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Abstract

Over the past four decades, advances in radiation therapy, the development of
combination chemotherapy regimens, and the introduction of antibody-drug
conjugates and immune checkpoint inhibitors have significantly increased cure rates
in patients with Hodgkin lymphoma (HL). Nevertheless, numerous unresolved
questions remain regarding its treatment. These primarily concern the minimization of
late adverse effects—which is critical given that the majority of patients are under 35
years of age—and the identification of prognostic factors to detect patients at high risk

of disease relapse.

Most patients with HL can be cured with standard therapy; long-term survival exceeds
90% in localized stages and reaches 70-80% in advanced stages. However, treatment
based on chemotherapy and radiotherapy carries a risk of developing often severe late
complications. Identifying risk factors thus allows for the optimization of therapy based
on the expected clinical outcome, thereby preventing both overtreatment in some

patients and undertreatment in others.

The original articles included and commented on in this habilitation thesis address
these uncertainties in the field of treatment optimization and risk stratification in HL. All
studies described herein were conducted with the goal of contributing to the
development of strategies for effective therapy that achieve maximum treatment

response while minimizing the risk of adverse effects.

The thesis comprises a total of 9 contributions. Initially, our research focused on the
de-escalation of treatment intensity in localized and advanced stages of HL.
Subsequently, we turned our attention to evaluating the efficacy of the CD30-targeted
antibody-drug conjugate brentuximab vedotin. Furthermore, we investigated the
prognostic significance of PD-L1 expression in newly diagnosed HL cases and the role
of extranodal involvement. In subsequent studies, we focused on the incidence of
secondary malignancies following HL treatment and the prognostic value of positron
emission tomography (PET) performed prior to autologous stem cell transplantation in

patients with relapsed disease.
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1 Uvod

|. Hodgkinav lymfom jako model moderni onkologické 1é&by.

HodgkinGv lymfom (HL) pfedstavuje jedno z nejlépe prostudovanych nadorovych
onemocnéni a sou€asné jeden z nejvyznamnéjsich pfikladd pokroku moderni klinické
onkologie. Prestoze tvofi pfiblizné 10-15 % vSech lymfomu a jeho incidence je ve
srovnani s ostatnimi malignitami relativné nizka, stal se HL modelem, na kterém byly
béhem poslednich desetileti ovéfovany zakladni principy kombinované chemoterapie,
radioterapie, multimodalni 1é¢by i individualizace léCebnych postupl. Vysledky
rozsahlych mezinarodnich klinickych studii prokazuji, ze HL patfi mezi maligni
onemocnéni s nejvySSi pravdépodobnosti dlouhodobého vylé€eni. Soucasnymi
léCebnymi postupy lze dosahnout trvalé remise pfiblizné u 80-90 % nemocnych,
pficemz u pacientd s Casnymi stadii onemocnéni pfesahuje pravdépodobnost
dlouhodobého preziti 90 %. -2

Charakteristickym rysem tohoto onemocnéni je jeho vékové rozlozeni s nejvyssi
incidenci mezi 20. a 35. rokem Zivota, tedy v obdobi profesni, reprodukéni i socialni
aktivity nemocnych. Vzhledem k dlouhé oCekavané dobé preziti ziskava vedle
samotné eradikace nadoru stale vétsi vyznam také kvalita Zivota po ukonceni I1éCby. U
pacientu, ktefi jsou po desetileti povazovani za vylé€ené, mohou pozdni komplikace
protinadorové [éCby predstavovat vyznamnou pfiCinu morbidity i mortality. Mezi
endokrinni poruchy a poruchy fertility. Poznani vyznamu téchto dlouhodobych

nasledkd vedlo k zasadni zméné pohledu na Ié¢ebné cile u HL. 48

Historicky vyvoj 1éCby HL Ize charakterizovat jako postupny pfechod od snahy
dosahnout maximalni protinadorové ucinnosti ke strategii usilujici o optimalni
rovnovahu mezi ucinnosti 1éCby a jeji dlouhodobou toxicitou. V prvnich desetiletich
rozvoje systémoveé |éCby bylo hlavnim cilem zvySeni podilu vylé€enych nemocnych
prostifednictvim intenzifikace chemoterapie a radioterapie. Tento pfistup vedl k
dramatickému zlepSeni dlouhodobych Ié¢ebnych vysledkl a predstavoval jeden z
nejvétSich uspéchu klinické onkologie konce dvacatého stoleti. S prodluzujicim se
obdobim sledovani se vS§ak postupné ukazalo, Ze dosazeni dlouhodobé remise muze
byt u €asti nemocnych spojeno s vyznamnou pozdni morbiditou a mortalitou souvisejici

s pfedchozi lé¢bou HL. Dlouhodobé observacni studie prokazaly, Ze pozdni



komplikace protinadorové terapie se mohou manifestovat i vice nez dvé az tfi desetileti
po jejim ukonCeni a u casti pacientu predstavuji vyznamnéjsi pfic¢inu umrti nez
samotny HL.4-10

Tyto poznatky vedly k zasadni promé&né lé&ebné strategie. Usp&snost 1éEby jiz neni
hodnocena pouze podle dosazeného preziti bez progrese nebo celkového preziti, ale
stale vice také podle dlouhodobé bezpecnosti léCby, kvality zivota a zachovani
organovych funkci. Sou€asnym cilem lé€by proto neni pouze maximalizace poctu
vyléCenych pacientl, ale pfedevsim dosazeni co nejvySsi pravdépodobnosti trvalého

vylééeni pfi sou¢asné minimalizaci akutni i pozdni toxicity lécby.2411

V poslednich letech doslo k dalSimu zasadnimu posunu. Pozornost se pfesunula od
jednotného pfistupu ke vSem nemocnym smérem k individualizaci |éCby podle

biologickych vlastnosti nadoru, rozsahu onemocnéni a asné léCebné odpovédi.

Vyznamnou roli v tomto procesu sehralo zavedeni pozitronové emisni tomografie s
vyuzitim '8F-fluorodeoxyglukdzy kombinované s vypocetni tomografii (PET/CT), které
pfineslo moznost presnéjSiho stanoveni rozsahu onemocnéni, hodnoceni Casné
metabolické odpovédi na IéCbu a pfesnéjSiho posouzeni rezidualnich lozZisek po jejim
ukonceni. Pravé metabolicka odpovéd hodnocena pomoci PET/CT se postupné stala
jednim z nejvyznamngjsich prediktivnich faktor( Ié€ebného vysledku a vytvofila zaklad

pro rozvoj PET-adaptovanych lééebnych strategii.’>1°

Soucasné s rozvojem zobrazovacich metod doSlo k vyznamnému prohloubeni
poznatkli o biologii HL. DetailngjSi porozuméni vzajemnym interakcim meazi
Hodgkinovymi a Reedovymi—Sternbergovymi burikami a nadorovym mikroprostredim,
vyznamu imunitnich kontrolnich mechanismu i genetickych zmén vedlo nejen k
identifikaci novych prognostickych biomarkeru, ale také k vyvoji cilené 1éCby, zejména
inhibitord kontrolnich bodd imunitni odpovédi (immune checkpoint inhibitors; ICI) a

konjugovanych monoklonalnich protilatek.6-1°



Vyvoj lécby HL predstavuje postupny prechod od standardizovanych léCebnych
schémat ke stale presnéjSimu pfizpusobeni léCebnych postupt individualnim
charakteristikdm pacienta a onemocnéni. Tento posun umoznil zejména pokrok v
zobrazovacich metodach, hlubsi poznani biologickych mechanismid onemocnéni a
rozvoj cilené IéCby a imunoterapie. Tyto zmény soucasné vytvofily odborny ramec pro
vyzkumné aktivity predkladané v této habilitaCni praci, zaméfené na optimalizaci
IéCebnych strategii a identifikaci prognostickych faktoru, které mohou pfispét k dalsi

individualizaci l1é¢by pacientu s HL.212-19

II. Zména léCebného postupu u HL

Na zakladé vysledkd rozsahlych prospektivnich randomizovanych studii, které
systematicky hodnotily moznosti eskalace i deeskalace léCby u jednotlivych skupin
pacientl, byla postupné opusténa strategie maximalizace pravdépodobnosti vyléCeni
i za cenu vySSi akutni a pozdni toxicity. Soucasné lé¢ebné postupy usiluji o dosazeni

optimalni rovnovahy mezi lé¢ebnou ucinnosti a dlouhodobou bezpeénosti.!120.21

Prvnim vyznamnym krokem bylo zavedeni rizikové adaptované IéCby podle klinického
stadia a pfitomnosti nepfiznivych prognostickych faktord. U pacientd s Casnymi
pfiznivymi stadii se ukazalo, ze vysoké pravdépodobnosti dlouhodobého vyléceni Ize
dosahnout i pfi méné intenzivni lecbé, zatimco u nemocnych s pokroCilym nebo
¢asnym nepfiznivym onemocnénim bylo nezbytné pouzit intenzivnéjsi leéCebné rezimy.
Tento pfistup vytvoril zaklad moderni stratifikace pacientd podle rizika a umoznil prvni

Upravy intenzity 1é¢by.11.20.21

DalSi zasadni zménu predstavovalo zavedeni Casného hodnoceni metabolické
odpovédi pomoci PET/CT. Jiz prvni prospektivni studie prokazaly, Ze negativni PET
po uvodnich cyklech chemoterapie je spojena s mimofadné pfiznivou prognézou,
zatimco pretrvavajici metabolicka aktivita pfedstavuje jeden z nejsilnéjSich prediktor(
relapsu nebo progrese onemocnéni. Casna metabolicka odpovéd po vodnich cyklech
chemoterapie tak poskytuje pfesnéjSi informaci o pravdépodobnosti dlouhodobého
léCebného uspéchu nez vstupni klinické prognostické faktory. Prognosticka hodnota
C¢asného PET se stala zakladem sou€asnych PET-adaptovanych |é€ebnych strategii,
které umoznuji IéCbu b&hem jejiho pridbéhu individualizovat. U nemocnych s ¢asnou

kompletni metabolickou odpovédi Ize u vybranych skupin bezpecné snizit intenzitu
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léCby, zatimco pacienti s prfetrvavajici metabolickou aktivitou mohou profitovat z jeji
intenzifikace nebo zmény |éCebného postupu. Vyznam PET/CT vS8ak pfesahuje
samotné hodnoceni |éCebné odpovédi. Metabolické zobrazeni se stalo nedilnou
soucasti vstupniho stanoveni rozsahu onemocnéni, planovani radioterapie i
hodnoceni rezidualnich lozisek po ukonc€eni |éCby. Standardizace hodnoceni pomoci
Deauville skore a doporu€eni Luganské klasifikace vyznamné pfispély ke sjednoceni

hodnoceni Ié¢ebné odpovédi v klinickych studiich i béZné klinické praxi.12-15.22-24

Soucasné s rozvojem PET-adaptovanych strategii pokraoval vyvoj systémové IéCby.
LepSi porozuméni biologii HL vedlo k zavedeni cilené IéCby zaméfené proti antigenu
CD30 a nasledné inhibitord kontrolnich bodl imunitni odpovédi (ICl). Tyto IéEebné
modality nejprve vyznamné zlepSily vysledky lécby relapsu HL, vCetné refrakterniho
HL, a nasledné byly uspésné zaclenény i do lécby prvni linie. Moderni léCebné
algoritmy tak jiz nejsou zaloZeny pouze na klinickém stadiu onemocnéni, ale stale vice
zohlednuji biologické charakteristiky nadoru, metabolickou odpovéd a individualni

riziko kazdého pacienta. 2325

HL se stal modelovym onemocnénim, na kterém byly ovéfeny principy adaptace |éCby
podle Casné léCebné odpovédi, vyuZiti modernich zobrazovacich metod i integrace
cilené a imunologické 1é¢by do standardnich IéEebnych postupu. Individualizace 1é¢by
se tak stala zakladnim principem souCasné péce o nemocné s HL a souCasné vytvofila
prostor pro hledani novych prognostickych a prediktivnich markert, které umozni dalsi

zpresnéni léGebnych strategii.!®22-25

[ll. Individualizace 1éEby Hodgkinova lymfomu

Individualizace |é¢by HL vychazi z pfedpokladu, Ze pacienti pfedstavuji heterogenni
skupinu s rozdilnym biologickym chovanim onemocnéni, odliSnou pravdépodobnosti
léCebné odpovédi i rdznym rizikem pozdnich komplikaci lécby. Jednim z cill
soucasného vyzkumu je proto identifikace faktort, které umozni pfizpasobit intenzitu

léCby charakteristikdm konkrétniho nemocného.4:26:27
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Historicky byla stratifikace pacientd zaloZzena pfedevSim na klinickych
charakteristikach onemocnéni. Vyznamnym prognostickym modelem se stal
International Prognostic Score (IPS), publikovany Hasencleverem a Diehlem, ktery
kombinuje sedm Klinickych a laboratornich parametrd a umozfiuje odhad rizika
léCebného selhani u nemocnych s pokroCilym HL. PfestoZze IPS pfedstavoval po
mnoho let zakladni nastroj rizikové stratifikace, jeho diskriminacni schopnost se se
ZlepSujicimi |éCebnymi vysledky postupné snizovala. Moderni |éCebné strategie proto
vyzaduji presné&jsi predikci individualni lé¢ebné odpovédi.?6-27

Vedle jiz zminéného ¢asného hodnoceni metabolické odpovédi pomoci PET/CT se v
poslednich letech soustfeduje pozornost také na kvantitativni parametry
metabolického zobrazeni. Mezi nejvice studované ukazatele patfi zejména celkovy
metabolicky nadorovy objem (baseline metabolic tumor volume, bMTV), ktery odrazi
celkovou metabolicky aktivni nadorovou masu pfed zahajenim Ié¢by. VySSi hodnota
bMTV byla opakované spojena s kratSim pfezitim bez progrese onemocnéni a horsi
celkovou prognézou jak u nové diagnostikovanych pacientl, tak u nemocnych s
relabovanym nebo refrakternim HL. Jednotna hrani¢ni hodnota bMTV vSak dosud

nebyla stanovena, nebot vysledky jednotlivych studii se liSi v zavislosti na

charakteristikach hodnocené populace a pouzité metodé segmentace. Kombinace
vstupniho bMTV s ¢asnou metabolickou odpovédi predstavuje jednu z nejslibnéjSich

cest dal$i individualizace IéGebnych postuptl.?829

Stale vétsiho vyznamu nabyvaiji také biologické charakteristiky nadoru. Pokroky v
molekularni biologii umoznily detailnéjSi poznani genetickych zmén Hodgkinovych a
Reedovych—Sternbergovych (HRS) bunék i jejich interakci s nadorovym
mikroprostfedim. Zvlastni pozornost je vénovana expresi ligandi PD-L1 a PD-L2,
jejiz zvySeni souvisi zejména s genetickymi zménami v oblasti 9p24.1 a pfedstavuje
jeden z kliCovych mechanismu uniku nadorovych bunék pfed imunitnim dohledem.
Tyto poznatky nejen prispivaji k vysvétleni mimoradné ucinnosti inhibitord PD-1 u
relabovaného HL, ale soucasné oteviraji moznosti vyuziti biologickych markerd k

predikci léEebné odpovédi.16-19
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Pfes vyznamny pokrok v8ak dosud neexistuje biomarker, ktery by s dostateCnou
pfesnosti umoznil individualizovat 1éEbu vSech nemocnych. Souasné prognostické
modely proto stale ¢astéji kombinuji klinické charakteristiky, metabolické zobrazovaci
parametry a biologické markery s cilem zpfesnit rizikovou stratifikaci pacientu.
Identifikace novych faktor( ovliviiujicich prognézu a léEebnou odpovéd predstavuje
jeden z hlavnich smért sou¢asného vyzkumu HL a sou€asné vyznamnou soucast

vyzkumnych aktivit pfedkladanych v této habilitaéni praci.'827-29

IV. NevyfeSené otazky soucCasné lécby Hodgkinova lymfomu

Hlavni vyzvou soucCasné |éCby HL jiz neni pouze dalSi zvySovani celkové |éCebné
uspésnosti, ale predevsim presnéjsi identifikace pacientd, ktefi mohou profitovat z
méné intenzivni |éCby, a naopak nemocnych vyzadujicich ¢asnou intenzifikaci IéCby
nebo vyuziti novych léCebnych modalit. Vyzkum se proto zaméfuje na optimalizaci
léCebnych strategii s cilem zachovat vysokou pravdépodobnost dlouhodobého

vyléGeni a sou¢asné snizit riziko pozdnich komplikaci lé¢by.!1:15.20-25,31

Jednim z nejdiskutovanéjSich témat zlistava moznost bezpecné deeskalace IéCby u
pacientl s pFiznivou prognézou. Prospektivni randomizované studie ukazaly, Ze u
nemocnych s negativnim interim PET Ize u vybranych skupin snizit intenzitu |éCby
chemoterapii nebo modifikovat rozsah radioterapie. Sou€asné vSak upozornily, ze
pfiliSna redukce 1éEby mlze byt spojena s mirnym zvySenim rizika relapsu. Optimalni
rovnovaha mezi léebnou Uuc&innosti a dlouhodobou toxicitou proto zlstava

predmétem dal$iho vyzkumu. 15,3031

Na opac¢ném konci spektra stoji otazka intenzifikace |1éCby u pacientld s vysokym
rizikem selhani. Eskalované chemoterapeutické rezimy zaloZzené na BEACOPP
(bleomycin, etoposid, doxorubicin, cyklofosfamid, vinkristin, prokarbazin a prednison)
sice vedou u casti nemocnych ke sniZeni rizika relapsu, jsou ale spojeny s vysSi
akutni i dlouhodobou toxicitou, v€etné poruch fertility, hematologickych komplikaci a
sekundarnich malignit. Vyvoj novych rezimu, zejména BrECADD (brentuximab
vedotin, etoposid, cyklofosfamid, doxorubicin, dakarbazin a dexamethason),
pfedstavuje snahu zachovat vysokou protinadorovou ucinnost pfi sou¢asném snizeni

léEbou podminéné toxicity.2!.24.32.33

Vyznamnou oblasti sou€asného vyzkumu predstavuje také hledani presnéjSich
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biomarkeru ovliviiujicich prognézu a 1é€ebnou odpovéd. Piestoze Casna metabolicka
odpovéd hodnocena pomoci PET/CT predstavuje jeden z nejsilngjSich prediktorQ
IéCebného vysledku, sama o sobé nedokaze plné vystihnout biologickou heterogenitu
onemocnéni. Velka pozornost je proto vénovana kvantitativnim parametrim PET/CT
umoznujici objektivnéji charakterizovat metabolickou aktivitu a rozsah nadorového
postizeni, molekularnim charakteristikam nadoru, genetickym zménam a
nadorovému mikroprostiedi. Cilem je vytvofit komplexni model rizikové stratifikace

umoznujici skuteéné individualizovany vybér lé¢by. 182829

DalSi zasadni otazkou je optimalni zacClenéni cilené a imunologické |écby do
jednotlivych linii terapie. Brentuximab vedotin a inhibitory PD-1 vyznamné zménily
léCbu relapsu HL a jejich ucinnost byla nasledné potvrzena také v [éCbé prvni linie
pokrocCilych stadii HL. Dosud vSak neni jednoznacné stanoveno, ktefi pacienti z
téchto postupu profituji nejvice, jaka je optimalni sekvence jednotlivych Ié€ebnych

modalit ani jaké biomarkery by mély byt vyuzity pfi vybéru Iécby.18.23-25

S rostoucim pocétem dlouhodobé prezivajicich pacientd nabyva na vyznamu
prevence sekundarnich malignit, kardiovaskularnich komplikaci, poruch fertility a
dalSich pozdnich nezadoucich ucinkla. Pfi hodnoceni |é¢ebnych vysledkl je proto
stale vétSi ddraz kladen nejen na ucCinnost |éCby, ale také na kvalitu Zivota,
zachovani organovych funkci a jeji dlouhodobou bezpecnost. Tyto aspekty se stavaji
nedilnou soucasti klinického vyzkumu a jsou stale vice zohledriovany také v

mezinarodnich l1é¢ebnych doporuéenich.6-9.23-33
V. Koncepce predlozené habilitacni prace

Pfedlozena habilitani prace je zalozena na souboru plvodnich védeckych publikaci
zameérenych na rlizné aspekty diagnostiky, éCby a prognézy klasického HL. Prestoze
jednotlivé prace vznikaly v prubéhu del§iho ¢asového obdobi a zabyvaji se rGznymi
dil¢imi otazkami, spojuje je spolecny odborny cil — pfispét k dalSimu rozvoji
individualizace 1é€by nemocnych s HL prostfednictvim upravy léCebnych strategii a
stanovenim prognostickych a prediktivnich faktorl vyuzitelnych v bézné klinické

praxi.
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Prvni Cast predloZzeného souboru tvofi publikace vzniklé v ramci spoluprace s
Némeckou studijni skupinou pro Hodgkinav lymfom (German Hodgkin Study Group,
GHSG). Studie, na kterych jsem se podilel, vyznamné pfispély k optimalizaci |éCby
Casnych i pokrocilych stadii HL a jejich vysledky se staly sou€asti mezinarodnich
lé¢ebnych doporugeni. Ugast na téchto projektech mi poskytla jedineénou moznost
podilet se na tvorbé |é€ebnych standardd a souCasné pfinesla zkuSenosti, které se

nasledné promitly do mé vilastni vyzkumné cinnosti.

