieansatzes bedarf, der am besten in

spezialisierten Zentren erbracht werden kann (77).

3.3 Vilaprisan

Bei der Studie ASTEROID 1 (Abschnitt 2.3.1) handelte es sich um eine klassische Phase 2b
Studie, also eine Untersuchung, deren Hauptzweck die ldentifikation der therapeutischen
Dosis fir die klinische Anwendung von Vilaprisan war. Etwas ungewdhnlich war, dass es sich
dabei um die erste Studie in der Zielpopulation, Frauen mit Uterusmyomen und schweren
Regelblutungen, handelte. Auf eine typische Phase 2a Studie (proof-of-concept) in der Ziel-
population war verzichtet worden, weil das Ausbleiben der Monatsblutung bereits in gesunden
Probandinnen als pharmakodynamischer Effekt beobachtet worden war (73). In ASTEROID 1
sollte erstmals auch der Effekt auf Uterusmyome untersucht werden.

In Bezug auf die primare ZielgroRe (Anteil an Patientinnen, die im letzten Behandlungsmonat
eine Amenorrhoe aufwiesen) zeigten die Dosierungen 1, 2 und 4 mg sehr ahnliche Ergebnisse
und auch die Zeit bis zum Eintritt der Wirksamkeit war mit etwa sechs Tagen sehr ahnlich. Nur
die 0,5 mg-Gruppe zeigte diesbeziiglich eine schwachere Wirksamkeit. Neben der Dosis-

Wirkungs-Analyse wurde auch eine Expositions-Wirkungs-Analyse durchgefiihrt, bei der statt

75



Diskussion

der verabreichten Dosierung die im Plasma gemessene Wirkstoffkonzentration mit der
klinischen Wirksamkeit verglichen wird (156). Mittels eines darauf beruhenden PK-PD-Modells
konnte vorhergesagt werden, dass etwa 98% der Patientinnen, die eine Dosis von 2 mg pro
Tag erhalten, mindestens 90% des Effektplateaus in Bezug auf den gewlnschten Effekt,
Amenorrhoe, erreichen wirden. Ein weiterer wichtiges Aspekt bestand im Vergleich der
Wirksamkeit Gber unterschiedliche ethnische Gruppen hinweg. Studien mit anderen SPRMs
hatten eine deutlich schwachere Wirksamkeit in Patientinnen afrikanischer Abstammung
gezeigt (157, 158). ASTEROID 1 war gezielt als internationale Studie mit ethnisch diverser
Population durchgefiihrt worden (5) und die Ergebnisse deuteten nicht auf relevante
Unterschiede in der Wirksamkeit bei Patientinnen unterschiedlicher Ethnizitaten hin (156).
Diese Eigenschatft ist fur die klinische Anwendung bedeutsam, weil Uterusmyome bei Frauen
afrikanischer Abstammung deutlich haufiger auftreten und auch schwerere Symptome
verursachen (159). Die pathophysiologische Ursache fir diese ethnischen Unterschiede sind
bisher unzureichend erforscht, so dass auch keine differenzierten Therapieempfehlungen
vorliegen. Ein mdglicher Ansatz kdnnte hier eine prophylaktische Behandlung bei Frauen mit
hohem familidarem Risiko sein.

Die MyomgroRe wurde sowohl mittels vaginalem Ultraschall als auch Magnetresonanz-
tomographie (MRT) dokumentiert. In friheren Studien in derselben Indikation war die
MyomgréfRe meist nur mittels Ultraschall untersucht worden (160, 161). Im Vergleich beider
Methoden zeigte sich, dass im Ultraschall, der starker vom durchfiihrenden Untersucher
abhangt, die Veranderung oft etwas Uberschatzt wurde. Beim Vergleich der Daten zwischen
verschiedenen Studien ist daher die angewandte Methodik zu beachten. Wahrend in der
Placebogruppe, bei der MRT-Messung, ein leichtes Wachstum der Uterusmyome festgestellt
wurde, zeigte sich in den Vilaprisan-Gruppen eine Dosisabhangige Reduktion zwischen 15 %
und 41 %. Der Effekt blieb wahrend der Nachbeobachtungsphase von etwa sechs Monaten
weitgehend bestehen. Dies ist bedeutsam, weil bei anderen Therapien teilweise ein Rebound-
Effekt nach Absetzen der Behandlung beschrieben wurde (162). In der Nachbeobachtungs-
phase zeigte sich erneut, dass die Effekte auf die Myome und die Blutung teilweise unabhangig
voneinander sind: wahrend die MyomgroRe Uber sechs Monate reduziert blieb, setzte die
Regelblutung nach etwa vier Wochen wieder ein. Die Blutungsmenge war dabei zwar meist
Uber 80 ml pro Blutung (also ,heavy menstrual bleeding“ per definitionem), stabilisierte sich
aber auf einem etwas geringeren Niveau als vor der Behandlung. Ein Rebound-Effekt, also
verstarkte Blutungen nach Therapieende wie sie bei langerer Anwendung mit einem anderen
SPRM beobachtet worden waren (163), war nicht zu beobachten.