Na mezinarodni klinické studie tematicky navazuji puvodni prace zamérené na
identifikaci faktor( ovliviiujicich prognézu nemocnych. Tyto studie hodnoti vyznam
metabolického zobrazeni pomoci PET/CT, extranodalniho postizeni, exprese PD-L1 i
dalSich klinickych a biologickych parametri. Jejich spoleénym cilem je zpfesnit
rizikovou stratifikaci nemocnych a pfispét k vybéru optimalni |éCebné strategie pro

jednotlivé pacienty.

DalSi publikace rozSifuje pohled na dlouhodobé vysledky 1éCby HL a zaméfuje se na
pozdni komplikace, zejména sekundarni malignity, a vyznam dlouhodobého
sledovani nemocnych. Vysledky prace ukazuji, Ze hodnoceni uspésnosti léCby HL
nelze omezit pouze na dosazeni kompletni remise €i prodlouzeni preziti, ale musi
zohlednovat také dlouhodobou bezpecCnost IéCby, kvalitu Zivota a riziko pozdnich

nezadoucich udinku.
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2. Lééba €asnych stadii Hodgkinova lymfomu

Vyvoj lé€by €asnych stadii HL, zahrnujicich klinicka stadia | a Il podle klasifikace Ann
Arbor, predstavuje jeden z nejvyznamnéjSich pfikladd postupné individualizace
onkologické |éCby. Na zakladé vysledku prospektivnich randomizovanych klinickych
studii dosahuje v soucasnosti vétSina pacientd dlouhodobého celkového preziti
presahujiciho 90 %. Hlavnim cilem IéCby proto jiz neni pouze dosazeni maximalni
pravdépodobnosti vyléCeni, ale souCasné také minimalizace jeji akutni a zejména
pozdni toxicity. Vyvoj lIé€ebnych strategii proto postupné sméfoval od rozsahlych
radioterapeutickych poli a vysSich davek zafeni k redukci rozsahu a davky
radioterapie, optimalizaci intenzity chemoterapie a nasledné k racionalni deeskalaci
léEby u nemocnych s pfiznivou prognézou, zatimco u pacientd s vySSim rizikem

relapsu je cilem zachovani dostatecné lIécebné intenzity.

V obdobi pfed zavedenim u€inné systémové chemoterapie predstavovala zaklad 1éCby
Casnych stadii HL radioterapie s rozSifenym ozafovacim polem (extended-field
radiotherapy, EF-RT), ktera zahrnovala ozareni vSech uzlinovych oblasti na jedné,
pfipadné na obou stranach branice.3*35. PfestoZe tento pfFistup umoziioval dosahnout
vysokeé lokalni kontroly onemocnéni, dlouhodobé sledovani prokazalo vyznamny
vyskyt pozdnich komplikaci, zejména sekundarnich malignit a kardiovaskularnich
onemocnéni, které se staly vyznamnou pfiCinou pozdni mortality dlouhodobé
prezivajicich pacienttl.36:37 Zavedeni rezimu ABVD (doxorubicin, bleomycin, vinblastin
a dakarbazin) nasledné umoznilo kombinovat systémovou |éCbu s radioterapii, sniZzit
rozsah ozarfenych poli a vyznamné omezit pozdni toxicitu pfi zachovani vysoké
léGebné ucinnosti. 383°

Prvnim vyznamnym krokem k vytvofeni souCasného standardu kombinované lécby
byla studie Némecké studijni skupiny pro Hodgkintv lymfom (GHSG) HD7. Jejim cilem
bylo ovéfit, zda pfidani systémové chemoterapie ke standardni radioterapii zlepsi
IéCebné vysledky u pacientl s Casnym pfiznivym HL. Studie prokazala, ze kombinace
dvou cykli ABVD nasledovanych radioterapii vyznamné snizuje riziko selhani [éCby ve
srovnani se samotnou radioterapii, aniz by vedla k nepfijatelnému zvySeni toxicity. Jeji
vysledky podpofily pfechod od samotné radioterapie ke kombinované modalitni I€Cbé,

ktera se nasledné stala standardem Iécby casnych stadii HL. 4°
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DalSim dulezitym krokem byla studie GHSG HDS8, ktera se zaméfila na pacienty s
Casnymi nepfiznivymi stadii HL. Cilem studie bylo ovéfit, zda Ize po uvodni
chemoterapii nahradit rozsahlé ozafovani (EF-RT) cilenéj§im ozafenim pouze
puvodné postiZzenych uzlinovych oblasti (involved-field radiotherapy, IF-RT), aniz by
byla snizena uc€innost |éCby. Studie prokazala srovnatelnou kontrolu onemocnéni pfi
soucCasné nizsi toxicité IF-RT, ¢imz polozila zaklady moderni radioterapie vyuZzivajici
mensi ozafované objemy a vyznamné pfispéla ke snizeni pozdnich nezadoucich
ucinkl 1écby. 41

Vyznamnym meznikem ve vyvoji [éCby HL byla studie GHSG HD10, ktera zahrnula
nemocné s Casnym Hodgkinovym lymfomem s pfiznivou prognézou, definovanou
absenci rizikovych faktord, mezi néz patfily B-symptomy, zvySena sedimentace
erytrocytll, postizeni tfi a vice lymfatickych oblasti, extranodalni postizeni a objemné
mediastinalni postizeni. Cilem studie bylo ovéfit, zda Ize u pacientl s pfiznivou
prognozou bezpecné snizit intenzitu kombinované |éCby, aniz by byla ohrozena jeji
ucinnost. Studie porovnavala standardni [éCbu Ctyfmi cykly rezimu ABVD
nasledovanymi radioterapii v davce 30 Gy s méné intenzivnimi 1éEebnymi postupy
vyuzivajicimi dva nebo Ctyfi cykly ABVD a radioterapii v davce 20 nebo 30 Gy.
Vysledky prokazaly, ze |éCba dvéma cykly ABVD nasledovanymi radioterapii 20 Gy
dosahuje stejné ucinnosti jako intenzivnéjsi IéCebné rezimy, pficemz je spojena s nizsi
akutni toxicitou. Studie HD10 tak jako prvni prospektivni randomizovana studie faze Il
poskytla pfesvédcivé dikazy o moznosti bezpecné deeskalace kombinované lécby u
pacientl s Casnym pfiznivym HL. Jeji vysledky vedly k pfijeti rezZimu 2x ABVD
nasledovaného radioterapii 20 Gy jako standardni IéCby této skupiny nemocnych v
Evropé a nasledné vyznamné ovlivnily i dal$i mezinarodni doporuceni.'" Studie HD10
je dnes povazovana za jednu z klicovych studii, které polozily zaklady moderni
deeskalacni strategie v 1é€bé HL a vytvofily vychodisko pro dalSi klinické studie

zaméfené na individualizaci 1éEby podle ¢asné metabolické odpovédi.

Na vysledky studie HD10 navazala studie GHSG HD11, jejimz cilem bylo optimalizovat
IéCbu pacientl s Casnym nepfiznivym HL a stanovit optimalni intenzitu chemoterapie i
davku radioterapie. Studie prokazala, ze Ctyfi cykly rezimu ABVD nasledované
radioterapii v davce 30 Gy predstavuji u€innou a bezpecnou léCebnou strategii, ktera
se stala standardem lécby této skupiny pacientd v ramci GHSG a byla prevzata do

evropskych doporuceni.?°
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DalSim vyznamnym krokem byla mezinarodni randomizovana studie faze Ill GHSG
HD14, jejimz cilem bylo ovéfit, zda lze u pacientd s ¢asnym nepfiznivym HL dale
zlepSit vysledky lé€by kratkou intenzifikaci uvodni chemoterapie. Studie porovnavala
standardni lécbu ¢tyfmi cykly ABVD nasledovanymi radioterapii s intenzifikovanym
rezimem sestavajicim ze dvou cyklu eskalovaného BEACOPP nasledovanych dvéma
cykly ABVD a naslednou radioterapii. Vysledky prokazaly, Zze kratka intenzifikace
chemoterapie vyznamné zlepSuje kontrolu onemocnéni a prodluZzuje pfeziti bez
progrese pfi pfijatelné toxicité, aniz by vedla ke zvySeni |éCebné mortality nebo vyskytu
sekundarnich malignit. Studie HD14 tak jako prvni prokazala, Ze u pacientd s asnym
nepfiznivym HL muaze kratka intenzifikace uvodni [éCby vyznamné zlepsSit dlouhodobé
léCebné vysledky. Jeji zavéry vedly ke zméné |éCebné strategie GHSG a vyznamné

ovlivnily evropska doporuceni pro lé¢bu této skupiny nemocnych.4?

DalSi vyvoj Ié€by lokalizovanych stadii HL byl spojen se zavedenim PET/CT do
hodnoceni Casné |éCebné odpovédi. Tento pfistup umoznil prejit od rozhodovani
zaloZzeného pouze na vstupnich rizikovych faktorech k individualizaci |éCby podle

metabolické odpovédi nadoru.

Jednou z prvnich studii hodnoticich tento pfistup byla britska studie RAPID, jejimz
cilem bylo ovéfit, zda Ize u pacientd s ¢asnym pfiznivym HL a negativnim PET po
uvodni chemoterapii bezpecné vynechat konsolidacni radioterapii. Studie ukazala, Ze
vynechani radioterapie je spojeno s mirné vySSim rizikem relapsu, avSak bez
prokazatelného negativniho dopadu na celkové preziti. Vysledky studie zdUraznily
nutnost individualné zvazovat pfinos snizeni pozdni toxicity oproti mirné vy$Simu riziku

relapsu

Obdobnou otazku feSila mezinarodni studie EORTC/LYSA/FIL H10, ktera hodnotila
PET-adaptovanou Ié¢bu u pacientd s ¢asnym pfiznivym i nepfiznivym HL. Studie
potvrdila, Ze vynechani radioterapie u PET-negativnich pacientl vede ke zvySeni rizika
relapsu, prestoze celkové preziti zGstava vynikajici. Vysledky studie tak podpofily
zachovani radioterapie jako standardni soucasti IéCby vétSiny pacientl s Casnymi
stadii HL 3
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Na tuto problematiku navazala studie GHSG HD16, jejimz cilem bylo ovéfit moznost
vynechani radioterapie u pacientd s ¢asnym pfiznivym HL, ktefi dosahli negativniho
PET po dvou cyklech ABVD. Studie prokazala, Ze vynechani radioterapie vede ke
zhorSeni preziti bez progrese, a potvrdila tak vyznam kombinované Ié€by i u pacient

s negativni ¢asnou metabolickou odpovédi 43

Odlisny pfistup zvolila studie GHSG HD17, ktera hodnotila pacienty s ¢asnym
nepriznivym HL léCené intenzifikovanym rezimem 2x eskalovany BEACOPP + 2x
ABVD. Cilem studie bylo ovéfit, zda Ize u nemocnych s negativnim PET po ukonceni
chemoterapie bezpecné vynechat konsolidacni radioterapii. Studie prokazala, ze u
pacientl s negativnim PET lIze radioterapii vynechat bez vyznamného zhorSeni
lé€ebnych vysledkl, coz pfedstavovalo dal§i vyznamny krok smérem k individualizaci

léCby a omezeni pozdni radiaéni toxicity.*4

SoucCasna léCebna strategie Casnych stadii HL je zalozena na kombinaci ucinné
systémové lécby, modernich radioterapeutickych technik a individualizaci I€Cby podle
Casné metabolické odpovédi hodnocené pomoci PET/CT. Vyvoj radioterapie HL
smeéfoval k postupnému zmensovani ozafovanych objem(, od EF-RT pfes IF-RT az k
modernim konceptim radioterapie postizenych uzlin (IN-RT) a postiZzenych oblasti (IS-
RT), které umozruji omezit expozici okolnich zdravych tkani pfi zachovani ucinné
lokalni kontroly onemocnéni.*> U vybranych pacient, zejména s mediastinalnim
postizenim, lze na zakladé individualniho porovnani ozafovacich plana zvazit takeé

protonovou radioterapii, ktera umozriuje snizit radiacni zatéz srdce, plic a prsni tkané.*6

Ve spolupraci s Némeckou studijni skupinou pro Hodgkintv lymfom (GHSG) jsme se
podileli na klinickém vyzkumu zaméfeném na optimalizaci |éCebnych postupu u
Casnych stadii HL. Redukce intenzity |é€by u pacientl s pfiznivou progndézou a naopak
jeji mirna intenzifikace u nemocnych s nepfiznivymi prognostickymi faktory vedly k
velmi dobrym lé¢ebnym vysledkim a pfispély k vytvoreni zakladd individualizovaného

pfistupu k IéCbé Casnych stadii HL. Detailn&jsi popis pfinasi nasledujici publikace.
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ABSTRACT

BACKGROUND
The authors’ affiliations are listed in the Whether it is possible to reduce the intensity of treatment in early (stage I or II)
appendix. Address reprint requests to  fodgokin’s lymphoma with a favorable prognosis remains unclear. We therefore con-
Dr. Engert at Kerpenerstr. 62, 50937 Kéln, d d Iti d ized trial . fi ..
Germany, or a.engert@uni-koeln.de. ucted a multicenter, randomized trial comparing four treatment groups consisting
of a combination chemotherapy regimen of two different intensities followed by

*Additional investigators in the HD10  jpyolyed-field radiation therapy at two different dose levels.
study are listed in the Supplementary

Appendix, available with the full text of METHODS

this article at NEJM.org. We randomly assigned 1370 patients with newly diagnosed early-stage Hodgkin’s lym-

N Engl ) Med 2010;363:640-52. phoma with a favorable prognosis to one of four treatment groups: four cycles of

Copyright © 2010 Massachusetts Medical Society. doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) followed by 30 Gy of
radiation therapy (group 1), four cycles of ABVD followed by 20 Gy of radiation
therapy (group 2), two cycles of ABVD followed by 30 Gy of radiation therapy (group 3),
or two cycles of ABVD followed by 20 Gy of radiation therapy (group 4). The primary
end point was freedom from treatment failure; secondary end points included effi-
cacy and toxicity of treatment.

RESULTS

The two chemotherapy regimens did not differ significantly with respect to freedom
from treatment failure (P=0.39) or overall survival (P=0.61). At 5 years, the rates of
freedom from treatment failure were 93.0% (95% confidence interval [CI], 90.5 to
94.8) with the four-cycle ABVD regimen and 91.1% (95% CI, 88.3 to 93.2) with the
two-cycle regimen. When the effects of 20-Gy and 30-Gy doses of radiation therapy
were compared, there were also no significant differences in freedom from treat-
ment failure (P=1.00) or overall survival (P=0.61). Adverse events and acute toxic
effects of treatment were most common in the patients who received four cycles of
ABVD and 30 Gy of radiation therapy (group 1).

CONCLUSIONS
In patients with early-stage Hodgkin’s lymphoma and a favorable prognosis, treat-
ment with two cycles of ABVD followed by 20 Gy of involved-field radiation therapy
is as effective as, and less toxic than, four cycles of ABVD followed by 30 Gy of in-
volved-field radiation therapy. Long-term effects of these treatments have not yet
been fully assessed. (Funded by the Deutsche Krebshilfe and the Swiss Federal
Government; ClinicalTrials.gov number, NCT00265018.)
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TREATMENT INTENSITY IN EARLY-STAGE HODGKIN’S LYMPHOMA

ADIATION THERAPY WAS THE ORIGINAL
mainstay of treatment for patients who had
early-stage Hodgkin’s lymphoma with a
favorable prognosis. With the use of such tech-
niques as extended-field radiation therapy and to-
tal lymphoid irradiation, more than 80% of pa-
tients with localized disease became long-term
survivors. However, the relapse rate with radia-
tion therapy alone ranged from 20 to 40%,*3 and
extended-field radiation therapy and total lymphoid
irradiation were associated with the occurrence
of secondary solid tumors.*® The integration of a
chemotherapy regimen consisting of doxorubicin,
bleomycin, vinblastine, and dacarbazine (ABVD)®
with radiation therapy resulted in greater efficacy
and allowed the radiation field and dose to be
reduced, leading to widespread use of the com-
bined approaches in patients with early-stage
Hodgkin’s lymphoma and a favorable progno-
sis.1%11 Four cycles of ABVD followed by 30 Gy of
involved-field radiation therapy is now regarded
as the standard of care by many groups.!**# The
use of chemotherapy alone has been considered
as a potential alternative approach but remains
controversial.>1°
Whether the number of treatment cycles and
the radiation dose can be reduced in patients with
early-stage Hodgkin’s lymphoma and a favorable
prognosis remains unclear. In an attempt to re-
duce the toxic effects of treatment while retain-
ing full control of the cancer, the German Hodg-
kin Study Group (GHSG) in 1998 initiated a
prospective, randomized, multicenter study (HD10)
in which four cycles of ABVD chemotherapy were
compared with two cycles of ABVD, and 30 Gy
of involved-field radiation therapy was compared
with 20 Gy of involved-field radiation therapy in
patients receiving either of the two chemotherapy
regimens.

METHODS

STUDY PATIENTS

We enrolled patients who had newly diagnosed
Hodgkin’s lymphoma in clinical stage I or II, as
confirmed on histologic examination, with no
clinical risk factors. Patients were eligible if they
were between 16 and 75 years of age, had not
been treated previously for Hodgkin’s lymphoma,
and were free of concurrent disease. (Details re-
garding the definitions of clinical risk factors and
full descriptions of the inclusion and exclusion
criteria are provided in the Supplementary Ap-

pendix, available with the full text of this article
at NEJM.org.)

STUDY DESIGN
HD10 was a multicenter, randomized study of
four different treatment regimens in patients with
early-stage Hodgkin’s lymphoma and a favorable
diagnosis. Patients were recruited and treated at
329 hospitals and outpatient practices in Germa-
ny, Switzerland, the Netherlands, the Czech Re-
public, and Austria. After clinical staging had been
completed and written informed consent ob-
tained, patients were registered at the GHSG cen-
tral trial office by telephone and then randomly
assigned in a 1:1:1:1 ratio to one of four treat-
ment groups: group 1 received four cycles of ABVD
followed by 30 Gy of involved-field radiation ther-
apy; group 2 received four cycles of ABVD fol-
lowed by 20 Gy of involved-field radiation thera-
py; group 3 received two cycles of ABVD followed
by 30 Gy of involved-field radiation therapy; and
group 4 received two cycles of ABVD followed by
20 Gy of involved-field radiation therapy.

Stratification factors included trial center and
prognostic factors that might influence the pri-
mary end point, such as age (<50 vs. 250 years),
systemic symptoms, supradiaphragmatic or in-
fradiaphragmatic disease, and albumin level (<4
vs. 24 g per deciliter). A 2-by-2 factorial design
was chosen: for the chemotherapy comparison, the
results in groups 1 and 2, which received four
cycles of ABVD, were pooled, as were the results
in groups 3 and 4, which received two cycles of
ABVD. Similarly, for the radiation therapy com-
parison, the results in groups 1 and 3, which re-
ceived the 30-Gy dose of involved-field radiation
therapy, were pooled and compared with the re-
sults in groups 2 and 4, which received the 20-Gy
dose of involved-field radiation therapy.

The HD10 protocol was designed by the GHSG
steering committee and approved by the ethics
committees of the participating centers. The study
was performed in accordance with the protocol.
An independent data and safety monitoring com-
mittee monitored the patients’ safety and the ef-
ficacy of treatment throughout the 5-year study
period. The GHSG central trial office was respon-
sible for data collection, data management, and
statistical analyses, as well as for internal presen-
tations of results to the GHSG chairman and par-
ticipating centers. The GHSG steering committee
and chair decided to submit the results of the fi-
nal analysis for publication. All authors contrib-
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1370 Patients underwent randomization

to group 1

346 Were assigned

(4xABVD + 30 Gy IFRT)

340 Were assigned
to group 2
(4xABVD + 20 Gy IFRT)

341 Were assigned
to group 3
(2xABVD + 30 Gy IFRT)

343 Were assigned to
group 4
(2xABVD + 20 Gy IFRT)

180 Were excluded

30 Did not have histologic
features of Hodgkin's

1190 Were included in analysis for 4-group comparison

lymphoma
133 Had wrong initial staging
16 Did not meet other inclusion

criteria
1 Withdrew before start of
therapy

298 in group 1 were
included in analysis

298 in group 2 were
included in analysis

295 in group 3 were
included in analysis

299 in group 4 were
included in analysis

1190 Were included in analysis for ABVD comparison

596 in groups 1 and 2 were included in
analysis for CT comparison (4xABVD)

594 in groups 3 and 4 were included in
analysis for CT comparison (2xABVD)

27 Withdrew before RT

1163 Were included in analysis for IFRT comparison

12 Were in group 1
6 Were in group 2
6 Were in group 3

3 Were in group 4

575 in groups 1 and 3 were included in
analysis for RT comparison (30 Gy)

588 in groups 2 and 4 were included in
analysis for RT comparison (20 Gy)

Figure 1. Numbers of Patients Randomly Assigned to Treatment Groups and Included in Analyses.
ABVD denotes doxorubicin, bleomycin, vinblastine, and dacarbazine, and IFRT involved-field radiation therapy.
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uted to the interpretation of the results and vouch
for the accuracy and completeness of the data. The
GHSG chair wrote the first draft of the manuscript
and was supported by the lead statistician. There
was no commercial involvement in this study and
no financial support from industry.

CHEMOTHERAPY
ABVD was administered on days 1 and 15 in
monthly cycles, at the following standard doses:
doxorubicin, 25 mg per square meter of body-
surface area; bleomycin, 10 mg per square meter;
vinblastine, 6 mg per square meter; and dacarba-
zine, 375 mg per square meter. If the white-cell
count was less than 2500 per cubic millimeter or

N ENGL) MED 363;7 NEJM.ORG

the platelet count was less than 80,000 per cubic
millimeter on a day when chemotherapy was sched-
uled to be administered, treatment was postponed
until normal levels were achieved. Granulocyte
colony-stimulating factor was given if clinically
indicated.

RADIATION THERAPY
Before treatment, all sites of disease were defined
and documented by the treating medical oncolo-
gist and radiation oncologist. A central panel of
experts in radiation oncology then planned in-
volved-field radiation therapy as defined in the
study protocol according to treatment group and,
if necessary, revised the initial staging. The rec-
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least intensive therapy. To detect a possible in-
fluence of prognostic factors or interactions be-
tween the effects of chemotherapy and those of
radiation therapy, multivariate Cox regression
analyses were specified in the protocol and per-
formed as sensitivity analyses on the same data
sets for comparing the two chemotherapy regi-
mens and the two radiation therapy regimens.

RESULTS

PATIENTS
From May 1998 through January 2003, a total of
1370 patients were recruited and randomly as-
signed to treatment centrally. A total of 180 pa-
tients were excluded from all analyses: 30 because
the reference histologic findings did not confirm
Hodgkin’s lymphoma, 133 because of incorrect
initial staging, 16 because they did not meet oth-
er inclusion criteria, and 1 who met the inclusion
criteria but could not subsequently be contacted
(Fig. 1).

The baseline characteristics of the study pa-
tients are shown in Table 1. No significant dif-
ferences were noted among the treatment groups
for any of the characteristics shown. The median
age of patients at randomization was 36 years
(range, 16 to 75), and 61.0% were male; 30.3%
had stage IA disease, 2.0% had stage IB, 62.0%
had stage I1A, and 5.5% had stage IIB. (Informa-
tion on stage of disease was missing for one pa-
tient in group 2.) The most frequent subtype
diagnosed by the pathology reference panel was
mixed cellularity (40.2%), and 8.1% of patients
had infradiaphragmatic disease.

The main (intention-to-treat) analysis set for
the initial chemotherapy comparison (CT1) com-
prised 1190 patients: 596 patients were randomly
assigned to four cycles of ABVD and 594 to two
cycles. Of these patients, 36 changed chemother-
apy group or had major protocol violations; che-
motherapy was not documented for 10 patients.
The per-protocol analysis set for the chemothera-
py comparison (CT2) therefore comprised 1144
patients (571 randomly assigned to four cycles of
ABVD and 573 to two cycles). The main (inten-
tion-to-treat) analysis set for the radiation ther-
apy comparison (RT1) included 1163 patients:
575 patients were randomly assigned to 30 Gy of
involved-field radiation therapy and 588 to 20 Gy
of involved-field radiation therapy. Of these pa-

tients, 33 had a change in the radiation therapy
dose or had major protocol violations; radiation
therapy documentation was missing for 17 pa-
tients. The per-protocol analysis set for the radia-
tion therapy comparison included 1113 patients
(557 in the 30-Gy groups and 556 in the 20-Gy
groups). There were more protocol violations
and group changes in the groups that received
20 Gy of involved-field radiation therapy than in
those that received 30 Gy (P=0.05). However,
since the per protocol analysis and the intention-
to-treat analysis had similar results, these im-
balances did not affect the final conclusions.

ADVERSE EVENTS

Toxicity of Treatment

Acute toxicity during chemotherapy was more fre-
quent in patients who received four cycles of
ABVD than in those who received two cycles (Ta-
ble 2). Overall, 51.7% of the patients who received
four cycles of ABVD had at least one instance of
severe toxicity (grade III or IV) as compared with
33.2% of those who received two cycles (P<0.001).
The most frequent events were hair loss (in 28.1%
of patients receiving four cycles vs. 15.2% of those
receiving two cycles) and hematologic toxic ef-
fects (24.0% vs. 15.0%). Infections were also more
common with four cycles of ABVD than with
two cycles (5.1% vs. 1.7%). Treatment-related
deaths occurred in six patients treated with four
cycles of ABVD (two died from pulmonary fi-
brosis, two from sepsis, one from pneumonia,
and one from an unspecified cause) and in one
patient treated with two cycles (from pulmonary
fibrosis).

Severe toxicity (grade III or IV) was observed
more often among the patients treated with 30 Gy
of involved-field radiation therapy than among
those who received 20 Gy (8.7% vs. 2.9%,
P<0.001).

Secondary Neoplasia

Over a median follow-up period of 7.5 years (90
months), secondary cancers were diagnosed in a
total of 55 patients (4.6%): 38 solid tumors, 15 cas-
es of non-Hodgkin’s lymphoma, and 2 cases of
acute myeloid leukemia. There were no significant
differences in the occurrence of secondary can-
cers among the four treatment groups (P=0.59),
the pooled chemotherapy groups (P=0.89), or the
pooled radiation therapy groups (P=0.34).
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Deaths

A total of 57 patients (4.8%) died during the fol-
low-up period. The most frequent causes of death
were secondary neoplasia (in 11), Hodgkin’s lym-
phoma (in 10), cardiovascular events (in 9), toxic-
ity of primary therapy (in 7), and toxicity of sal-
vage therapy (in 5, all after having received two
cycles of ABVD). No difference in mortality was
noted among the four groups or between the com-
bined chemotherapy groups and the combined
radiation therapy groups (Table 2).

DISEASE CONTROL AND SURVIVAL

Final treatment outcomes were as follows: 1150
0f 1190 patients (96.6%) had a complete remission,
8 (0.7%) had a partial remission, and 8 (0.7%) did
not have a response (2 had no change and 6 had
progression of disease during treatment). (Re-
sponse criteria are described in the Supplemen-
tary Appendix.) For 24 patients (2.0%), the treat-
ment outcome was unclear. The relapse rate was
6.0% (71 of 1190 patients). No significant differ-
ences were seen in rates of remission, progres-
sion, or relapse among the four treatment groups
or between the combined chemotherapy groups
and the combined radiation therapy groups.

The rates of freedom from treatment failure in
the whole intention-to-treat analysis set of 1190
patients were estimated to be 92.0% (95% confi-
dence interval [CI], 90.2 to 93.5) at 5 years and
87.1% (95% CI, 84.5 to 89.3) at 8 years. The over-
all survival rates for all 1190 patients were esti-
mated to be 96.8% (95% CI, 95.7 to 97.7) at 5 years
and 94.5% (95% CI, 92.8 to 95.8) at 8 years
(Table 3). For the same patients, the rate of pro-
gression-free survival was estimated to be 92.4%
(95% CI, 90.6 to 93.8) at 5 years and 87.6% (95%
CI, 85.0 to 89.7) at 8 years.

CHEMOTHERAPY COMPARISON

In the intention-to-treat analysis, the median ob-
servation time for the primary end point, freedom
from treatment failure, was identical in the two
chemotherapy groups (79 months). The rate of free-
dom from treatment failure at 5 years was 93.0%
with four cycles of ABVD (95% CI, 90.5 to 94.8)
and 91.1% with two cycles (95% CI, 88.3 to 93.2)
(Table 3). On the basis of the stratified Cox re-
gression analysis, the hazard ratio for treatment
failure with two cycles of ABVD as compared
with four cycles was 1.17 (95% CI, 0.82 to 1.67).
The 5-year estimated group difference (two cy-
cles vs. four cycles) was —1.9 percentage points

Figure 2 (facing page). Freedom from Treatment Failure
and Overall Survival.

Two pooled treatment groups were compared with re-
spect to chemotherapy regimens (groups 1 and 2 vs.
groups 3 and 4) (Panel A) and radiation therapy doses
(groups 1 and 3 vs. groups 2 and 4) (Panel B). Groups
1 and 4 were also compared (Panel C). Group differ-
ences with respect to freedom from treatment failure
and overall survival at 5 years were estimated on the
basis of Kaplan—Meier analyses, and hazard ratios were
calculated with the use of Cox regression analysis (i.e.,
the comparison of the chemotherapy groups was strati-
fied according to radiation therapy group, and vice ver-
sa). (For definitions of study end points, see the Sup-
plementary Appendix, available with the full text of this
article at NEJM.org.) Data for all patients were analyzed
on the basis of the randomly assigned treatment
groups (intention-to-treat principle). Data for overall
survival were censored on the date when the informa-
tion was last obtained; when the information lag ex-
ceeded 2 years, data on survival were obtained from
registries, whenever possible. The median observation
period for freedom from treatment failure was 79
months and that for overall survival was 91 months.
The main analysis for the chemotherapy comparison
included 1190 eligible patients who received at least

1 dose of the assigned study treatment. According to
the protocol, 27 patients whose disease progressed or
whose chemotherapy was discontinued before the start
of radiation therapy were excluded from the main analy-
sis for the radiation therapy comparison. (For methods
and results of the sensitivity analyses, see the Supple-
mentary Appendix.)

(95% CI, —5.2 to 1.4). The sensitivity analysis,
based on treatment received per protocol, showed
a 5-year estimated group difference of 2.3 per-
centage points (95% CI, 5.6 to 2.9). On the basis
of these results, the predefined 7% inferiority of
two cycles of ABVD plus radiation therapy can be
excluded for the primary end point, freedom
from treatment failure. The intention-to-treat
analysis showed no significant differences be-
tween the two chemotherapy groups for the sec-
ondary end points of overall survival (P=0.93;
hazard ratio for death, 1.02 [95% CI, 0.61 to
1.72]) and progression-free survival (P=0.28;
hazard ratio for progression, relapse, or death
from any cause, 1.22 [95% CI, 0.85 to 1.77]).

RADIATION THERAPY COMPARISON
In the intention-to-treat analysis of radiation ther-
apy, the median observation time for the primary
end point, freedom from treatment failure, was
similar in the two groups: 77 months with 20 Gy
and 80 months with 30 Gy. The rate of freedom
from treatment failure at 5 years was 93.4% (95%
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A Chemotherapy Comparison
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CI, 91.0 to 95.2) in the 30-Gy group and 92.9%
(95% CI, 90.4 to 94.8) in the 20-Gy group (Table 3).
The hazard ratio for treatment failure with 20 Gy
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as compared with 30 Gy was 1.00 (95% CI, 0.68 to
1.47). The 5-year estimated group difference (20 Gy
vs. 30 Gy) was —0.5 percentage points (95% CI,
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—3.6 to 2.6). The sensitivity analysis based on ther-
apy received showed a 5-year estimated group dif-
ference of —0.2 percentage points (95% CI, —3.3 to
2.8). Thus, the predefined 7% inferiority of che-
motherapy plus 20 Gy of radiation therapy can be
excluded for the primary end point (freedom from
treatment failure). The intention-to-treat analysis
showed no significant differences between the
radiation therapy groups for the secondary end
points of overall survival (P=0.61; hazard ratio
for death, 0.86 [95% CI, 0.49 to 1.53]) and pro-
gression-free survival (P=0.98; hazard ratio for
progression, relapse, or death from any cause, 1.01
[95% CI, 0.68 to 1.48]). Overall, the rates of free-
dom from treatment failure might appear to be
higher than those in a pure intention-to-treat
analysis, since patients who dropped out before
radiation therapy were excluded from this analy-
sis. However, this was unlikely to affect between-
group comparisons.

PRESPECIFIED REGRESSION ANALYSES
Prespecified factors included in the multivariate
model were age above 50 years (P<0.001) and in-
fradiaphragmatic disease (P=0.24), whereas male
sex (P=0.32), systemic symptoms (P=0.75), and a
low albumin level (P=0.54) were excluded. In the
multivariate model including age, infradiaphrag-
matic involvement, and randomization group, no
significant interaction was detected between the
effects of the number of chemotherapy cycles and
the radiation therapy dose.

COMPARISON OF GROUPS 1 AND 4
As shown in Figure 2, no significant difference
in the rate of freedom from treatment failure was
seen between groups 1 and 4 according to the
stratified log-rank test (P=0.79). The 5-year esti-
mate for the group difference was —1.6 percentage
points (95% CI, —6.3 to 3.1), which is better than
the noninferiority margin of =7 percentage points.

DISCUSSION

The aim of the HD10 study was to determine
whether fewer cycles of chemotherapy and lower
doses of radiation therapy could be delivered while
maintaining high rates of disease control in pa-
tients with early Hodgkin’s lymphoma and a fa-
vorable prognosis who were undergoing com-
bined-approach treatment programs. No differ-
ence in efficacy was noted between the two-cycle

ABVD regimen and the four-cycle regimen when
each was combined with involved-field radiation
therapy. This was true for the primary end point,
freedom from treatment failure at 5 years, as well
as for all other efficacy end points, such as re-
sponse, overall survival, and progression-free sur-
vival. The results were robust with longer follow-
up (8 years). No differences were seen between
the intention-to-treat and the per-protocol analy-
ses. With regard to radiation therapy, the rate of
freedom from treatment failure at 5 years was
93.4% (95% CI, 91.0 to 95.2) with 30 Gy of in-
volved-field radiation therapy and 92.9% (95% CI,
90.4 to 94.8) with 20 Gy.

The results presented here show noninferior-
ity for both fewer cycles of chemotherapy and a
lower dose of radiation, on the basis of a nonin-
feriority margin of 7 percentage points. However,
confidence intervals were rather wide for differ-
ences in freedom from treatment failure and haz-
ard ratios. Although the 5-year estimate for the
group difference between the most intensive treat-
ment and the least intensive treatment in this
study was only 1.6 percentage points, a potential
difference of 6.3 percentage points in favor of
the more intensive treatment cannot be excluded
and must be weighed against the reductions in
acute and late toxicity, lower costs of treatment,
and better quality of life associated with shorter
and less intense treatment.

One of the key objectives in the treatment of
Hodgkin’s lymphoma is to reduce the intensity of
first-line therapy as much as possible while main-
taining tumor control. This is most relevant for
early disease with a favorable prognosis, which
accounts for about 30% of all cases of Hodgkin’s
lymphoma,* since overall survival rates are com-
promised by late treatment-related mortality.*3
In the HD10 study, two cycles of ABVD as well
as 20 Gy of radiation resulted in reduced rates of
acute toxicity. Overall, 51.7% of patients treated
with four cycles of ABVD had grade III or IV tox-
icity, as compared with 33.2% of those receiving
two cycles (P<0.001). The rates of acute toxicity
(grade III or IV) were also higher among patients
treated with 30 Gy of involved-field radiation
therapy than among those receiving 20 Gy (8.7%
vs. 2.9%, P<0.001). Although there were numerical
differences between the radiation therapy groups
with respect to secondary cancers (24 [4.1%] vs.
31 [5.4%)]), these findings were not significant and
might have been due to chance. Clearly, longer
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follow-up is needed to identify differences in long-
term toxicity, such as secondary neoplasia and
severe organ damage, among different treatment
approaches. Given that many of the late, fatal com-
plications of radiation therapy do not emerge until
the second decade after treatment, our data can-
not speak to the effect of treatment on overall
survival.

Since radiation therapy is associated with the
development of secondary solid tumors 5 to 25
years after initial treatment,*® some groups ad-
vocate the use of chemotherapy alone for patients
with early-stage Hodgkin’s lymphoma. Usually, six
cycles of ABVD are given, and there has been some
controversy on this issue.’>1° For this group of
patients, combined-approach treatment programs
have provided superior tumor control when com-
pared directly with chemotherapy alone in some
studies?°2* but not in others.*>*° Currently, com-
bined-approach treatment programs are widely
used as the treatment of choice in early-stage
Hodgkin’s lymphoma, and our study suggests that
a shorter chemotherapy regimen with a lower
radiation dose preserves a high level of disease
control. With an overall survival rate of 95.1% at
8 years, some patients may still be overtreated.

However, the established clinical risk factors,
which are based on measures such as the Inter-
national Prognostic Score,?> currently do not allow
identification of patients who can be cured with
even less treatment. The use of positron-emission

tomography (PET) might help to discriminate be-
tween patients at low risk and those at high risk,
both early in the course of chemotherapy?® and
after its completion.?” The potential effect of PET
in patients with Hodgkin’s lymphoma has also
been suggested in a number of retrospective, non-
randomized studies.?8-3° Several ongoing trials
are evaluating the role of PET in identifying pa-
tients with early Hodgkin’s lymphoma and a fa-
vorable prognosis who might not need additional
radiation therapy after two cycles of ABVD (the
German Hodgkin Study Group Hodgkin Disease
16 [the current GHSG HD16] trial [ClinicalTrials
.gov number, NCT00736320]) or after three cy-
cles of ABVD (the European Organization for Re-
search and Treatment of Cancer [EORTC H10F]
trial [ClinicalTrials.gov number, NCT00433433]
and others).

In summary, the HD10 trial showed that in
patients with early-stage Hodgkin’s lymphoma and
a favorable prognosis, treatment with two cycles
of ABVD followed by 20 Gy of involved-field ra-
diation therapy is as effective as, and less toxic
than, four cycles of ABVD followed by 30 Gy of

involved-field radiation therapy.
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A B S T R A C T

Purpose

In pi))atients with early unfavorable Hodgkin's lymphoma (HL), combined modality treatment with
four cycles of ABVD (adriamycin, bleomycin, vinblastine, and dacarbazine) and 30 Gy involved-field
radiotherapy (IFRT) results in long-term tumor control of approximately 80%. We aimed to improve
these results using more intensive chemotherapy.

Patients and Methods
Patients with newly diagnosed early unfavorable HL were randomly assigned to either four cycles

of ABVD or an intensified treatment consisting of two cycles of escalated BEACOPP (bleomycin,
etoposide, adriamycin, cyclophosphamide, vincristine, procarbazine, and prednisone) followed by
two cycles of ABVD (2 + 2). Chemotherapy was followed by 30 Gy IFRT in both arms. The primary
end point was freedom from treatment failure (FFTF); secondary end points included progression-
free survival (PFS) and treatment-related toxicity.

Results

With a total of 1,528 qualified patients included, the 2 + 2 regimen demonstrated superior FFTF
compared with four cycles of ABVD (P < .001; hazard ratio, 0.44; 95% Cl, 0.30 to 0.66), with a
difference of 7.2% at 5 years (95% Cl, 3.8 to 10.5). The difference in 5-year PFS was 6.2% (95%
Cl, 3.0% t0 9.5%). There was more acute toxicity associated with 2 + 2 than with ABVD, but there
were no overall differences in treatment-related mortality or secondary malignancies.

Conclusion

Intensified chemotherapy with two cycles of BEACOPP escalated followed by two cycles of ABVD
followed by IFRT significantly improves tumor control in patients with early unfavorable HL.

J Clin Oncol 30:907-913. © 2012 by American Society of Clinical Oncology

BEACOPP escalated (BEACOPPesc) in advanced
stages,6’7 we decided to evaluate this dose-intensified
regimen in early unfavorable HL. The randomized
GHSG HD14 trial thus compared four cycles of
ABVD (standard arm) with two cycles BEACOPPesc
followed by two cycles of ABVD (2 + 2). Here we
report the final results of this trial.

To date, the standard treatment of early unfavorable
Hodgkin’s lymphoma (HL) for most cooperative
groups is combined modality treatment with four
cycles of ABVD (adriamycin, bleomycin, vinblas-
tine, and dacarbazine) and 30 Gy involved-field ra-
diotherapy (IFRT)." This results in approximately
80% long-term tumor control, which is not satisfy-
ing when compared with results in early favorable
HL.* Earlier attempts using BEACOPP (bleomycin,
etoposide, adriamycin, cyclophosphamide, vincris-
tine, procarbazine, and prednisone) in baseline
dose did not improve results, as demonstrated in the

The HD14 protocol was designed by the GHSG steering
committee and approved by the ethics committees of par-
ticipating centers (Data Supplement). An independent
data safety committee monitored patient safety and effi-

GHSG (German Hodgkin Study Group) HDI11
study.” On the basis of the high efficacy of
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cacy of treatment throughout the study period. When the
third planned interim analysis yielded a significant group
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sequential test (adjusted overall P = .0452), the trial was stopped according to
protocol. Randomization was discontinued on July 10, 2008, and the final
analysis was scheduled so that all randomly assigned patients would have been
followed for at least 1 year after final restaging.