Eine naheliegende Interpretation der Zeitverlaufe von Blutung und MyomgréRe wahrend und
nach der Therapie besteht darin, dass sich hier zwei unterschiedliche pharmakodynamische

Wirkungen Uberlagern:
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¢ Die Reduktion der Myomgrofie erfolgt kontinuierlich. Nach 3-monatiger Behandlung ist
eine deutliche Volumenreduktion erkennbar, wobei die Myome aber nachweisbar
bleiben. Diese Beobachtung steht im Einklang mit einem praklinischen Modell, in dem
das Wachstum von humanem Myomgewebe durch Vilaprisan gehemmt werden konnte
(41). Mogliche Mechanismen sind die Induktion von Apoptose der Myomzellen oder die
Beeinflussung der extrazellularen Matrix dieser Zellen (29). Am Ende der Behandlung
bleibt dieser Effekt fur mehrere Monate bestehen.

e Die Reduktion der Blutungsmenge tritt bereits friilh nach Behandlungsbeginn ein
(bereits im ersten Monat der Behandlung) und erfolgt nahezu vollstandig (Amenorrhoe
in der Uberwiegenden Mehrzahl der Patientinnen), so dass offensichtlich die Blutungs-
reduktion nicht Folge der erst spater auftretenden Myomschrumpfung sein kann,
sondern einen eigenstandigen pharmakodynamischen Effekt darstellt. Ob dieser auf
der weitgehenden Ovulationshemmung beruht oder auch lokale Prozesse am
Endometrium eine Rolle spielen ist derzeit noch unklar (29, 164). Diese Wirkung lasst
nach Absetzen der Behandlung schnell wieder nach, weswegen die Blutung wieder
einsetzt.

Daraus ergeben sich einige Implikationen fir die mogliche klinische Anwendung von
Vilaprisan. Denkbar ist die kurzfristige Therapie von Patientinnen, die eine operative
Behandlung ihrer Myome anstreben. Insbesondere Patientinnen mit aufgrund der schweren
Regelblutungen erniedrigten Hamoglobinwerten kdénnten von einer pra-operativen
Behandlung profitieren. Ein anderes klinisches Szenario ist eine Anwendung bei Patientinnen,
bei denen die Minderung der Lebensqualitdt aufgrund des Blutungssymptomatik im
Vordergrund steht, die aber eine Operation vermeiden wollen. Hier ist mit einer schnellen
Besserung der Symptomatik zu rechnen. Allerdings ist auch davon auszugehen, dass die
Symptome nach Absetzen der Therapie rasch wieder auftreten, so dass eine langfristige
Therapie notwendig wird.

Aufgrund der klinischen Erfahrungen mit anderen SPRMs ist davon auszugehen, dass eine
Dauertherapie ohne Behandlungspausen zu unerwiinschten Effekten am Endometrium fuhrt
(163). Daher ist es notwendig, ein Behandlungsschema zu finden, bei dem sich Phasen aktiver
Behandlung abwechseln mit Behandlungspausen, in denen das Endometrium abbluten kann.
Bei Ulipristal, dem einzigen SPRM, der fir langere Therapie zugelassen ist, wurde dieses
Behandlungsschema aufgrund theoretischer Uberlegungen festgelegt: Behandlungsphasen
von drei Monaten wechseln sich ab mit zwei Menstruationsblutungen (3:2 Regime). Daraus
resultiert fur die Patientin bei erfolgreicher Dauertherapie, dass jeweils auf drei Monate ohne

Menstruationsblutung zwei Monaten mit (lblicherweise starker) Menstruationsblutung folgen.
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In der Studie ASTEROID 2 (Abschnitt 2.3.2) sollte empirisch untersucht werden, ob dieses
Regime bei Vilaprisan optimiert werden kann, also auf einen langeren Zeitraum betrachtet die
Anzahl an Blutungen reduziert werden kénnte. Hierflr wurden zwei Ansatze untersucht:
e Verlangerung der Behandlungsphase bevor eine Pause erfolgt von drei auf sechs
Monate mit dem Ziel eines 6:2 Regimes.
e Verkirzung der Behandlungspause von zwei auf eine Menstruationsblutung mit dem
Ziel eines 3:1 Regimes.
Uber einen langeren Zeitraum betrachtet wiirden beide Regimes die Anzahl der Blutungen im
Vergleich zum etablierten 3:2 Regime um etwa 50 % reduzieren und damit eine deutliche

Erleichterung der Symptomatik fir die Patientinnen darstellen.