Patients

Entry into the trial was restricted to patients with stage IA, IB, or ITA
histologically proven HL with at least one of the following risk factors: bulky
mediastinal mass (= one third maximum transverse thorax diameter); extra-
nodal involvement; erythrocyte sedimentation rate (ESR) = 50 mm/h (with-
out B symptoms) or ESR = 30 mm/h (with B symptoms); or three or more
lymph node areas involved. Patients with stage IIB disease with either of the
latter two risk factors were also included.

After initial diagnosis by the local pathologist, biopsy material was cen-
trally reviewed by at least one member of a panel of six HL pathology experts.
All patients provided written informed consent before study entry according
to the Good Clinical Practice guidelines of the International Conference on
Harmonisation and national regulations.

Study Design

Patients were recruited and treated in 407 hospitals and practices in
Germany, Switzerland, the Netherlands, the Czech Republic, and Austria.
After written informed consent and clinical staging, patients were regis-
tered at the GHSG central trial office by telephone and then randomly
assigned at an allocation ratio of 1:1 to standard arm A with four cycles of
ABVD or to the experimental arm B with 2 + 2 chemotherapy. Standard 30
Gy IFRT was administered as consolidation therapy in both arms. Stratifi-
cation factors for randomization included participating center, age,
constitutional symptoms, large mediastinal tumor or bulky disease, and
supra- or infradiaphragmatic involvement.

Study Conduct

ABVD was administered at standard doses consisting of doxorubicin 25
mg/m? (days 1 and 15), bleomycin 10 mg/m* (days 1 and 15), vinblastine 6
mg/m? (days 1 and 15), and dacarbazine 375 mg/m? (days 1 and 15), repeated
on day 29. Granulocyte colony-stimulating factor was administered if clini-
cally indicated, starting from day 7 or 21. BEACOPPesc included cyclophos-
phamide 1,250 mg/m? (day 1), doxorubicin 35 mg/m? (day 1), etoposide 200
mg/m? (days 1 to 3), procarbazine 100 mg/m? (days 1 to 7), prednisone 40
mg/m?* (days 1 to 14), vincristine 1.4 mg/m? (day 8; maximum, 2 mg), and
bleomycin 10 mg/m* (day 8), repeated on day 22. Granulocyte colony-
stimulating factor had to be administered from day 8 of each BEACOPPesc
cycle until recovery of WBC to at least 1,000/l on 3 consecutive days.
Treatment was postponed until recovery of WBC to at least 2,500/uL and
platelet count to at least 80,000/ L on the day scheduled for re-treatment. In
cases of treatment postponement of more than 2 weeks or pronounced toxicity
during treatment, dose reductions were foreseen in the trial protocol.

RT

On the basis of the initial staging, the expert RT panel provided an
individual RT plan for each patient. All patients received 30 Gy IFRT in single
fractions of 1.8 to 2.0 Gy administered five times per week.

End Points

The primary efficacy end point was freedom from treatment failure
(FFTF); secondary end points included overall survival (OS), progression-free
survival (PFS), response rates, and treatment-related toxicity.

Statistical Methods

This trial employed a two-arm parallel group design aimed at demon-
strating superiority of the 2 + 2 regimen compared with four cycles of ABVD
with respect to the primary end point of FFTF. To detect the need for early
termination, a group sequential design with five interim analyses was planned.

Assessment of Treatment Effects

The trial was analyzed using group sequential methods® " with appro-
priately adjusted Cls and P values for the primary end point of FFTF. Time-
to-event end points were compared between groups using the Kaplan-Meier
method and log-rank tests for P values as well as univariate Cox regression for
hazard ratios (HRs). To detect a possible impact of prognostic factors, pre-

8-10
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planned multivariate Cox regressions were performed as sensitivity analyses
on the same analysis sets. Outcomes and toxicity rates were analyzed using
Fisher’s exact test. Design and analysis of the trial were carried out using SAS
versions 8 to 9.2 (SAS Institute, Cary, NC) and ADDPLAN versions 3.1 to 5
(ADDPLAN, Cologne, Germany).

Analysis Sets

The full analysis set (FAS) consisted of all randomly assigned patients
with confirmed histology. According to the trial protocol, patients with
violations of major inclusion or exclusion criteria as well as withdrawals
before start of therapy had to be excluded from the primary analysis set of
qualified patients (QAS). Sensitivity analyses of efficacy end points were
carried out on the FAS as well as on the per-protocol analysis set (PAS).
Criteria to exclude patients from the PAS apart from violation of major
inclusion or exclusion criteria were change of treatment arm, early treat-
ment discontinuation, or relevant dose deviations of chemotherapy, unless
resulting from death or progression.

Patients

Between January 2003 and July 2008, 1,655 patients with histo-
logically confirmed early unfavorable HL were recruited (Fig 1). Be-
cause of insufficient documentation, 32 patients were excluded from
all analyses. Therefore, the FAS comprised 1,623 patients; 818 were
randomly assigned to arm A and 805 to arm B. Seven patients who
withdrew from the trial before starting chemotherapy and 88 patients
with major inclusion or exclusion criteria violations were excluded
from the QAS, which was the main analysis set for the arm comparison
and comprised 1,528 patients (765 in arm A; 763 in arm B). Because
they did not receive the assigned treatment, or because adherence to
protocol could not be confirmed, 97 QAS patients were excluded from
the PAS.

Demographic baseline characteristics, stage of disease, and risk
factors of patients were well balanced between treatment arms (Ap-
pendix Table Al, online only). In the QAS, 53.3% of patients were
women. The median age was 32 years (range, 18 to 60 years); 9.4%
were older than 50 years of age; 4.8% of patients had stage I disease
(2.6%1A;2.2%IB); 95.2% had stage IT disease (67.5% I1A; 27.7% IIB).
The most common risk factor was three or more involved lymph node
areas (69.7%), followed by high ESR (52.9%), large mediastinal mass
(18.7%), and extranodal involvement (8.1%). Localized infradia-
phragmatic disease was present in 5.6% of patients.

A histologic review was performed in 86.4% of patients. The
most frequent histologic subtypes were nodular sclerosis (70.3%) and
mixed cellularity (18.2%).

Dose Delivery

As defined in the study protocol (Appendix Table A2, online
only), 97.8% of evaluable QAS patients received four cycles of chem-
otherapy. In both arms, chemotherapy was administered according to
protocol in most cases, with no difference between arms (relative total
doses [+ standard deviation] were 98.8 == 4.7 and 97.6 * 4.2 in arms
A and B, respectively). Dose-intensity was also identical (0.9 = 0.1).

Safety and Adverse Event Profiles

During chemotherapy, acute toxicity (WHO grade 3 to 4; Table
1) was significantly more frequent in arm B (87.1%) as compared with
arm A (50.7%), with at least one grade 4 toxicity in 56.6% (arm B) and

JOURNAL OF CLINICAL ONCOLOGY



Downloaded from ascopubs.org by Fakultni Nemocnice Brno on August 3, 2026 from 195.178.083.128
Copyright © 2026 American Society of Clinical Oncology. All rights reserved.

Dose-Intensification in Early Unfavorable Hodgkin’s Lymphoma

Patients* randomly assigned

—

Arm A
(n=727)

| (n = 1,655) |
Arm At Arm B#
(n =835) (n = 820)
Not sufficiently (n=17) Not sufficiently (n=15)
documented documented
Full analysis set
I_ (n=1,623) _I
Violation of inclusion or (n=53) Arm A Arm B Violation of inclusion or (n=42)
exclusion criteria (n=818) (n = 805) exclusion criteria
Revision of initial staging (n=47) Revision of initial staging (n=33)
Pretreated (n=2) Pretreated (n=2)
Too old/too young (n=2) Too old/too young (n=1)
Withdrawal before start (n=2) Withdrawal before start (n=5)
of treatment Qualified patients analysis set$ of treatment
| (n=1,528) |
Arm A Arm B
(n =765) (n =763)
Adherence to protocol violated (n = 38) Adherence to protocol violated (n =59)
or not confirmed or not confirmed

Per-protocol analysis set
(n=1,431)

|

Arm B
(n=704)

Fig 1. CONSORT diagram. (*) Patients were assessed for eligibility at individual trial centers, and histology was confirmed before registration and random assignment
at the central trial office. () Arm A received four cycles of doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) plus 30 Gy involved-field radiotherapy (IFRT).
(¥) Arm B received two cycles of bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone, plus two cycles of ABVD plus 30
Gy IFRT. (8) The qualified patient analysis set is the primary analysis set according to the trial protocol.

5.9% (arm A), respectively. Four patients (0.52%) died as a result of
acute toxicity in first-line therapy; all were treated in arm B. Most
frequent toxicities were myelosuppression and hair loss in both
arms. As expected, there was more acute toxicity associated with
BEACOPPesc than with ABVD. Interestingly, there was also more
toxicity associated with ABVD when administered after two cycles of
BEACOPPesc than after two cycles of ABVD. The inclusion of non-
qualified patients in a sensitivity analysis did not lead to additional
findings on safety or feasibility (data not shown).

After a median follow-up of 43 months, 36 (2.4%) of 1,528 QAS
patients had died (Table 2). The main reasons were secondary malig-
nancies (n = 8), HL (n = 7), and toxicity of salvage therapy (n = 7).
Opverall, 32 secondary malignancies occurred in the QAS (arm A, 17
instances [2.2%]; arm B, 15 instances [2.0%]). Because of the low
number of events, there were no statistically relevant differences in the
total number of deaths or secondary neoplasms between treat-
ment arms.

Efficacy

The overall complete response/unconfirmed complete response
rate in the QAS was 95.4% (Appendix Table A3, online only), with no
arm difference (P = .6272). With a median observation time of 43
months, the reported progression/relapse rate was 5.4% overall (Table
2), with 2.5% in arm B and 8.4% in arm A. More patients in arm A
than in arm B had a second relapse (1.4% v 0.4%), but there were not
enough events to yield a significant arm difference.

As shown in Figures 2A to 2C (and Appendix Table A4, online
only), OS was 97.0% at 5 years (95% CI, 95.9% to 98.1%) and did not

www.jco.org
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differ between treatment arms (P = .7308). For the primary end point
of FFTF, superiority of arm B was established by a significant group
sequential test in the third planned interim analysis, with an adjusted
two-sided overall P value of .0451. In the final analysis, the nonad-
justed P value was < .001 (HR, 0.44; 95% CI, 0.30 to 0.66). Five-year
FFTF rates of 87.7% (95% CI, 84.8% to 90.6%) and 94.8% (95% CI,
93.1% t0 96.6%) in arms A and B, respectively, resulted in a difference
0f 7.2% (95% CI, 3.8% to 10.5%). PES was also significantly better in
arm B on the adjusted 2.5% level (HR, 0.45; 95% CI, 0.30 to 0.69;
P <.001). The difference in 5-year PFS rates was 6.2% (95% CI, 3.0%
t0 9.5%). Thus, superiority of arm B in terms of FFTF as well as PES
can be concluded. Prespecified sensitivity analyses performed on the
FAS and PAS yielded similar results (Appendix Figs A1A to AlD,
online only).

Of the 64 patients experiencing relapse or progression after four
cycles of ABVD, 12 (19%) died. Median survival time after diagnosis
of first progression or relapse was 15 months (range, 3.6 to 42.7
months). Sixteen survivors were lost to follow-up within 1 year after
diagnosis of HL progression or relapse. Thirty-six patients underwent
successful salvage therapy and had a median observation time after
first progression or relapse of 34 months (range, 12.9 to 73.4 months).
In the 2 + 2 arm, six (32%) of 19 patients died after first-line therapy
failure. Their median survival time after diagnosis of first progression
or relapse was 12 months (range, 1.2 to 22.4 months). Four survivors
were lost to follow-up within 1 year after diagnosis of HL progression
or relapse. Nine patients underwent successful salvage therapy and
had a median observation time after first progression or relapse of 38
months (range, 15.0 to 60.6 months).

© 2012 by American Society of Clinical Oncology 909
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Table 1. Acute Toxicities of Chemotherapy

Toxicity+

Treatment Arm™t

A (n = 757)

No. of Patients

%

B (n = 744)

No. of Patients

%

At least one toxicity during treatment$§
Chemotherapy cycle
1
2
3
4
At least one hematologic toxicity during treatment$
Chemotherapy cycle
1
2
3
4
Type of acute toxicity
Anemia
Thrombopenia
Leukopenia
Nausea/vomiting
Mucositis
Gl tract
Urogenital tract
Respiratory tract
Drug fever
Allergy
Heart
Hair
Infection
Skin
Pain
Nervous system

384 of 757 50.7 648 of 744 87.1
175 of 761 23.0 501 of 745 67.2
226 of 760 29.7 549 of 742 74.0
263 of 756 34.8 429 of 729 58.8
254 of 748 34.0 402 of 723 55.6
182 of 757 24.0 597 of 744 80.2
92 of 761 12.1 433 of 745 58.1
86 of 760 1.3 468 of 742 63.1
84 of 756 1.1 273 of 729 37.4
80 of 748 10.7 244 of 723 33.7
7 0.9 67 9.0
1 0.1 163 21.9
178 235 588 79.0
104 13.7 76 10.2
3 0.4 32 4.3
14 1.8 43 5.8

2 0.3 0 0
11 1.5 13 1.7
6 0.8 17 23
2 0.3 12 1.6
2 0.3 1 0.1
179 23.6 356 47.8
26 3.4 54 7.3
8 1.1 2 0.3
27 3.6 54 7.3
6 0.8 24 3.2

$Toxicity of WHO grade Il or IV only.
§P < .001.

Abbreviations: ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine; BEACOPP, bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine,
procarbazine, and prednisone; IFRT, involved-field radiotherapy.
*Of 1,528 qualified patients, 1,506 (arm A, 761; arm B, 745) were documented for acute toxicities for at least one cycle, and 1,501 (arm A, 757; arm B, 744) were
documented for acute toxicities for all cycles administered. Patients were analyzed according to arm as treated.
tArm A received four cycles of ABVD plus 30 Gy IFRT; arm B received two cycles of BEACOPP plus two cycles of ABVD plus 30 Gy IFRT.

Prognostic Factors and Subgroup Analyses

The only significant (P < .05) predictors for PES events in the
univariate regression analysis were large mediastinal mass and ele-
vated ESR. Other factors such as extranodal disease, more than two
involved regions, infradiaphragmatic disease, B symptoms, sex, and
age were not significant. In a multivariate model for PES including all
these factors as well as treatment arm, the same two risk factors and
treatment arm were significant, with estimated HRs of 2.4 (large
mediastinal mass), 2.1 (elevated ESR), and 2.3 (arm A). In posthoc
subgroup analyses of the FAS, patients with at least one of the two
significant risk factors (high-risk group [n = 1,013]; 81 failure events
for PES) were compared with patients without any of these risk factors
(low-risk group [n = 610]; 25 failure events). Five-year PFS was 94.0%
(95% CI, 91.3% to 96.7%) in the low-risk group, compared with
91.2% (95% CI, 89.3% to 93.2%) in the high-risk group. The inferi-
ority of the high-risk group was more pronounced for patients in arm
A (P =.0072) than in arm B (P = .1071), but it should be noted that
there was not enough power to detect an interaction between treat-
ment arm and risk group (Appendix Figs A2A to A2D, online only). A

910 © 2012 by American Society of Clinical Oncology
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subgroup analysis with large mediastinal mass and stage IIB as risk
factors demonstrated similar results (Appendix Figs A3A, A3B, on-
line only).

The GHSG HD14 trial compared intensified chemotherapy consisting
of two cycles of BEACOPPesc followed by two cycles of ABVD (2 + 2)
with the previous standard of four cycles of ABVD to improve tumor
control in patients with early unfavorable HL. All patients received 30
Gy IFRT after chemotherapy. The intensified 2 + 2 arm was clearly
superior in terms of FFTF and PES, despite moderately higher
acute toxicity.

In contrast to significant improvements in early favorable and
advanced stage HL,*® no significant progress has recently been re-
ported for early unfavorable HL. More aggressive regimens such as
BEACOPP baseline were evaluated, but neither the EORTC (Euro-
pean Organisation for Research and Treatment of Cancer) H9-U
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Table 2. Failure Events and Late Effects™

Treatment ArmT

A (n = 765) B (n = 763)
No. of No. of

Event/Effect Patients % Patients %

Death resulting from:+ 17 2.2 19 2.5
HL 3 4
Toxicity of study chemotherapy 0 4
Toxicity of salvage therapy 6 1
Secondary neoplasia 5 3
Suicide 1 0
Respiratory 0 2
Brain 0 1
Other disease 1 3
Unclear 1 1

Progression or first relapse$ 64 8.4 19 2.5

Progression 23 3.0 6 0.8

Early relapse 23 3.0 7 0.9

Late relapse 18 2.4 6 0.8
Second relapse] 1 3

Secondary malignancyl 17 2.2 15 2.0
AML/MDS 0 2
NHL 9 5
Solid tumor 8 8

Abbreviations: ABVD, doxorubicin, bleomycin, vinblastine, and dacarbazine;
AML, acute myeloid leukemia; BEACOPP, bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine, and prednisone; FAS, full analy-
sis set; HL, Hodgkin's lymphoma; IFRT, involved-field radiotherapy; MDS,
myelodysplastic syndrome; NHL, non-Hodgkin's lymphoma.

*Median observation time, 43 months (95% Cl, 41.5 to 43.6).

tTotal of 1,528 qualified patients were analyzed according to arm as
randomly assigned. Arm A received four cycles of ABVD plus 30 Gy IFRT; arm
B received two cycles of BEACOPP plus two cycles of ABVD plus 30 Gy IFRT.

$Four additional patients in the FAS who were not qualified died as a result
of second malignancy (n = 2) and HL (n = 2).

§P < .001.

|P = .0563.

{IThree nonqualified patients in the FAS also had a secondary neoplasm.

study'' northe GHSG HD11 trial® demonstrated better tumor control
over ABVD. According to a mathematic effective dose (ED) model'*
assessing the relative potency of individual drugs in patients with HL,
the ED of the newly developed 2 + 2 regimen was higher when
compared with that of four cycles of ABVD (17.3 v 15.0) and four
cycles of BEACOPP baseline (17.3 v 15.2)." In line with these calcu-
lations, HD14 demonstrates significantly better tumor control with
2 + 2 than with four cycles of ABVD in early unfavorable HL.

The improved efficacy of the 2 + 2 regimen comes at the price of
more acute toxicity. There was significantly more severe (WHO
grades 3 to 4) hematologic toxicity with 2 + 2 (87.1%) as compared
with four cycles of ABVD (50.7%); acute treatment-related mortality
in the 2 + 2 arm was 0.52%. The more pronounced acute toxicity of
2 + 2 is counterbalanced by fewer relapses and fewer patients with
progressive disease. Taken together, these result in a 6.2% PFS advan-
tage for 2 + 2 at 5 years. Because more than 50% of relapsed or
progressing patients in both arms underwent successful salvage ther-
apy, OS was not significantly different, despite the higher rate of
relapse/progression in arm A.

The clinical impact of this new regimen might be challenged by
putatively increased long-term toxicity of 2 + 2. However, a more
detailed analysis of the current data contradicts this view. First, the
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Fig 2. Kaplan-Meier curves for the primary (ie, qualified patients) analysis set of
the HD14 study. (A) Freedom from treatment failure (FFTF); (B) progression-free
survival (PFS); (C) overall survival (OS). Arm A received four cycles of doxorubicin,
bleomycin, vinblastine, and dacarbazine (ABVD) plus 30 Gy involved-field radio-
therapy (IFRT); arm B received two cycles of bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine, and prednisone, plus two cycles of
ABVD plus 30 Gy IFRT. Median observation time was 43 months.
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lower number of patients experiencing progression or relapse in the
2 + 2 arm (2.5% v 8.4%; P < .001) saved a significant number of
patients from additional treatment including high-dose chemothera-
py and the related acute and long-term toxicities."* Second, the higher
rate of patients experiencing progression or relapse after four cycles of
ABVD also resulted in a higher proportion of patients (1.4% v 0.4%)
experiencing second relapses, for whom treatment is often palliative.
Third, although a higher rate of long-term toxicity after 2 + 2 can be
discussed, the total number of secondary malignancies in HD14 was
similar in both arms. In addition, a recent GHSG analysis revealed no
significant differences in female fertility after four cycles of ABVD or 2
+ 2."** Taken together, these data provide the rationale for choosing 2
+ 2 as new GHSG standard for early unfavorable HL.

Large mediastinal mass and elevated ESR were adverse prognos-
tic factors in multivariate models for FFTF and PFS in the present trial.
In posthoc subgroup analyses, patients with at least one of these risk
factors had pronounced PFS inferiority in arm A in comparison with
those in arm B. Although the analyses were not powered to detect an
interaction between treatment arm and risk group, they suggest that
patients with mediastinal mass or elevated ESR particularly benefit
from the intensified chemotherapy. In future trials, these risk factors
might be used for more personalized treatment approaches in early
unfavorable HL, together with other approaches such as positron
emission tomography (PET)"” or new biomarkers.'®

The preceding GHSG HD11 study revealed that modestly inten-
sified chemotherapy with BEACOPP baseline and consolidating IFRT
with a reduced RT dose of 20 Gy resulted in outcomes similar to those
of four cycles of ABVD followed by 30 Gy IFRT.” Given the higher ED
of 2 + 2, it is reasonable to assume that patients might be spared the
additional toxicity'” of 30 Gy IFRT after 2 + 2 chemotherapy. There-
fore, the next GHSG trial for early unfavorable HL (HD17) will com-
pare a risk-stratified RT reduction as the experimental arm versus
2 + 2 plus 30 Gy IFRT as the standard arm. Because PET after
chemotherapy has been shown to discriminate low- from high-risk
HL,'® patients in the experimental arm of HD17 with negative PET
after chemotherapy will not receive RT, whereas patients with positive
PET will be treated with a reduced radiation field volume applying 30
Gy involved node RT (INRT)."”*° PET-based reduction of RT in early
stage HL has already been evaluated in the EORTC/GELA (Groupe
d’Etude des Lymphomes de ’Adulte)/ILL (Intergruppo Italiano Lin-
fomi) HI10 trial. Early unfavorable patients in the standard arm re-
ceived four cycles of ABVD followed by 30 Gy INRT, whereas patients
in the experimental arm were treated with two cycles of ABVD fol-

lowed by four cycles of ABVD for patients with negative PET and two
cycles of BEACOPPesc and 30 Gy INRT for patients with positive PET.
However, this trial was closed early because of more events in the arms
without additional RT.*' On the basis of the superior PFS of the new
2 + 2 regimen over four cycles of ABVD, we hypothesize that 2 + 2
will be a more resilient backbone for the PET-guided omission of RT
in early unfavorable HL in the HD17 trial.

In conclusion, a dose-intensification with two cycles of
BEACOPPesc followed by two cycles of ABVD results in better
tumor control with increased PFS as compared with standard
treatment with four cycles of ABVD. The increased rate of acute
toxicities in the intensified arm is overcome by fewer relapses and
less second-line toxicity. The regimen of 2 + 2 plus 30 Gy IFRT is
the new GHSG standard for patients with early unfavorable HL age
60 years or younger.
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3. Intenzifikace 1é€by pokroc€ilych stadii Hodgkinova lymfomu

Lécba pokrocilych stadii HL, definovanych podle klasifikace Ann Arbor jako klinické
stadium Ill a IV, pfipadné stadium IIB s pfitomnosti nepfiznivych rizikovych faktora,
proSla béhem poslednich desetileti také vyznamnym vyvojem. Zatimco u Casnych
stadii onemocnéni bylo hlavnim cilem postupné sniZzovani intenzity 1éEby pfi zachovani
vysoké ucinnosti, u pokroCilych stadii se IéCebné strategie dlouhodobé zamé&rovaly
pfedevSim na zvySeni pravdépodobnosti trvalého vyléCeni za cenu intenzivnéjsi
systémove |écby. V poslednich letech se vSak pozornost pfesouva také k
individualizaci 1éCby podle Casné léCebné odpovédi a k vyuziti cilenych léCiv a
imunoterapie s cilem zachovat vysokou uc€innost pfi sou€asném snizeni akutni i pozdni

toxicity. 47

Vyznamny pralom v lé¢bé pokrocilého HL pfedstavovalo zavedeni kombinované
chemoterapie MOPP (mechlorethamin, vinkristin, prokarbazin a prednison), kterou na
prelomu 60. a 70. let vyvinul Vincent T. DeVita se spolupracovniky. 4 Rezim MOPP
jako prvni prokazal, Ze i pokrocCilé diseminované stadium HL Ize u vyznamné ¢&asti
pacientu dlouhodobé vylécit systémovou chemoterapii. Pfestoze pfedstavoval zasadni
zménu v lécbé tohoto onemocnéni, jeho SirSi vyuZiti bylo limitovano vysokou akutni i
pozdni toxicitou, zejména vyraznou gonadotoxicitou a zvySenym rizikem sekundarnich
myeloidnich malignit. Snahou o zachovani vysoké ucinnosti pfi pfiznivéjSim
bezpeénostnim profilu vznikl v poloviné 70. let rezZim ABVD (doxorubicin, bleomycin,
vinblastin a dakarbazin), ktery se stal zakladem moderni 1é¢by HL.°> Randomizovana
studie Canellose a spolupracovnikl nasledné prokazala vyssi u€innost rezimu ABVD
ve srovnani s MOPP pfi sou€asné nizSim vyskytu zavaznych pozdnich nezadoucich
ucinkli, zejména sekundarnich hematologickych malignit a poruch fertility.3® Diky
pfiznivému poméru mezi ucinnosti a toxicitou se rezim ABVD stal na vice nez ftfi

desetileti mezinarodnim standardem |é¢by pokrocilého HL.

PfestozZe reZzim ABVD umoznil dosahnout dlouhodobé remise u vétSiny nemocnych, u
¢asti pacientl pretrvavalo vyznamné riziko ¢asného relapsu nebo rozvoje refrakterniho
HL. To vedlo Némeckou studijni skupinu pro Hodgkinlv lymfom (German Hodgkin
Study Group, GHSG) k vyvoji intenzifikovaného rezimu eskalovany BEACOPP
(eBEACOPP), jehoz cilem bylo zvysit protinadorovou ucinnost zejména u pacientl s
pokro¢ilym onemocnénim.*® Zasadni vyznam méla studie GHSG HD9, ktera

prokazala, ze |éCba reZzimem eskalovany BEACOPP vede ve srovnani se standardnim
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rezimem COPP/ABVD k vyznamnému zlepSeni kontroly onemocnéni i celkového
preziti.*84° Uvedend studie tak poprvé ukazala, Ze zvySeni davkové intenzity maze u
vybranych pacientl zlepSit dlouhodobé |écebné vysledky. VysSi ucinnost vSak byla
provazena podstatné vyssi hematologickou toxicitou, vy8§im vyskytem infekénich

komplikaci, sekundarnich myeloidnich malignit i gonadalniho poskozeni.

Na zavéry studie GHSG HD9 navazala studie GHSG HD15, ktera potvrdila moznost
snizeni intenzivni |éCby pokroc€ilého HL pfi zachovani dlouhodobé ucinnosti.
Prokazala, ze zkraceni léCby z osmi na Sest cykli eskalovaného BEACOPP
zachovava dlouhodobou ucinnost pfi souCasném snizeni kumulativni toxicity IéCby.
Soucasné jako prvni velka randomizovana studie systematicky vyuzila PET/CT po
ukon€eni chemoterapie k rozhodovani o indikaci konsolidaCni radioterapie
rezidualnich lozisek. Desetileté vysledky studie potvrdily vysokou ucinnost tohoto
pfistupu i jeho pfiznivy dlouhodoby bezpe&nostni profil, ¢imz byl rezim 6 cykll
eBEACOPP nasledovany PET-fizenou radioterapii potvrzen jako standard |éCby
pokrocilého HL v ramci GHSG.?'

Dal8i vyznamny posun v [éEbé pokrocilého HL pfineslo zavedeni vySetfeni PET/CT v
prubéhu lécby (interim PET/CT), které umoznilo pfizpusobit intenzitu IéCby Casné
metabolické odpovédi nadoru. Studie RATHL prokazala, Ze u pacientl s negativnim
interim PET po dvou cyklech ABVD lze bezpecné vynechat bleomycin v dalSich
cyklech 1écby, aniz by doSlo ke zhorSeni léCebnych vysledkd, pfi sou€asném
vyznamném snizeni rizika plicni toxicity.’”> Ve studii AHL2011 bylo obdobné
prokazano, ze u nemocnych s negativnim PET po uvodni intenzivni [éCbé Ize
bezpecné deeskalovat terapii z rezimu eBEACOPP na ABVD, coz vedlo ke snizeni
toxicity pfi zachovani vysoké Gcinnosti 1é¢by.?? Tyto studie polozily zaklady soucasné
PET-adaptované lécby, ktera umoznuje individualizovat intenzitu terapie podle ¢asné
léCebné odpovédi.

DalSi vyvoj 1éCebnych strategii byl spojen se zafazenim cilené 1€Eby do prvni linie.
Pfelom predstavovala studie ECHELON-1, ktera prokazala lepSi |éCebné vysledky
rezimu A+AVD, v némz byl bleomycin nahrazen brentuximab vedotinem, ve srovnani
se standardnim rezimem ABVD.?® Dlouhodobé sledovani nasledné potvrdilo nejen
pretrvavajici zlepSeni pfeziti bez progrese, ale také statisticky vyznamny pfinos v
celkovém preziti, CimzZ se rezim A+AVD stal jednou z novych terapeutickych mozZnosti

prvni linie 1é¢by pokrodilého HL.%
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Na zkuSenosti s intenzivni IéCbou navazala studie GHSG HD21, ktera hodnotila novy
rezim BrECADD, obsahujici brentuximab vedotin, jako alternativu k eskalovanému
BEACOPP. Studie prokazala, Ze pfi zachovani velmi vysoké ucinnosti Ize vyznamné
snizit akutni i pozdni toxicitu IéCby, v€etné gonadalniho poskozeni, a pfedstavuje tak

dal$i krok k optimalizaci intenzivni IéCby pokrocilého HL.?*

NejnovéjSi vyvoj léCby je spojen se zallenénim inhibitorl kontrolnich bodd imunitni
odpovédi (ICI) do prvni linie 1éCby. Studie SWOG S1826 prokazala, Ze kombinace
nivolumabu s reZimem AVD dosahuje lepSich vysledki neZ rezim brentuximab
vedotin+AVD pfi soucasné velmi pfiznivém bezpecénostnim profilu.5’ Vysledky této
studie naznacuji, Zze imunoterapie se mlze stat zakladem budouci l1éEby pokrocilého
HL v prvni linii. Vyvoj léCby pokroCilého HL v poslednich desetiletich tak odrazi
postupny pfechod od prosté eskalace intenzity chemoterapie k individualizované lé¢bé
zalozené na biologickych charakteristikach onemocnéni a hodnoceni Casné léCebné

odpovédi.

V ramci léCby pokrocilych stadii HL jsme byli GHSG pfizvani ke spolupraci na projektu,
jehoz cilem bylo ovéfit, zda zkraceni Ié€by z osmi na Sest cykll eskalovaného rezimu
BEACOPP s naslednou PET-fizenou radioterapii umozni zachovat dlouhodobou
ucinnost IéCby pfi sou€asném snizeni jeji kumulativni toxicity. Podrobnéjsi vysledky a

vyznam této I1éCebné strategie pfinaseji nasledujici publikace.
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Articles

Reduced-intensity chemotherapy and PET-guided
radiotherapy in patients with advanced stage Hodgkin’s
lymphoma (HD15 trial): a randomised, open-label, phase 3
non-inferiority trial

Andreas Engert, Heinz Haverkamp*, Carsten Kobe*, Jana Markova, Christoph Renner, Antony Ho, Josée Zijlstra, Zdenek Krdl, Michael Fuchs,
Michael Hallek, Lothar Kanz, Hartmut Déhner, Bernd Darken, Nicole Engel, Max Topp, Susanne Klutmann, Holger Amthauer, Andreas Bockisch,
Regine Kluge, Clemens Kratochwil, Otmar Schober, Richard Greil, Reinhard Andreesen, Michael Kneba, Michael Pfreundschuh, Harald Stein,
Hans Theodor Eich, Rolf-Peter Mller, Markus Dietlein, Peter Borchmann, Volker Diehl, on behalf of the German Hodgkin Study Group, the Swiss
Group for Clinical Cancer Research, and the Arbeitsgemeinschaft Medikamentdse Tumortherapiet

Summary

Background The intensity of chemotherapy and need for additional radiotherapy in patients with advanced stage
Hodgkin’s lymphoma has been unclear. We did a prospective randomised clinical trial comparing two reduced-intensity
chemotherapy variants with our previous standard regimen. Chemotherapy was followed by PET-guided radiotherapy.

Methods In this parallel group, open-label, multicentre, non-inferiority trial (HD15), 2182 patients with newly diagnosed
advanced stage Hodgkin’s lymphoma aged 18-60 years were randomly assigned to receive either eight cycles of
BEACOPP,_,.... (8xB,, group), six cycles of BEACOPP,_,.., (6xB,,. group), or eight cycles of BEACOPP,, (8xB,, group).
Randomisation (1:1:1) was done centrally by stratified minimisation. Non-inferiority of the primary endpoint, freedom
from treatment failure, was assessed using repeated CIs for the hazard ratio (HR) according to the intention-to-treat
principle. Patients with a persistent mass after chemotherapy measuring 2-5 cm or larger and positive on PET scan
received additional radiotherapy with 30 Gy; the negative predictive value for tumour recurrence of PET at 12 months
was an independent endpoint. This trial is registered with Current Controlled Trials, number ISRCTN32443041.

Findings Of the 2182 patients enrolled in the study, 2126 patients were included in the intention-to-treat analysis set,
705 in the 8xB, group, 711 in the 6xB, group, and 710 in the 8xB,, group. Freedom from treatment failure was
sequentially non-inferior for the 6xB,, and 8xB,, groups as compared with 8xB,,. 5-year freedom from treatment
failure rates were 84-4% (97-5% CI 81-0-87-7) for the 8xB,, group, 89-3% (86-5-92-1) for 6xB,,. group, and 85-4%
(82-1-88-7) for the 8xB,, group (97-5% CI for difference between 6xB,, and 8xB, was 0-5-9-3). Overall survival in
the three groups was 91-9%, 95-3%, and 94 -5% respectively, and was significantly better with 6xB,, than with 8xB,
(97-5% CI0-2-6-5). The 8xB,, group showed a higher mortality (7 - 5%) than the 6xB,, (4-6%) and 8xB,, (5 - 2%) groups,
mainly due to differences in treatment-related events (2-1%, 0-8%, and 0-8%, respectively) and secondary
malignancies (1-8%, 0-7%, and 1-1%, respectively). The negative predictive value for PET at 12 months was 94-1%
(95% CI 92-1-96-1); and 225 (11%) of 2126 patients received additional radiotherapy.

Interpretation Treatment with six cycles of BEACOPP, .., followed by PET-guided radiotherapy was more effective in
terms of freedom from treatment failure and less toxic than eight cycles of the same chemotherapy regimen. Thus,
six cycles of BEACOPP, ... should be the treatment of choice for advanced stage Hodgkin’s lymphoma. PET done
after chemotherapy can guide the need for additional radiotherapy in this setting.

Funding Deutsche Krebshilfe and the Swiss Federal Government.

Introduction number of chemotherapy cycles and radiation dose was

The introduction of multi-agent chemotherapy and
improved radiation techniques has rendered Hodgkin’s
lymphoma one of the most favourable cancers in terms
of likelihood of cure. Accordingly, the goal of most recent
clinical trials in this malignancy has been to minimise
intensity of treatment while maintaining previous levels
of tumour control, particularly in early stage disease.'?
An example is the German Hodgkin Study Group’s
(GHSG) HD10 study’ of patients with favourable limited
stage disease, which showed that reduction in both
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possible without loss of efficacy.

By contrast with the impressive cure rates in early
stages, only 65-70% of patients diagnosed with advanced
stage Hodgkin’s lymphoma are disease-free at 5 years
when treated with ABVD or similar chemotherapy.** For
more than 20 years of clinical research, attempts were
made to improve on the efficacy of ABVD in this group
of patients.”® The most promising regimens emerging
were BEACOPP__,,...”" and Stanford-V." However, results
from randomised trials in advanced Hodgkin’s lymphoma
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showed no benefit of Stanford-V over ABVD.** By
contrast, BEACOPP, ., resulted in improved tumour
control and overall survival in the GHSG HD9 study
when compared with a variant of the ABVD regimen.*"
Better tumour control as compared with ABVD was
confirmed in two randomised trials.*"

Although clearly more effective, there has been some
concern about the higher toxic effects of eight cycles of
BEACOPP,,... (8xB..) compared with ABVD. To reduce
treatment-related toxic effects for patients with advanced
stage Hodgkin’s lymphoma, the GHSG did a follow-up
study (HD15) comparing 8xB,,. with two less intensive
regimens: six cycles of BEACOPP, ... (6xB,.) or eight
cycles of a time intensified baseline-dose BEACOPP
variant given in 14-day intervals (8xB,).” The primary
objective of the trial presented here was to show non-
inferiority of tumour control for the experimental
groups. By contrast with previous studies in which
radiotherapy was applied to initial bulky and residual
disease, we assessed if radiotherapy given only to patients
with a persistent mass measuring 2-5 cm or more, and
positive on PET scan after chemotherapy, was adequate.

Methods

Study design and patients

HD15 was an unmasked, multicentre, randomised,
group-sequential, non-inferiority trial for patients with
advanced stage Hodgkin's lymphoma. Patients with
newly diagnosed, histology-proven Hodgkin’s lymphoma
in Ann-Arbor stage IIB having large mediastinal mass
(a third or more of the maximal thoracic diameter) or
extranodal lesions, and all patients in stages III and IV

were recruited and treated in 408 hospitals and practices
in Germany, the Czech Republic, Switzerland, The
Netherlands, and Austria. Other inclusion criteria
were an ECOG performance status of 2 or lower, age
18-60 years, HIV negativity, and freedom from con-
current disease. Histology done by the primary-care
pathologist was re-assessed by at least one of a panel of
six expert lymphoma pathologists. Details on inclusion,
exclusion, and response criteria and definitions of
endpoints are given in the appendix.

The trial was designed by the GHSG steering committee
and approved by the ethics committees of participating
centres. An independent data safety committee monitored
patients’” safety and efficacy of treatment throughout the
5-year study period.

Randomisation and masking

Patients were registered at the GHSG central head office
by telephone and then centrally randomly assigned at an
allocation ratio of 1:1:1 into one of the following treatment
groups: eight cycles of BEACOPP, .. (8xB.. group), six
cycles of BEACOPP., ... (6xB., group), or eight cycles of
BEACOPP,, (8xB, group). Randomisation used the
minimisation method including a random component
and was stratified according to sex, participating centre,
tumour stage (IIB or IIIA vs ITIB or 1V), age (<50 years vs
=50 years), International Prognostic Score® (IPS, <3 vs =3),
and haemoglobin (<12 vs =12 g/dL). The minimisation
algorithm was implemented in the study database with
restricted access. Neither patients, investigators nor
central head office personnel were masked to the treatment
group chosen by the allocation procedure.

| 2182 patients randomised

¢ A 4

v

728 allocated to 8xBEACOPP

escalated |

| 726 allocated to 6xBEACOPP

| 728 allocated to 8xBEACOPP,

escalated |

23 excluded 15 excluded

18 excluded

A 4

18 no Hodgkin’s lymphoma
1 no confirmed informed consent
4 changed to a parallel study
before start of treatment

13 no Hodgkin’s lymphoma
0 no confirmed informed consent
2 changed to a parallel study
before start of treatment

13 no Hodgkin's lymphoma
2 no confirmed informed consent
3 changed to a parallel study
before start of treatment

705 included in ITT analysis |

A 4

A 4

711 included in ITT analysis |

A

y

710 included in ITT analysis

149 excluded
7 violated inclusion or exclusion criteria
15 changed treatment groups
119 terminated treatment prematurely
or had a major treatment deviation
8 insufficiently documented

101 excluded
13 violated inclusion or exclusion criteria
9 changed treatment groups
73 terminated treatment prematurely
or had a major treatment deviation
6 insufficiently documented

135 excluded
10 violated inclusion or exclusion criteria
9 changed treatment groups
108 terminated treatment prematurely
or had a major treatment deviation
8 insufficiently documented

556 included in PP analysis |

A 4

| 610 included in PP analysis |

A

A

| 575 included in PP analysis

Figure 1: Trial profile
ITT=intention-to-treat. PP=per-protocol
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Procedures

BEACOPP, ... was given in 3-week intervals and
BEACOPP,, in baseline dose recycled every 2 weeks.
Treatment administration has previously been reported®”
and is described in the appendix, which includes
predefined dose reduction rules. Response was assessed
by CT scans of initially involved areas after four cycles
and after the end of chemotherapy.

Entry criteria for the PET assessment in this trial were
partial response after six to eight cycles of BEACOPP and
at least one involved nodal site of 2-5 cm or larger in the
transverse or longitudinal diameter as measured by CT.
Exclusion criteria included diabetes mellitus, elevated
fasting blood sugar level of more than 130 mg/dL, and
skeletal involvement with risk of instability.