Die Daten aus ASTEROID 2 deuten vorlaufig darauf hin, dass die beiden optimierten Regimes
ohne negative Auswirkungen auf die Sicherheit und Vertraglichkeit anwendbar sind.
Einschrankend ist zu sagen, dass ASTEROID 2 nur eine Behandlungsdauer von sechs Monaten
umfasst und zur Bestatigung Studien mit langerer Behandlungsdauer durchgeflihrt werden
mussen. Vilaprisan befindet sich derzeit noch in der klinischen Entwicklung. Die pharmako-
kinetische und pharmakodynamische Charakterisierung wurde parallel zur Phase 3
fortgesetzt. Dazu gehdren Studien zur Interaktion mit Nahrungsaufnahme (165), zur
Pharmakokinetik bei asiatischen Frauen (166), sowie zu potentiellen Wechselwirkungen mit
oralen Kontrazeptiva (167). Die konfirmatorischen Studien der Phase 3 sind noch nicht
abgeschlossen (168, 169) und es bleibt abzuwarten, ob sich die vielversprechenden Daten zur
Wirksamkeit aus den in Abschnitt 2.3 beschriebenen Phase 2-Studien bestatigen werden (5,
6). Letztere deuten darauf hin, dass die klinische Wirksamkeit von Vilaprisan etwas héher sein
koénnte als bei Ulipristal, einer Substanz derselben Wirkstoffgruppe, die in Europa bereits fir
die Behandlung von Uterusmyomen zugelassen ist (161, 170).

Besondere Bedeutung wird in diesem Zusammenhang der Bewertung der Sicherheit
zukommen, da bei Ulipristal nach Marktzulassung einzelne Falle schwerer Leber-
schadigungen aufgetreten sind (DILI, drug-induced liver injury) (171). Diese fuhrten kirzlich
zur Einschrankung der Anwendung auf Patientinnen, bei denen eine chirurgische Therapie
nicht in Frage kommt (172). Vorldufige Daten deuten darauf hin, dass die hepatotoxische
Wirkung auf Strukturelemente zurlickgehen, die bei Ulipristal nicht aber bei Vilaprisan
vorhanden sind (173). Sollte sich dieser strukturelle Zusammenhang bestatigen, ware dies ein
wesentlicher Unterschied fur die Sicherheit beider Substanzen.

Die Wirkung auf das Endometrium ist ebenfalls ein wichtiger Aspekt, insbesondere wenn eine
langere Therapiedauer angestrebt wird. Ungewdhnliche histologische Bilder bei Patientinnen,
die mit SPRMs behandelt wurden, hatten zunachst Besorgnis ausgeldst. Die charakter-

istischen Veranderungen im Gewebe wurden zunachst gelegentlich mit proliferativen
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Pathologien (Hyperplasie) verwechselt und entsprechend behandelt (174, 175). Inzwischen

hat sich herausgestellt, dass die Veranderungen einen nicht-proliferativen Charakter haben

und reversibel sind (176-178). Um diese Veranderungen adaquat zu beschreiben, wurde die

histopathologische Nomenklatur um den Begriff PAEC (Progesterone receptor modulator

Associated Endometrial Changes) erweitert(179).

3.4 Zusammenfassung

Die in dieser Arbeit beschriebenen klinischen Studien konnten die in Kapitel 1.3 formulierten

Ziele weitgehend erfullen:

1.

Die zur Erfassung und Dokumentation der Wirksamkeit ausgewahlten Instrumente,
die Visuelle Analogskala (VAS) flr endometriosebedingte Schmerzen und das
Menstrual Pictogram fiur menstruellen Blutverlust, erwiesen sich als methodisch
geeignet und wurden auch von den Studienteilnehmerinnen gut angenommen. Die
VAS wurde von der Europdischen Arzneimittelzulassungsbehdrde EMA als primarer
Endpunkt in den Studien zur Endometriosetherapie mit Dienogest akzeptiert. Auch
das Menstrual Pictogram zur patientenfreundlichen Erfassung des menstruellen
Blutverlustes bei der Myombehandlung wird von der EMA angenommen. Die US-
Zulassungsbehoérde FDA dagegen forderte weitere Validierungsdaten, die in den
Phase 3 Studien zu Vilaprisan erhoben werden.

Beide durchgeflihrten Studien zum Nachweis der klinischen Wirksamkeit von
Dienogest fir die Behandlung der Endometriose sind erfolgreich verlaufen und
fuhrten gemeinsam mit weiteren Studien aus dem klinischen Entwicklungsprogram
zur europaischen Zulassung von Dienogest fir diese Indikation. Damit steht
Patientinnen mit Endometriose eine wirksame und gut vertragliche Therapieoption
zur Verfugung.