Recommended timing of 18F-fluorodeoxyglucose PET
was at least 2 weeks after finishing the last BEACOPP
course. A multidisciplinary panel consisting of experts
from medical oncology, nuclear medicine, radiation
oncology, radiology, and statistics reviewed PET and CT
scans as well as conventional x-rays and clinical infor-
mation. This central review panel also assessed inclusion
and exclusion criteria for the PET objective and decided
on residual disease being either PET-positive or PET-
negative according to defined criteria.”*

Radiotherapy of 30 Gy was restricted to patients
who had residual disease of 2.5 cm or more after
chemotherapy and were PET-positive by central review
panel decision. Radiotherapy was centrally planned and
given in single fractions of 1-8-2-0 Gy five times weekly
to PET-positive residual lesions.

Statistical analysis
The primary objective of this study was to show non-
inferiority of two less intensive regimens with respect to
the primary efficacy endpoint, freedom from treatment
failure. Based on the HD9 trial, we assumed a 5-year
freedom from treatment failure rate of 87% for the stan-
dard arm (8xB,_); a maximum decrease of 6% in efficacy of
the study groups was considered tolerable. This resulted in
a non-inferiority margin of 1-51 for the hazard ratio (HR).
Secondary endpoints were overall survival, progression-
free survival, complete remission, and treatment-related
toxic effects. The negative predictive value of PET was an
independent endpoint in this trial. The trial was designed
in parallel groups with five interim analyses (appendix).

We analysed the results using group sequential
methods with CIs and p values for the primary endpoint
adjusted according to the Pocock design using the
repeated CI approach.” We displayed time-to-event
endpoints using the Kaplan-Meier method, and compared
between groups using log-rank tests for p values, and
univariate Cox regression for HRs. We analysed outcomes
and toxic effects rates using the Fisher’s exact test.

We calculated the negative predictive value in PET-
negative patients as the proportion of patients without
progression, relapse, or radiotherapy within 12 months
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of the panel decision. We estimated the 95% CI for the
negative predictive value using the normal approximation
to the binomial distribution.

We tested our hypotheses according to the intention-to-
treat principle and on a per-protocol analysis set

Department of Internal
Medicine I, 50924 Cologne,
Germany
a.engert@uni-koeln.de

See Online for appendix

(appendix). We considered a p value of less than
0-05 significant for single comparisons; in case of two
8xBEACOPP,_.., 6xBEACOPP_., 8xBEACOPP,,
(N=705) (N=711) (N=710)

Age (years)
Median (range) 33 (18-60) 34 (18-60) 33 (18-59)
18-19 48 (7%) 44 (6%) 41(6%)
20-29 246 (35%) 221 (31%) 248 (35%)
30-39 180 (26%) 195 (27%) 191 (27%)
40-49 141 (20%) 154 (22%) 137 (19%)
50-60 90 (13%) 97 (14%) 93 (13%)
Sex
Female 277 (39%) 280 (39%) 281 (40%)
Male 428 (61%) 431 (61%) 429 (60%)
B symptoms
A 219 (31%) 258 (36%) 226 (32%)
B 486 (69%) 453 (64%) 484 (68%)
Ann Arbor stage*
1B 118 (17%) 104 (15%) 109 (15%)
1A 153 (22%) 178 (25%) 159 (22%)
1B 192 (27%) 179 (25%) 204 (29%)
IVA 65 (9%) 78 (11%) 67 (9%)
IVB 176 (25%) 170 (24%) 171 (24%)
ECOG performance status
0 358 (51%) 369 (52%) 376 (53%)
1 316 (45%) 304 (43%) 301 (42%)
22 31(4%) 38 (5%) 33(5%)
Risk factors
Large mediastinal masst 210 (30%) 209 (29%) 212 (30%)
Extranodal involvement 136 (19%) 133 (19%) 143 (20%)
Involvement of =3 nodal areas 602 (85%) 597 (84%) 614 (86%)
High erythrocyte sedimentation ratef 463 (66%) 448 (63%) 481 (68%)
IPS (grouped)
0-1 222 (31%) 237 (33%) 223 (31%)
23 380 (54%) 367 (52%) 368 (52%)
4-7 103 (15%) 107 (15%) 119 (17%)
Reference histology (n=1829 [86%])
Nodular sclerosis cHL 359/604 (59%)  350/618 (57%)  348/607 (57%)
Mixed cellularity cHL 147/604 (24%) 168/618 (27%) 135/607 (22%)
Lymphocyte-rich cHL 15/604 (2%) 13/618 (2%) 15/607 (2%)
Lymphocyte-depleted cHL 5/604 (1%) 3/618 (<1%) 7/607 (1%)
cHL, not further specified 57/604 (9%) 66/618 (11%) 76/607 (13%)
Nodular lymphocyte predominant 21/604 (3%) 18/618 (3%) 26/607 (4%)
Hodgkin’s lymphoma

Data are number (%) or n/N (%), unless otherwise indicated. ECOG=Eastern Cooperative Oncology Group.

IPS=International Prognostic Score. cHL=classical Hodgkin's lymphoma. *Three patients reclassified as stage llA.

t21/3 of the maximum thoracic diameter as measured on chest radiography. =50 mm/h without B symptoms,

230 mm/h in case of B symptoms.

Table 1: Baseline characteristics by treatment group
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Results

2182 patients were randomly assigned to treatment
groups between Jan 28, 2003, and April 18, 2008.
44 vpatients were excluded from all analyses since
Hodgkin’s lymphoma was not confirmed by reference
histology (figure 1). Also excluded were nine patients
who became part of a different study and three who
withdrew their informed consent. Thus, the intention-to-
treat analysis set included 2126 patients (705 assigned to
the 8xB,,. group, 711 to the 6xB,, group, and 710 to the

8xBEACOPP,.., 6xBEACOPP.,. 8xBEACOPP,,
(N=705) (N=711) (N=710)

Acute toxicity (WHO grade 3 or 4)*
At least one event 658/684 (96-2%) 671/696 (96-4%) 619/693 (89-3%)
Leucopenia 613/684 (89:6%)  619/696 (88-9%) 504/693 (72:7%)
Anaemia 425/684 (62-1%) 370/696 (53-2%) 385/693 (55-6%
429/684 (62:7%)  372/696 (53-4%) 133/693 (19-2%

)

Thrombocytopenia )
632/684(92-4%)  638/696 (91-7%) 552/693 (79-7%)
)

)

Any haematological
Alopecia 3741684 (547%)  368/696 (52:9%)  369/693 (53-2%

( ( (
( ( (
( ( (
( ( (
( ( (
( ( (
( ( (
( ( (
( ( (
( ( (
( ( (
( ( (
( ( (
( ( (

Infection 169/684(247%)  155/696(223%)  143/693 (20-6% 8xB,, group). A total of 385 patients did not qualify for the
Nausea or vomiting 88/684 (129%)  77/696 (11:1%) 741693 (107%) per-protocol analysis that included 1741 patients
Mucositis 83/684 (12-1%) 73/696 (10-5%) 55/693 (7-9%) (figure 1).
Pain 90/684 (132%)  64/696 (9:2%) 56/693 (8-1%) Table 1 summarises the baseline characteristics of
Nervous system 52/684 (7-6%) 35/696 (5:0%) 88/693 (127%) patients included in this trial. The median age was 33 years
Respiratory tract 44/684 (6-4%) 26/696 (3-7%) 64/693 (9-2%) (18-60); more patients were male and B-symptoms were
Gastrointestinal tract 471684 (6:9%) 44/696 (6-3%) 41/693 (5:9%) present in two thirds of the patients. The most frequent
Drug fever 30/684 (4-4%) 28/696 (4-0%) 31/693 (4-5%) subtype diagnosed by the pathology reference panel was
Secondary neoplasia nodular sclerosis followed by mixed cellularity. Treatment
Total 33 (47%) 17 (2:4%) 22 (31%) groups were well balanced for all characteristics shown
SAML/MDS 19 (2:7%) 2(03%) 8(11%) (table 1).
NHL 8 (11%) 6 (0-8%) 5(0-7%) Overall, most patients experienced at least one WHO
Solid tumour 6 (0-9%) 9 (1:3%) 9(1:3%) toxic effect of grade 3 or 4 (table 2). Generally, patients
Causes of death in the 8xB. and 6xB,. groups experienced more
Total 53 (7-5%) 33 (4-6%) 37 (5:2%) haematological events than did those in the 8xB,, group.
Hodgkin's lymphoma 13 (1-8%) 11 (1-5%) 15 (2:1%) Leucopenia was observed in about 90% of patients in the
Treatment-related toxic effects 15 (21%) 6(0-8%) 6(0-8%) 8xB,, and 6xB__ groups, and in about 70% of patients in
Secondary neoplasia 13 (1-8%) 5(07%) 8 (1-1%) the 8xB,, group. Anaemia was documented for 57% of
Toxic effects of salvage treatment 2 (03%) 2 (03%) 1(01%) patients, with no apperent difference between groups.
Othert 6 (0-9%) 6 (0-8%) 4(0-6%) Thrombocytopenia was 2-3 times more frequent in the
Unclear 4(0-6%) 3(0-4%) 3(0-4%) 8xB,, and 6xB, groups than in the 8xB,, group. Infections

were observed in 23% (467 of 2073) of patients. Neurotoxic
effects and pulmonary toxic effects were more frequent
in the 8xB,, group than in the 8xB,, and 6xB,, groups.
So far, 72 (3-4%) of 2126 patients have had secondary
cancers (table 2), including 29 secondary acute myeloid
leukaemias/myelodysplastic syndromes (sAML/MDS),
parallel tests (8xB,. vs 6xB,. and 8xB, vs 8xB,), the 19 non-Hodgkin lymphomas, and 24 solid tumours.
significance level was 0-025. Preplanned subgroup Patients in the 8xB,. group had significantly more

Data are number (%) or n/N (%). SAML=secondary acute myeloid leukaemia. MDS=myelodysplastic syndrome.
NHL=non-Hodgkin's lymphoma. *Toxicities with an incidence of at least 3% only. tSuicide (n=3), cardiovascular (n=3),
respiratory (n=2), accident (n=2), single reasons (n=6).

Table 2: Adverse events by treatment group

esc
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analyses included sex, age, and risk groups according to
IPS (0-1; 2-3; and 4-7).

This concluding analysis of the HD15 study is based on
the fourth preplanned interim analysis. A separate
analysis on the impact of erythropoietin has been
published” without touching any of the major questions
reported here.

This trial is registered with Current Controlled Trials,
number ISRCTN32443041.

Role of the funding source

The Deutsche Krebshilfe reviewed the trial protocol for
adherence to good clinical practice. All financial
supporters had no role in study design, data collection,
data analysis, data interpretation, or writing of the report.
All authors had full access to all the data in the study and
the corresponding author had final responsibility for the
decision to submit for publication.
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secondary cancers than did those in the 6xB,. group
(p=0-02). The number of SAML/MDS was 19 with 8xB
two with 6xB,,. (p=0-0001), and eight with 8xB,,.

At a median follow-up of 48 months, 123 (6%) of
2126 patients had died (table 2); there were more deaths
in the 8xB,, group than in the 6xB,, and 8xB,, groups.
The higher mortality in the 8xB,,. group was mainly due
to differences in treatment-related events and secondary
malignancies.

1961 (92%) of 2126 patients had complete remission
with or without residual abnormalities (Fisher’s exact
test for three groups p=0-01; table 3).

5-year rates for the primary endpoint, freedom from
treatment failure, were 84-4% in the 8xB,,. group, 89-3%
in the 6xB,,. group, and 85-4% in the 8xB,, group (table 3;
figure 2A). In the primary sequential analysis, 6xB, and
8xB,, treatments were non-inferior when compared with
8xB,, with both 97-5% repeated Cls for the HR excluding

esc?
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the non-inferiority margin of 1.51 (6xB,. vs 8xB,,
0-44 to 1-02; 8xB,, vs 8xB, ., 0-62 to 1-36; appendix).
Thus, the study objective of showing non-inferiority
for freedom from treatment failure was achieved for
both experimental treatments. When 8xB,,. was directly
compared with 6xB,, freedom from treatment failure
did not significantly differ in the sequential analysis
(p=0-037) but it did significantly differ in the descriptive
non-sequential analysis (log-rank p=0-009; table 3); the
difference between 8xB,. and 8xB,, was not significant
(log-rank p=0-5; table 3). The better efficacy of 6xB,, had
been present in all three previous interim analyses. The
results were very similar for progression-free survival
(table 3). The sequential analysis was confirmed when
those patients violating inclusion or exclusion criteria
were excluded.

A post-hoc analysis of time-to-progression explored
differences in freedom from treatment failure and
progression-free survival between groups. In particular,
8xB,, treatment was less effective in inducing lasting
remissions than 6xB,. treatment (5-year time to
progression 87-7% vs 92-6%; p=0-016). The 5-year
time to progression for 8xB,. treatment was 89-9%
(figure 2B).

Overall survival in the intention-to-treat population was
significantly higher in the 6xB,,. group than in the 8xB,
group (table 3, figure 2C); whereas it did not differ
between 8B, and 8xB,, groups (table 3).

Subgroup analyses by sex, age, and IPS showed that
6xB,,. consistently outperformed 8xB,,. (data not shown).
Results for freedom from treatment failure, progression-
free survival, and overall survival were confirmed in the
supplementary per-protocol analysis with larger absolute
differences compared with the intention-to-treat analysis
(table 4). Of note, 6xB,,. was superior to 8xB,, at 5 years in
terms of freedom from treatment failure and progression-
free survival (table 4).

The central PET review panel assessed 822 (39%) of
2126 patients in the intention-to-treat set of whom
739 were qualified (AS-PET, appendix). 28 of these
patients had no documented follow-up of at least
12 months. Thus, 711 patients qualified for the assessment
of the negative predictive value of PET (AS-NPV).

In 739 qualified patients with a persistent mass
measuring 2-5 cm or more, PET was positive in 191 (26%,
49 [22%)] of 226 patients in the 8xB,, group, 74 [30%] of
249 patients in the 6B, group, and 68 [26%] of 264 patients
in the 8xB,, group). Protocol adherence was good with
540 (99%) of 548 PET-negative patients not receiving
radiotherapy and 175 (92%) of 191 PET-positive patients
receiving radiotherapy. More patients in the 6xB,. and
8xB,, groups than in the 8xB,. group had PET-positive
residues after the end of chemotherapy and therefore
received additional radiotherapy (63 [9%] of 705 patients
in the 8xB,, group vs 86 [12%)] of 711 patients in the 6xB,,
group vs 76 [11%] of 710 patients in the 8xB,, group, Fisher’s
exact test for the three groups p=0-15).
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escalated

retrospectively redefined as complete remission with residual abnormalities.

8xBEACOPP.,  6xBEACOPP,,.  8xBEACOPP,
(N=705) (N=711) (N=710)
Final response*
Complete remission with or 635 (90-1%) 670 (94-2%) 656 (92-4%)
without residual abnormalities
Partial remission 18 (2:6%) 9(13%) 14 (2-0%)
Progression 16 (2:3%) 13 (1-8%) 17 (2-4%)
No change 3(0-4%) 0 0
Unknown 33 (47%) 19 (2:7%) 23 (32%)
Survival rate
5-year freedom from 84-4(81.0t0877)  89-3(86:5t092:1) 85-4(82-1t0 887)
treatment failure
Difference from 8xBEACOPP, ...  NA 4-9(0-5t09:3) 1.1(-3-7t05-8)
Difference from 6xBEACOPP, ... NA NA -3-9(-8-2t0 0-5)
S-year progression-free survival 856 (82:3t088-9)  903(87-6t093-0) 85-8(82:4t089-2)
Difference from 8xBEACOPP, ...  NA 4.7 (0-4t0 8-9) 0-2 (-4-5t0 5-0)
Difference from 6xBEACOPP, ...  NA NA -4.5(-8:9t0-0-1)
5-year overall survival 91.9 (89-4t094-4)  953(93-4t097-2) 94-5(92:5t0 96-6)
Difference from 8xBEACOPP, ...  NA 3:3(0-2t0 6:5) 2:6 (-0-6t05-9)
Difference from 6xBEACOPP, NA NA -07(-3:5t02:1)

Data are number (%) or % (97-5% Cl). NA=not applicable. *Defined as the status of Hodgkin's lymphoma at the final
restaging after end of primary treatment including radiotherapy if given. If the patient does not have a complete
remission, no further treatment is given, and there is no progression of disease within 6 months, the final response is

Table 3: Efficacy outcomes by treatment group

24 (4-5%) of 529 PET-negative patients with a follow-up
of at least 12 months had progression or relapse within
12 months of the PET panel decision (appendix). Eight
patients received additional radiotherapy against panel
recommendation of whom seven had no recurrence in
the predefined 12 months of follow-up, but counted as
failures for the negative predictive value. Thus, there
were a total of 31 failures resulting in a negative
predictive value of 94.1% at 12 months (95% CI
92-1-96-1). This conservative calculation is above the
predefined lower threshold of 90%. Recurrence in seven
of the 24 patients with progression or relapse was
confined to residual tissue sites only, whereas the other
17 cases also had lesions outside the residual mass.
Within 12 months of follow-up, 20 (11%) of the 182 PET-
positive patients had progressive disease (n=18) or early
relapse (n=2).

Figure 3 shows progression-free survival of PET-
negative and PET-positive patients. Progression-free
survival for PET-negative or PET-positive patients was
92-6% and 86-2% at 48 months (95% CI for difference
0-9-12-0, log-rank p=0-022). Thus, a positive PET after
effective chemotherapy was associated with higher risk
of subsequent treatment failure, even though PET-
positive patients were treated with additional radiotherapy
and PET-negative patients were not. Progression-free
survival of PET-negative and PET-positive patients having
partial remission with 25 cm or larger residual disease
was also compared with that of patients in complete
remission after completing chemotherapy (figure 3).
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This analysis showed that patients in partial remission

A with a PET-negative persistent mass after chemotherapy
1.0+ 6xB, — 8xB, — 8B, | had a prognosis very similar to those in complete
0.9 - remission as measured by conventional CT (4-year

. o8 ‘ i, progression-free survival of 92-1%).

£ %77 Discussion

£ 067 The goal of the three-arm HD15 study presented
g 05 here was to reduce toxic effects of treatment while
§ 04 maintaining efficacy in patients with advanced stage
£ 03 Hodgkin’§ lymphoma. The primary endpoint in this trial,
g non-inferiority in terms of freedom from treatment
= 024 6xB...vs 8xB,. HR 0-67 (97-5% CI* 0-47-0-95); p=0-009 failure, was clearly proven for 6xB,. and 8xB,, groups
01 zzgu"uss 83XXBB ';f;%% ggéj E'l 812121,'3_5,}; pi8f§4z 3 years ahead of the planned final analysis. When freedom
0 - . "I) , : . from treatment failure was compared between 8xB_ and
0 12 24 36 48 6o 72| 6xB,, groups, it did not differ in the sequential analysis

Number at risk

8B 705 613 c49 435 307 192 g1 | but did, significantly, in the descriptive non-sequential
6xB,,. 711 644 590 471 323 209 98 | analysis. For all secondary endpoints in this trial, the
8xB,, 710 630 567 455 301 158 84

comparison significantly favoured 6xB_ treatment. Free-
B dom from treatment failure for patients receiving 8xB,,
was also non-inferior to that of those receiving 8xB

Compared with 8xBEACOPP, ... 6xB,, was associated
with less treatment-related mortality and significantly
fewer secondary cancers. Overall, 6xB.. showed better
s %77 efficacy and fewer serious toxic effects than 8xB,_.
5 o6- In the previous GHSG HD9 trial,® treatment with
g 054 8xB,, was 18% better in freedom from treatment failure
2 oa and 11% in overall survival at 10 years than an ABVD
E variant. Results from two Italian studies®* showed clear
03 advantage in tumour control but no difference in overall
02 6.8 s 8B HR 074 (97-5% CI* 0-48-1-13); p=0-11 survival when comparing ABVD with four cycles
01 8xB,vs 8xB,, HR 115 (97-5% CI* 0.78-1.68); p=0-4 BEACOPP,_,., followed either by two or four additional
. 6xBucvs 8By, HR 064 (97.5% CI" 0.43-0-97); p-0.016 cycles of BEACOPP given in baseline dose (panel).
T T T T T 1 . .
12 24 36 48 60 72 However, these studies had small patient numbers and
Number at risk were not sufficiently powered to detect differences in
8B, 705 632 566 450 320 198 83 1 val
6xB,, 711 652 596 476 326 211 99 | Overall survival.
8xB,, 710 644 581 465 308 161 84 Another direct comparison between ABVD and
c BEACOPP,_,,.. was done by the European Organisation
Lo for Research and Treatment of Cancer (EORTC) and
[ s o Groupe d’Etude des Lymphomes de 'Adulte (GELA;
097 ClinicalTrials.gov, NCT00049595). Although the final
08+ results are not available yet, it is noteworthy that both
07 groups have adopted BEACOPP, .., as the standard in
T o their independent trials for advanced stage Hodgkin’s
c lymphoma (ClinicalTrials.gov, NCT01358747). The fact
2 o5+ . : .
E > that treatment with 6xB, in the present HD15 trial was
& 047 less toxic, and more effective, than eight cycles will very
03 probably result in more frequent use of this regimen.
024 Treatment-related mortality in those patients receiving
6xB,.vs 8xB,., HR 0-60 (97-5% CI* 0-36-0-98); p=0-019 . o . .
01-] 8xB,,us 8xB. HR 068 (97-5% CI* 0-42-110); p=0-07 six cycles was less than 1% in a setting with 408 study
6xB,,.vs 8xB,, HR 0-88 (97:5% CI* 0-51-1:51); p=0-6 centres from five European countries including all levels
ot 5 2 % 18 & RN of care. This indicates that six cycles of BEACOPP, ...
Time (months)
Number at risk
8xB,.. 705 674 647 564 429 294 159 Figure 2: Kaplan-Meier estimates for chemotherapy objective
ZiBBE“ ;ié gg; Z;g ggg 32(3) g;; 1?; (A) Freedom from treatment failure. (B) Time to progression.
4 (C) Overall survival. 8xB, =8xBEACOPP,..,. 6xB, =6xBEACOPP,...
8xB,,=8xBEACOPP,,. “non-sequential Cls.
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are safe and more widely applicable. Groups having no
experience with this treatment need to follow the pre-
defined guidelines for dose reduction of BEACOPP
to avoid unnecessary toxic effects.

The role of PET-guided radiotherapy after chemotherapy
was another endpoint in the present study. Several small
non-randomised trials*? had raised interest in PET as a
possible prognostic tool in patients with Hodgkin’s
lymphoma. Currently ongoing studies randomly assigning
patients between standard treatment and PET-based
response-adapted approaches should shed more light on
this strategy. So far, however, there are very few data on
PET-guided additional radiotherapy after chemotherapy in
advanced Hodgkin’s lymphoma.” The negative predictive
value of PET in the present study data confirms the
previous interim analysis based on the first 311 patients
and shorter follow-up.” Patients who were in PET-negative
partial remission after chemotherapy had a prognosis very
similar to that of patients who were in complete remission
as measured by conventional CT. Our data suggest that
PET can indeed identify non-active Hodgkin’s lymphoma
and are thus formal proof for the introduction of PET into
the revised response assessment criteria for malignant
lymphoma in which patients in PET-negative partial
remission qualify as being in complete remission.”

Additional radiotherapy after chemotherapy in advanced
stage Hodgkin’s lymphoma is associated with higher
long-term toxic effects and its role has been a matter of
debate.” Recent studies™ suggested that only those
patients with Hodgkin’s lymphoma in advanced stages
with residual disease after chemotherapy might need
additional radiotherapy. With PET-guided assessment of
residual disease after chemotherapy, the number of
patients actually receiving additional radiotherapy after
eight cycles of BEACOPP, ., Was reduced from 71% in
the previous HD9 study to 11% in the present study. The
outcome of patients in PET-negative partial remission
was similar to those in complete remission with or
without residual abnormalities after chemotherapy,
suggesting that radiotherapy can be omitted in patients in
PET-negative partial remission without loss of efficacy.
Secondary solid tumours are at least partly associated
with radiotherapy®* so that the lower number of patients
receiving additional radiotherapy in the present trial
should result in fewer solid tumours with longer follow-
up. However, we need to be careful in extrapolating the
PET-guided approach presented here to weaker regimens
that might need more vigorous additional radiotherapy.

The present trial had some limitations: since the use
of PET-guided radiotherapy was not assessed in a
randomised fashion, we cannot distinguish between the
effects of chemotherapy and radiotherapy on tumour
control. A randomised assessment of the PET-guided
radiotherapy approach would have yielded stronger
evidence but was not pursued. Additionally, we did not
clearly show the need for additional radiotherapy since
biopsies of PET-positive tissue were not done. The rather

escalated
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escalated

Data are % (97-5% Cl). NA=not applicable.

8xBEACOPP.,.,  6xBEACOPP.,.  8xBEACOPP,
(N=556) (N=610) (N=575)

S-year freedom from treatment failure  84-9 (812t088:6)  90-8(88-1t093-6)  86:0 (82:4t0 89-6)
Difference from 8xBEACOPP....,  NA 5.9 (1:3t010-6) 11 (-41t0 6:3)
Difference from 6xBEACOPP....,  NA NA -4-8(-9-4t0-0-3)

S-year progression-free survival 853(81.7t089-0) 91.1(884t093-8) 86-4(82-8t0 90-0)
Difference from 8xBEACOPP, _,.,... NA 5.8 (1-2t0 10-4) 11(-41t0 6-2)
Difference from 6xBEACOPP...,  NA NA -47 (-92t0-0-2)

S-year overall survival 91-8 (89-0t094-6) 96-2 (94-4t098-0) 94-8 (92-6 to 97-0)
Difference from 8xBEACOPP, ...,  NA 44(11t077) 3.0 (-0-5t0 6:6)
Difference from 6xBEACOPP NA NA -1-4 (-4-2t0 1.5)

Table 4: Survival rate by treatment group (per-protocol analysis set)

100+ .
90_%
80
g
= 704
S
>
5 60
9]
& 50
<
@ 40+
<4
g 304
a
20 )
— PET-negative PR
10-] — PET-positive PR
— CR/CRu
0 T T T T T ;
0 12 24 36 48 60 72
Number at risk Time (months)
PET-negative PR 548 522 485 393 280 177 84
PET-positive PR 191 167 153 123 81 54 23
CR/CRu 881 839 753 598 405 33 110

Figure 3: Progression free survival for PET study objective

PR=partial remission at the end of chemotherapy. CR/Cru=complete remission without or with residual

abnormalities at the end of chemotherapy.

short follow-up limits the data on long-term side-effects
in this trial.

At a median follow-up of 48 months, 72 secondary
cancers (3%) were reported in this trial. This result
compares favourably with data reported for BEACOPP
in our previous HD9 and HDI12 trials** in advanced
stage Hodgkin’s lymphoma and is similar to the
3-0-3-4% previously reported for ABVD or Stanford V.*
Particularly, the induction of SAML/MDS associated
with combined modality treatment in advanced stage
Hodgkin’s lymphoma is a general concern. In the
present trial, more patients treated with 8xB,_ were
diagnosed with SAML/MDS than were those treated
with 6xB,,. or 8xB,. Although these findings must be
viewed with caution due to very small numbers, this
difference could partly relate to threshold doses,
particularly for cyclophosphamide and procarbacine.**
Here, the total overall dose for patients receiving 8xB,,.
was 10 000 mg/m?2 of cyclophosphamide and 5600 mg/m?
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Panel: Research in context

Systematic review

We searched Medline and the Cochrane Library without language restrictions up to

Sept 30, 2011, for full papers reporting randomised controlled trials, systematic reviews,
or meta-analyses in adults, with the search terms “Hodgkin*”, “lymphoma”, “advanced”,
and “chemotherapy”. We excluded papers reporting on non-Hodgkin’s lymphoma. The
search identified three meta-analyses (appendix). Of 115 publications reporting
randomised trials, 54 compared at least two chemotherapy regimens, and 29 publications

studied chemotherapy-regimens containing ABVD or BEACOPP (appendix).

Six to eight cycles of ABVD is the most frequently used chemotherapy for the treatment
of advanced stage Hodgkin's lymphoma in many countries. Within the GHSG and many
European countries, eight cycles of BEACOPP,_,., plus involved field radiotherapy of
residual tumour has become the standard treatment. A recently published randomised
trial”® confirmed better freedom from first progression with eight cycles of BEACOPP
compared with six to eight cycles of ABVD. The most recent meta-analysis similarly found
superior progression-free survival for BEACOPP,_,..... when compared with regimens
containing ABVD.” However, eight cycles of BEACOPP, ..., are more toxic and the benefit
for overall survival is still being debated.’*”

Interpretation

Inthe HD15 study presented here, we found better overall survival, superior tumour
control, and less toxicity with 6 cycles of BEACOPP, ,.....as compared with eight cycles for
treatment of advanced stage Hodgkin's lymphoma. Since the data presented here were
generated by a large number of contributing centres from all levels of care, the results of
HD15 should help reducing barriers against the use of this effective treatment in advanced
stage Hodgkin lymphoma.

of procarbacine as compared with 7500 mg/m2 and
4200 mg/m2, respectively, for 6xB,..

In summary, the present study shows that in patients
with advanced stage Hodgkin’s lymphoma, six cycles of
BEACOPP,_,.., are better than eight cycles in terms of
disease control and overall survival while being less toxic.
Additionally, the use of PET after chemotherapy allowed
restriction of additional radiotherapy to a few patients.
Due to the better outcome and tolerability, 6xB, followed
by PET-guided radiotherapy to residual disease is the new
standard-of-care for advanced-stage Hodgkin’s lymphoma
in our practice.
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Abstract

The international, randomized phase 3 HD15 trial established 6xeBEACOPP as standard therapy for patients with newly diagnosed
advanced-stage Hodgkin lymphoma (HL) within the German Hodgkin Study Group (GHSG). We performed a follow-up analysis to
assess long-term efficacy and safety of this approach. Between 2003 and 2008, 2182 patients aged 18 to 60 years were recruited
and randomized in a 1:1:1 ratio between 8 or 6 cycles of eEBEACOPP or 8 cycles of the dose-dense BEACOPP-14 regimen, each
followed by 30 Gy radiotherapy in case of positron emission tomography (PET)-positive residual lesions >2.5cm. The study aimed at
demonstrating non-inferiority regarding efficacy of the 2 experimental arms on a significance level of 2.5% each. The intention-to-treat
analysis comprised 2126 patients with a median follow-up of 102 months. Ten-year progression-free survival was 81% (97.5% Cl 77—
85) with 8xeBEACOPP, 84% (80-87) with 6xeBEACOPP, and 84% (80-87) with 8xBEACOPP-14; the non-inferiority margin of 1.51
for the hazard ratio (HR) could be excluded for both comparisons (6xeBEACOPP, HR=0.7, 97.5% CI 0.5-1.0; 8XxBEACOPP-14,
HR=0.9, 97.5% Cl 0.7-1.2). Overall survival at 10 years was 88% (85-91), 90% (88-93), and 92% (89-94), respectively. A total of
142 second malignancies corresponding to 10-year cumulative incidences of 10%, 7%, and 7% and standardized incidence ratios of
4.3, 2.5, and 2.8 were reported for 8xeBEACOPP, 6xeBEACOPP, and 8xBEACOPP-14, respectively. This updated analysis of the
HD15 trial thus confirms the efficacy and reports on the long-term safety of a shortened first-line chemotherapy consisting of
6xeBEACOPP followed by PET-guided radiotherapy in advanced-stage HL.
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Introduction

The prognosis of patients with Hodgkin lymphoma (HL) has
improved with the introduction of multiagent chemotherapy
such as MOPP (mechlorethamine, vincristine, procarbazine, and
prednisone) or ABVD (doxorubicin, bleomycin, vinblastine, and
dacarbazine), resulting in a 5-year tumor control of about 65%
and an overall survival of 75% at 5 years."* In an attempt to
further improve the prognosis of this patient cohort, the German
Hodgkin Study Group (GHSG) developed a more intensive
protocol termed escalated BEACOPP (eBEACOPP; bleomycin,
etoposide, doxorubicin, cyclophosphamide, vincristine, procar-
bazine, and prednisone in escalated dose). In the randomized
HD? trial, this regimen was compared with the GHSG standard
at that time, 8xCOPP/ABVD (cyclophosphamide, vincristine,
procarbazine, prednisone, doxorubicin, bleomycin, vinblastine,
dacarbazine), and a lower intensity BEACOPP variant termed
baseline BEACOPP (bBEACOPP). Freedom from treatment
failure (FFTF) at 5 years was 69% for COPP/ABVD, 76% for
bBEACOPP, and 87% for eBEACOPP, respectively.® Conse-
quently, 8 cycles of eBEACOPP were established as standard of
care for advanced-stage HL in the following GHSG trial HD12.*
In this trial, a dose reduction to 4 cycles of e BEACOPP followed
by 4 cycles of bBEACOPP did not result in a meaningful
reduction of treatment-associated toxicity. The subsequent
randomized phase 3 HD15 trial showed the noninferiority of
6 cycles of e BEACOPP in terms of tumor control as compared to
8 cycles of e BEACOPP, with S5-year FFTF of 89% and 84%,
respectively.’ As a consequence of HD15, the GHSG standard of
care for advanced-stage HL changed to 6 cycles of e BEACOPP
followed by positron emission tomography (PET)-guided
radiotherapy. The original report of the HD15 trial had a

Reduced-Intensity Chemotherapy in Patients With Advanced-Stage HL

median follow-up of 48 months with 2126 patients included. To
better understand the long-term outcomes and late side effects
of treatment, we performed an update analysis on HD15 with
substantially longer follow-up of 102 months.

Material and methods
Study design and patients

This open-label, multicenter, international, randomized phase 3
non-inferiority trial was conducted in more than 400 hospitals
and private practices in Germany, the Czech Republic,
Switzerland, the Netherlands, and Austria. We recruited patients
aged 18 to 60 years with newly diagnosed, histology-proven,
classical, or nodular lymphocyte-predominant HL in advanced
stages (ie, clinical stage III-IV or stage II with B symptoms and
1 or both risk factors of large mediastinal mass [>1/3 of the
maximal thoracic diameter] or extranodal lesions). All patients
provided written informed consent before study entry according
to the Good Clinical Practice guidelines of the International
Conference on Harmonisation and national regulations. The trial
was designed by the GHSG steering committee, approved by the
ethics committees of all participating countries and centers, and
registered with Current Controlled Trials (IRCTN32443041).
Patients were randomly assigned to receive either 8 cycles of
eBEACOPP, 6 cycles of e BEACOPP, or 8 cycles of the more dose-
dense BEACOPP-14 in a 1:1:1 ratio. In all 3 groups, radiotherapy
was recommended in case of lesions of at least 2.5cm in the
largest diameter with residual FDG uptake after chemotherapy.
Follow-up examinations were performed and documented at
increasing intervals after therapy completion, with computed

2182 patients randomized

728 allocated to 8xeBEACOPP 726 allocated to 6xeBEACOPP

728 allocated to 8xBEACOPP-14

56 excluded:
44 with disconfirmed Hodgkin ‘s lymphoma diagnosis

3 withdrew consent
9 changed to a parallel study before start of treatment

711 included in ITT analysis

705 included in ITT analysis

710 included in ITT analysis

a)
385 excluded :
30 violated inclusion or exclusion criteria
33 changed treatment arms

300 terminated treatment prematurely or had a major
treatment deviation
22 insufficiently documented

556 included in PP analysis 610 included in PP analysis

575 included in PP analysis

Figure 1. Trial profile. ITT is defined as the set of all patients except for those with disconfirmed diagnosis of Hodgkin lymphoma, withdrawal of consent or revision of
staging and participation in another study before start of treatment. PP contains all ITT patients without severe protocol deviation, having complete therapy
documentation or progressive disease or death during therapy. BEACOPP-14 =bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine,
and prednisone in dose-dense variant, eBEACOPP =bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone in
escalated dose, ITT =intention-to-treat, PP =per-protocol. (a) Analysis set definition based on data from final analysis.
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tomography only performed at the investigators’ discretion.
Relapse of HL or occurrence of a second malignancy was
confirmed by biopsy locally, and reports were verified by GHSG
trial physicians before database entry. Details of inclusion
criteria, procedures and statistics as well as final results of the trial
have been published.®

Statistical analysis

In order to assess long-term treatment outcome, we used
progression-free survival (PFS), defined as the time from
completion of staging until progressive disease, relapse, or death
from any cause. If none of these events had occurred, PFS was
censored at the date of last information on the disease status.
Overall survival was defined as time from completion of staging
until death from any cause, or censored at the date of last
information on the patient being alive. In cases of an information
lag of more than 1 year, information on survival status was
obtained from residents’ registration offices wherever possible.
To assess the long-term outcome of patients with progression or
relapse, within this subgroup we report second PFS, defined as
time from first progression or relapse to further relapse or death

www.hemaspherejournal.com

from any cause, or censored at the date of last information on the
disease status. Survival outcomes were analyzed according to
Kaplan-Meier and compared between treatment groups using
hazard ratios (HR) with CIs obtained from Cox regression
models, whereby models for PFS and overall survival were
adjusted for the stratification factors age (<50 years vs >50 years),
sex, Ann Arbor stage (IIB or IIIA vs IIIB or IV), international
prognostic score (IPS, <3 vs >3) and hemoglobin level (>12 vs
<12g/dL). Cumulative incidences of second malignancies were
estimated according to Kaplan-Meier accounting for death as a
competing risk, and compared between treatment groups using
subdistribution Hazard Ratios (sHR) and Cls obtained from Cox
regression models. We estimated standardized incidence ratios
(SIR) for second malignancies by dividing observed by expected
event numbers with respect to age- and sex-specific reference values
for the German population,® taking into account the observed
person years in each sex/age group throughout the total study and
follow-up period. Standardized mortality ratios (SMR) were
estimated accordingly.” In addition, we restricted mortality
analyses to the long-term follow-up period starting 5 years after
first diagnosis (SMRjongrerm), including only patients having
survived and being observed for at least 5 years. Patient

Baseline Characteristics of the Intention-to-Treat Set

8xeBEACOPP (N =705)

6xeBEACOPP (N=711)

8XBEACOPP-14 (N=710) Total (N=2126)

Age
Median (range) 33 (18-60)
Sex
Female 277 (39%)
Male 428 (61%)
Ann Arbor stage
A" 1 (<1%)
IIB 118 (17%)
A 153 (22%)
B 192 (27%)
IVA 65 (9%)
VB 176 (25%)
GHSG risk factors
Large mediastinal mass 210 (30%)
Extranodal involvement 136 (19%)
Involvement of 3 or more nodal areas 602 (85%)
Elevated erythrocyte sedimentation rate 463 (66%)
ECOG performance status
0 358 (51%)
1 316 (45%)
2 30 (4%)
3 1 (<1%)
IPS
0-1 222 (31%)
2-3 380 (54%)
4-7 103 (15%)

Histologic subtype

Nodular sclerosis cHL 367/614 (60%)
Mixed cellularity cHL 147/614 (24%)
Lymphocyte-rich cHL 15/614 (2%)
Lymphocyte-depleted cHL 5/614 (1%)
cHL, not further specified 59/614 (10%)
Nodular lymphocyte predominant HL 21/614 (3%)

34 (18-60) 33 (18-60) 33 (18-60)
280 (39%) 281 (40%) 838 (39%)
431 (61%) 429 (60%) 1288 (61%)

2 (<1%) 0 3 (<1%)

104 (15%) 109 (15%) 331 (16%)
178 (25%) 159 (22%) 490 (23%)
179( 5%) 204( 9%) 575 (27%)

78 (11%) 67 (9%) 210 (10%)

170 (24%) 171 (24%) 517 (24%)
209 (29%) 212 (30%) 631 (30%)
133 (19%) 143 (20%) 412 (19%)
597 (84%) 614 (87%) 1813 (85%)
448 (63%) 481 (68%) 1392 (65%)

369 (52%) 376 (53%) 1103 (52%)
304 (43%) 301 (42%) 921 (43%)
37 (5%) 33 (5%) 100 (5%)

1 (<1%) 0 2 (<1%)

237 (33%) 223 (31%) 682 (32%)
367 (52%) 368 (52%) 1115 (52%)
107 (15%) 119 (17%) 329 (15%)

356/628 (57%) 353/616 (57%) 1076/1858 (58%)
170/628 (27%) 138/616 (22%) 455/1858 (24%)
13/628 (2%) 16/616 (3%) 44/1858 (2%)
3/628 (<1%) 7/616 (1%) 15/1858 (1%)
67/628 (11%) 76/616 (12%) 202/1858 (11%)
19/628 (3%) 26/616 (4%) 66/1858 (4%)

Data are n (%) or n/total (%), unless otherwise indicated.

eBEACOPP =hleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone in escalated dose. BEACOPP-14 =bleomycin, etoposide, doxorubicin, cyclophosphamide,
vincristine, procarbazine, and prednisone in dose-dense variant. GHSG = German Hodgkin Study Group. ECOG =Eastern Cooperative Oncology Group. IPS=International Prognostic Score. cHL =classical

Hodgkln lymphoma.
“Violation of inclusion criteria detected after study entry.
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characteristics were analyzed descriptively. All analyses were
performed according to the intention-to-treat (ITT) principle and
on a per-protocol analysis set, which was based on data from the
final analysis. The significance level was set to 5% for single
comparisons and adjusted to 2.5% in case of 2 parallel tests
(8xeBEACOPP vs 6xeBEACOPP and 8xeBEACOPP vs 8xBEA-
COPP-14). We used SAS version 9.4 (SAS Institute Inc., Cary, NC,
USA) for all analyses.