Die beiden beschriebenen Phase 2 Studien zu Vilaprisan fiihrten zur Selektion einer
therapeutischen Dosis, deren Wirksamkeit und Vertraglichkeit in Studien der Phase 3
weiter untersucht wird. Die orientierenden Daten zur vergleichenden Wirksamkeit

flossen in die Fallzahlplanung der entsprechenden konfirmatorischen Studie ein.

Somit konnten die in dieser Arbeit zusammengestellten Studien einen wesentlichen Beitrag

zur Entwicklung neuer Therapieoptionen fur zwei der haufigsten gynakologischen

Erkrankungen beitragen.
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3.5 Ausblick

Insgesamt zeichnen die beiden hier besprochenen Substanzen, Dienogest und Vilaprisan,
einen Trend in der Therapie gynakologischer Erkrankungen auf, der von hormonellen

Ansatzen zu nicht-hormonellen Behandlungen fihrt:

Bei Dienogest handelt es sich bezuglich chemischer Struktur und Wirkmechanismus um eine
klassische Hormontherapie, also einen Agonisten am Hormonrezeptor mit optimierten
Eigenschaften bezuglich Bindung, Selektivitdt und Pharmakokinetik. Vilaprisan, wie auch
Ulipristal, weist chemisch ebenfalls eine steroidale Struktur auf, unterscheidet sich aber
deutlicher vom naturlichen Liganden Progesteron und wirkt weitgehend antagonistisch am

Zielrezeptor (29).

Eine analoge Entwicklung war in den letzten Jahrzehnten bei den Liganden am GnRH-
Rezeptor zu verzeichnen: In den 1980er Jahren wurden zundchst GnRH-Agonisten wie
Leuprorelin oder Buserelin entwickelt und seit den 1990er Jahren therapeutisch fiir die
Behandlung von Endometriose und Uterusmyomen eingesetzt (180). Deutlich spater wurden
auch Antagonisten am GnRH-Rezeptor synthetisiert und untersucht. Fir drei oral verfligbare
Substanzen aus dieser Wirkstoffgruppe, Elagolix (181-183), Relugolix (184) und Linzagolix
(185), wurden in den letzten Jahren positive Phase 3-Daten berichtet, die teilweise bereits zur
Zulassung flhrten. So wurde Elagolix von der US-FDA 2018 als Monotherapie fur die
Behandlung der Endometriose und 2020 in Kombination mit Estradiol und Norethindronacetat
(NETA) fur die Behandlung von Uterusmyomen zugelassen (186). Relugolix ist seit 2019 in
Japan fur die Behandlung von Uterusmyomen zugelassen (187). Im Juli 2021 wurde Relugolix
in Kombination mit Estradiol und NETA auch in Europa fur die Behandlung von Uterusmyomen

zugelassen (188) und die Zulassung von Linzagolix wird in Kirze erwartet (189).

Erstaunlich fir beide Beispiele (Gestagenrezeptor, GnRH-Rezeptor) erscheint zunachst, dass
agonistische und antagonistische Liganden fiir die Behandlung derselben Erkrankungen
eingesetzt werden kdnnen. Dies deutet darauf hin, dass die Wirkung weniger auf spezifischen
Effekten beruht als vielmehr auf der Unterbrechung des physiologischen Hormonzyklus.
Letzteres wird sowohl mit agonistischer als auch antagonistischer Beeinflussung der
entsprechenden Rezeptoren erreicht. Diese Unterbrechung grundlegender physiologischer
Regelkreise fuhrt zu einem weiten Spektrum an Sekundareffekten, die im individuellen Fall
erwinscht oder unerwiinscht sein kénnen (z.B. Ausbleiben der Menstruationsblutung, kontra-
zeptive Wirkung). Selbst wenn einzelne dieser Effekte gewollt sind, wird die tiefgreifende
Beeinflussung natirlicher Prozesse von Patientinnen oft als stérend oder sogar inakzeptabel

betrachtet.
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Die gegenwartige Forschung zu Endometriose und Uterusmyomen richtet sich daher auf
Therapieansatze, die eine gezieltere Beeinflussung der pathologischen Prozesse unter
Beibehaltung des physiologischen Hormonzyklus erlauben. Ein vielversprechender Ansatz fiir
die Behandlung der Endometriose kénnte beispielsweise die Beeinflussung der lokalen
Entziindungsreaktion und der peripheren Schmerzverarbeitung sein (190, 191). In Myom-
zellen wurden kirzlich genetische Modifikationen entdeckt, die ein besseres Verstandnis der
Pathogenese erlauben (192). Weiterhin wurde ein Zusammenhang von Myom-Pravalenz und
Therapieerfolg mit dem Vitamin D Status beschrieben (193, 194). Diese grundlegenden
Erkenntnisse zur Pathophysiologe dieser haufigsten gynakologischen Erkrankungen haben
das Potential, langfristig zu zielgerichteteren Therapien zu fihren als sie im Moment verfligbar

sind.
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