Results

Out of 2182 patients enrolled between January 28, 2003 and
April 18,2008, 56 were excluded from the ITT analysis due to
disconfirmation of their HL diagnosis (n=44), withdrawal of
consent (n=3) or revision of staging and participation in another
study before start of treatment (n=9), resulting in 2126 patients
finally analyzed (Fig. 1). Baseline characteristics are presented in

Reduced-Intensity Chemotherapy in Patients With Advanced-Stage HL

Table 1 and were similar between randomized treatment groups.
The median age was 33 years (range 18-60), 61% were male, and
84% had stage III or IV disease.

Among 1987 patients who were alive at the time of the last
analysis published in 2012, updated follow-up information was
available for 89%. The last information was obtained from
residents’ registries in 17% of patients. Median follow-up was
112 months for survival and 102 months for disease status,
respectively, and did not differ between trial arms.

With 10-year PFS estimates of 81% (97.5% CI 77%-85%),
84% (80%-87%), and 84% (80%-87%) for 8xeBEACOPP,
6xeBEACOPP, and 8xBEACOPP-14, respectively, noninferiority
of both experimental treatment regimens could be confirmed with
longer follow-up (Fig. 2A): the HR and respective 97.5% CI were
0.7 (0.5-1.01) for 6xeBEACOPP and 0.9 (0.7-1.2) for
8xBEACOPP-14, respectively, versus 8xeBEACOPP, and both
excluded the noninferiority margin of 1.51. In the per-protocol

P 0.6
= 0.5
e - 10-year estimate [97.5%-Cl] HR [97.5%-CI]? HR [97.5%-Cl] 2
o
047 vs. 8xeBEACOPP  vs. 6xeBEACOPP
0.3 ] 8xeBEACOPP 80.9% [77.3% to 84.6%]
02 6xeBEACOPP 83.7% [79.9% to 87.4%] 0.7 [0.5to0 1.01]
0.1
0.0 Median observation time 102 months
T T T T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 132 144
Time [months]
number at risk
705 634 594 559 538 496 436 386 323 268 195 119 64
711 658 620 589 559 515 456 391 332 271 187 112 66
A 710 653 608 575 525 478 431 375 321 256 174 106 54
1.0 B
Tl o,
o] == ——
0.8
o 074
[
© 0.6
2
E 0.5
7] 10-year estimate [97.5%-Cl] HR [97.5%-Cl] 2 HR [97.5%-ClI] 2
£ 044 vs. 8xeBEACOPP  vs. 6xeBEACOPP
3 0.3 -] 8xeBEACOPP 87.6% [84.6% to 90.6%]
02 ] 6xeBEACOPP 90.4% [87.5% to 93.2%] 0.7 [0.5 to 0.999]
0.1
0.0 Median observation time 112 months

0 12 24 36 48 60

T T T T
72 84 96 108 120 132 144

Time [months]

number at risk

705 676 660 646 627 598
B 71 691 685 671 660 640

710 693 682 671 651 616

560 500 427 347 249 145 69
601 545 450 357 247 146 79
583 519 443 350 240 148 70

Figure 2. Kaplan-Meier estimates for the intention-to-treat set. (A) Progression-free survival. (B) Overall survival. BEACOPP-14 =bleomycin, etoposide,
doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone in dose-dense variant, eBEACOPP =bleomycin, etoposide, doxorubicin,

cyclophosphamide, vincristine, procarbazine, and prednisone in escalated dose,

HR =hazard ratio, PFS =progression-free survival. (a) Hazard ratios adjusted

for stratification factors age, sex, Ann Arbor stage, international prognostic score and hemoglobin level.
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0.8 4

0.7

0.6

0.5

PFS rate

10-year estimate [97.5%-Cl] ~ HR[97.5%-CI]?  HR [97.5%-CI]?
0.4 4 vs. 8xeBEACOPP  vs. 6xeBEACOPP
0.3 8xeBEACOPP 79.9% [75.7% to 84.1%]
02| 6xeBEACOPP 85.1% [81.1% to 89.0%] 0.7[0.5t00.9]
0.1+
0.0 Median observation time 103 months
T T T T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 132 144
Time [months]
number at risk
556 505 472 447 430 396 348 307 256 209 151 102 52
610 569 538 515 493 454 401 342 292 237 167 99 58
A 575 533 495 468 429 390 354 309 264 211 145 89 a7
10 t\_
09
0.8 4
o 07
g
T 06-
2
E 0.5
@ 10-year estimate [97.5%-Cl] ~ HR[97.5%-CI]?  HR [97.5%-CI]?)
£ 044 vs. 8xeBEACOPP  vs. 6xeBEACOPP
8 03 8xeBEACOPP 87.2% [83.7% to 90.7%]
02 6xeBEACOPP 91.9% [89.0% to 94.8%] 0.6[0.4t00.9]
0.1
0.0 Median observation time 113 months
T T T T T T T T T T T T T
0 12 24 3% 48 60 72 84 96 108 120 132 144
Time [months]
number at risk
556 533 521 511 497 475 445 400 343 273 191 124 56
B 610 595 591 580 573 558 524 479 395 314 222 131 70
575 563 554 547 532 505 482 429 365 292 201 123 59

Figure 3. Kaplan-Meier estimates for the per-protocol set. (A) Progression-
free survival. (B) Overall survival. BEACOPP-14=bleomycin, etoposide,
doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone
in dose-dense variant, eBEACOPP =bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine, and prednisone in escalated
dose, HR=hazard ratio, PFS=progression-free survival. (@) Hazard ratios
adjusted for stratification factors age, sex, Ann Arbor stage, international
prognostic score and hemoglobin level.

analysis comprising 1741 patients (Fig. 3A), 6xeBEACOPP
proved to be significantly superior to 8xeBEACOPP, with a HR

www.hemaspherejournal.com

of 0.7 (97.5% CI 0.5-0.9). PES according to response to
chemotherapy is displayed in Figure 4; 10-year estimates were
85% for those with complete remission, 88% for those with
partial remission including residues of at least 2.5cm in the
largest diameter and a negative PET, and 85% for those receiving
consolidating radiotherapy due to partial remission including
residues of at least 2.5cm in the largest diameter and a positive
PET.

Among 209 patients with progression or relapse (Table 2),
second PFS at 5 years was 54% (95% CI 47%-61%, Fig. 5),
without differences between treatment groups (data not shown).
With a median follow-up of 87 months after first progression or
relapse, 84 (40%) of these patients died, including 51 deaths
attributed to HL and 9 to toxicity of salvage therapy.

In total, 202 patients died within the follow-up period
(Table 2). The SMR ranged from 4.5 (6xeBEACOPP) to 7.1
(8xeBEACOPP) and thus indicates an increased risk of death with
respect to age- and sex-specific German reference data among all
groups.” When restricting the analysis to the long-term follow-up
period starting 5 years after initial diagnosis, the most frequent
cause of death was second malignancy (34 of 72 events), while at
the time of the final analysis, most deaths had been attributed to
HL. SMRong-term, ranging from 3.2 to 4.0 (Table 2), was lower
compared with the total study period, but still significantly
elevated compared to the reference data.

Ten-year estimates for overall survival were 88% (97.5% CI
85%-91%), 90% (88%-93%), and 92% (89%-94%) with
8xeBEACOPP, 6xeBEACOPP and 8xBEACOPP-14, respective-
ly, with a significant superiority of 6xeBEACOPP over
8xeBEACOPP (HR 0.7, 97.5% CI 0.5-0.999, P=0.0245) and
a trend toward superiority of 8xBEACOPP-14 over 8xeBEA-
COPP (HR 0.7, 97.5% CI 0.5 to 1.04, P=0.05, Fig. 2B; per-
protocol analysis: Fig. 3B).

A total of 142 patients were diagnosed with a second
malignancy within the observed follow-up period (Table 2),
including 40 patients with therapy-related acute myeloid
leukemia or myelodysplastic syndrome (MDS), 3 with acute
lymphoblastic leukemia (ALL), 29 with non-Hodgkin lymphoma

1.0 _‘E_“
0.9 -

0.8

0.7

0.6

0.5

PFS rate

0.4 10-year estimate [95%-Cl]

0.3 ] Complete remission
0.2 ] PET-negative partial remission

0.1

0.0 -] Median observation time 102 months

85.2% [82.4% to 87.9%]
88.1% [85.0% to 91.2%]

HR [95%-Cl]

0.8 0.6 to 1.1]

0 12 24 36 48 60

T T T
72 84 96 108 120 132 144

Time [months]

number at risk

884 848 798 749 702 641
548 526 495 470 445 407
191 171 162 157 149 139

560 494 415 333 229 133 7
373 326 281 234 169 111 71
126 114 95 77 56 35 16

Figure 4. Progression-free survival by outcome after chemotherapy. Analysis includes patients with complete remission after chemotherapy and those with a
partial remission, residual lesions of at least 2.5cm in the largest diameter and centrally reviewed PET available. Radiotherapy was recommended in case of a

positive PET scan. HR=hazard ratio, PFS = progression-free survival.
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Long-Term Outcomes of the Intention-to-Treat Set

8xeBEACOPP (N =705)

6xeBEACOPP (N=711) 8XBEACOPP-14 (N=710) Total (N=2126)

Observation time

Observation time for disease status, median 104 months

Observation time for survival status, median 113 months
Tumor events

Progression 25 (4%)

Early relapse (within 1 year after end of treatment) 15 (2%)

Late relapse 32 (5%)

Any tumor event 72 (10%)
Causes of death

Second malignancy 24 (3%)

HL 17 (2%)

Toxicity of study treatment 15 (2%)

Toxicity of salvage therapy 5 (1%)

Other disease” 10 (1%)

Accident or suicide 1 (<1%)

Unclear 11 2%)

Any event 83 (12%)

SMR (95% Cl) 7.1 (6.6-8.7)

SMRigng-term (95% Cl) 4.0 (2.6-5.9)
Second malignancies

Leukemia or myelodysplastic syndrome 28 (4%)

Non-Hodgkin lymphoma 9 (1%)

Solid tumor 22 (3%)

Any malignancy 59 (8%)

SIR (95% Cl) 4.3 (3.2-5.5)

102 months 101 months 102 months
112 months 112 months 112 months
18 (3%) 20 (3%) 63 (3%)
16 (2%) 19 (3%) 50 (2%)
24 (3%) 40 (6%) 96 (5%)
58 (8%) 9 (11%) 209 (10%)
16 (2%) 19 (3%) 59 (3%)
16 (2%) 18 (3%) 51 (2%)
6 (1%) 7 (1%) 28 (1%)
2 (<1%) 2 (<1%) 9 (<1%)
8 (1%) 4 (1%) 22 (1%)
3 (<1%) 2 (<1%) 6 (<1%)
8 (1%) 8 (1%) 27 (1%)
59 (8%) 60 (8%) 202 (10%)
4.5 (3.4-5.8) 5.0 (3.8-6.5) 5.5 (4.8-6.3)
3.2 (2.0-4.7) 3.3 (2.1-5.0) 3.5 (2.7-4.4)
3 (<1%) 12 (2%) 43 (2%)
13 (2%) 7 (1%) 29 (1%)
26 (4%) 23 (3%) 71 (3%)
42 (6%) 417 (6%) 142 (7%)
2.5 (1.8-3.4) 2.8 (2.0-3.8) 3.2 (2.7-3.7)

Data are median or n (%) unless otherwise indicated. eBEACOPP =bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone in escalated dose.
BEACOPP-14 = bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone in dose-dense variant. SMR = Standardized mortality ratio. SIR = Standardized incidence ratio.
Including cardiovascular disease (n=5), pulmonary disease (n=>5), non-therapy-related infection (n=4), liver disease (n=1), brain disease (n=1), alcohol abuse (n=1) and unknown disease (n=5).

TIncluding 1 patient diagnosed with secondary leukemia and solid tumor.

(NHL) and 71 with solid tumors (1 patient was diagnosed with
secondary acute myeloid leukemia and then had a solid tumor).
Of the 75 solid tumors diagnosed (4 patients had multiple
tumors), most were in the lung (n=20), digestive organs (n=17),
and skin (n=14). Patients diagnosed with a second malignancy
were significantly older compared with those without a second
cancer diagnosis; the median age at study entry was 48 and
32 years, respectively (P<0.001). The SIR ranged from 2.5
(6xeBEACOPP) to 4.3 (8xeBEACOPP) and was significantly
elevated with respect to age- and sex-specific German reference
data in all 3 groups (Table 2). In total, 59 of the 142 affected

0.9

0.8

0.7

0.6

0.5

0.4

Second PFS rate

0.3
0.2

0.1 5-year estimate [95%-Cl]: 54.1% [47.0% to 61.3%]

0.0 Median observation time ater first progression or relapse: 87 months

0 12 24 36 48 60 72 84 96

Time [months]
number at risk
209 163 134 114 104 88 67 55 41

Figure 5. Second PFS for patients with progression or relapse. PFS=
progression-free survival.

patients (42%) died from their malignancy, with the highest
proportion among those diagnosed with secondary leukemia or
MDS (26 of 43 patients, 60%). Cumulative incidences of second
malignancies after 10 years were 10% (97.5% CI7%-13%), 7%
(4%-9%), and 7% (4%-10%) with 8xeBEACOPP, 6xeBEA-
COPP and 8xBEACOPP-14, respectively, suggesting a possible
trend toward higher incidence in the standard arm (Fig. 6A).
Particularly, there were significantly more cases of secondary
leukemia or MDS after treatment with 8xeBEACOPP, with 10-
year cumulative incidences of 5% (97.5% CI3%~7%), 1% (0%—
1%), and 2% (1%—-4%), respectively (Fig. 6B). There were also
no differences between treatment arms regarding the occurrence
of NHL or solid tumors (Table 2). There were also no differences
regarding the occurrence of second malignancies between those
225 patients receiving consolidating radiotherapy and those
1901 patients who did not (Fig. 6C). Of the 3 solid tumors that
occurred in patients who had received radiotherapy within our
trial, only 1 was located within the radiotherapy field.

Discussion

The prospective randomized HD135 trial enrolled a total of 2182
patients with advanced-stage HL from 5 European countries
and is the largest trial performed in this malignancy so far. With
10-year overall survival estimates of 88% and 90%, respectively,
a significant benefit of 6xeBEACOPP over 8xeBEACOPP
was detected. In addition, there were more cases of secondary
leukemia/MDS with 10-year cumulative incidences of 5% with
8xeBEACOPP and 1% with 6xeBEACOPP, respectively; the
proportion of patients diagnosed with solid tumors was 3%.
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Figure 6. Cumulative incidence of second malignancies accounting for death as a competing risk. (A) Cumulative incidence of any second malignancy by treatment
arm. (B) Cumulative incidence of secondary leukemia and myelodysplastic syndrome by treatment arm. (C) Cumulative incidence of any second malignancy by
radiotherapy group (radiotherapy was recommended in case of partial remission including residual lesions of at least 2.5cm in the largest diameter and a positive
PET after chemotherapy). BEACOPP-14 =bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone in dose-dense
variant, CIF =cumulative incidence function, eBEACOPP =bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone in
escalated dose, MDS =myelodysplastic syndrome, sHR = subdistribution hazard ratio.

The key objective in the treatment of HL, particularly
regarding the first line of therapy, is to find the optimal balance
between tumor control and treatment intensity. The HD1S5 trial
can serve as an example, showing that 6 cycles of eBEACOPP are
at least equally effective and at the same time less toxic as
compared to the prior standard of 8 cycles.® Following HD15, 6
cycles of eBEACOPP became the new standard in advanced-stage
HL. In addition, radiation could be confined to PET-positive
residues measuring 2.5 cm or more. The favorable long-term PFS
of patients with a PET-negative partial remission after chemo-
therapy demonstrated in the current update supports this PET-
guided radiation strategy.

More recently, PET in advanced-stage HL has been used to
discriminate low-risk from high-risk patients.® The UK RATHL
trial showed that after 2 cycles of ABVD, PET-negative HL
patients can be safely spared from additional bleomycin.” The
GHSG was also able to further reduce the intensity of treatment
in advanced-stage HL: The randomized phase 3 HD18 trial
demonstrated that patients with a negative PET after 2 cycles of
eBEACOPP need only 2 more cycles, rendering 4 cycles of
eBEACOPP the new standard of care in early-responding
patients.'® Thus, treatment with 6xeBEACOPP as established
in the HD135 trial are still considered standard of care in patients
with advanced-stage HL and a positive PET after 2 cycles of
eBEACOPP."!

With an intensified front-line treatment particularly in
advanced-stage patients, the number of relapses has been
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substantially reduced over time.**'®!!" Long-term follow-up
reports in HL are rare but particularly relevant in order to better
understand risk factors for late relapses and how to better avoid
long-term toxicity in this group of young cancer patients. As far
as long-term results are concerned, only smaller case series with
rather few patients who relapsed after 5 years in remission have
been reported to date.'*™** The GHSG retrospectively analyzed
patients included in the HD7 to HD12 trials with a median
observation period of 10 years.!>'® Patients who experienced a
relapse after more than 5 years in remission were compared with
those in continued remission for more than 5 years. From a total
of 4953 patients who had achieved CR after first-line treatment
and were relapse-free for at least 5 years, 141 patients with late-
relapsed HL were identified. Interestingly, the cumulative
incidence of late HL relapses rose in a linear fashion with no
plateau observed and an estimate of 6.9% late relapses at 20
years after initial diagnosis. More importantly, the risk for
developing HL after being free for at least 5 years was about 85-
fold increased as compared to an age- and sex-matched general
population. On the other hand, more than half of the patients
could still be salvaged even if they had received an intensive
combination as initial therapy.

Despite the fact that the majority of HL patients achieve lasting
complete remission upon first-line treatment, there still is a
considerable risk of late events such as second malignancies,'”~>°
organ damage to lung,*' heart,”* as well as infertility?> and
fatigue.”*** In this update analysis of HD15, there were
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significantly more cases of secondary leukemia/MDS after
treatment with 8xeBEACOPP, with 10-year cumulative inciden-
ces of 5% as compared to 1% with 6xeBEACOPP and 2% with
8xBEACOPP-14, respectively. Most secondary leukemia/MDS
occurred in the 5-year observation period (n=29)%° as compared
to 14 new cases in years 5 to 10, respectively. In contrast, the
number of patients diagnosed with solid tumor rose from a total
of 24 (1.2%) at 5 years of follow-up to 71 (3%) at the present 10-
year analysis, implying the particular relevance of keeping track
of the development of second cancer even beyond this 10-year
follow-up report.

As shown in this update of the HD135 trial, HL patients are at
increased risk of death compared with an age- and sex-matched
general population: the reported SMRs were 7.1 for 8 cycles of
eBEACOPP and 4.5 for 6 cycles of eBEACOPP, respectively.
With longer follow-up, death from HL has become less commony;
on the other hand, other causes of death such as second cancers
were diagnosed more frequently. Importantly, when the
mortality analysis was restricted to the long-term follow-up
period, SMRs still implied a significantly elevated risk of death
also in patients who survived the first 5 years after their HL
diagnosis. Thus, there is clearly a need for more specific new
drugs particularly for this young patient population. In addition,
the response rates to checkpoint inhibitors such as nivolumab or
pembrolizumab in very heavily pretreated HL patients indicate
that the Hodgkin and Reed-Sternberg cells are highly susceptible
to the blockade of the PD1-PD ligand axis.””*® These agents
might therefore be used to further decrease the intensity of
conventional chemo- and or radiotherapy in HL.

The major limitation of the current analysis is the uncertainty
related to the number of events to be observed with even longer
follow-up. Here, in particular the number of second cancers and
their outcomes will be extremely relevant. In addition, we have no
comprehensive long-term data on cardiovascular complications
such as heart failure. The major strength of this analysis is the
large data set and the extended observation period allowing
reasonable conclusions. In particular, we gained updated
information from nearly 90% of our patients.

The current follow-up analysis of the GHSG HD15 trial clearly
underscores the relevance of comprehensive long-term outcome
analyses in HL patients and adds relevant data on both, tumor
control and safety.
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4. Postaveni brentuximab vedotinu v Ié€bé relapsu Hodgkinova lymfomu

Lécebny management relabujiciho nebo primarné refrakterniho klasického
Hodgkinova lymfomu (rr-cHL) proSel v uplynulé dekadé pozoruhodnym vyvojem, v
némz brentuximab vedotin (BV) pfedstavuje jeden z vyznamnych pilifi zachranné
lécby. BV je konjugat monoklonalni protilatky cilené proti antigenu CD30 s cytotoxickou
latkou monomethyl auristatin E (MMAE). Po vazbé BV na CD30 dochazi k internalizaci
komplexu a jeho transportu do lysozomu, kde je proteolyticky Stépen linker spojujici
protilatku s cytotoxickou slozkou. Nasledné uvolnény monomethyl auristatin E (MMAE)
inhibuje polymerizaci mikrotubull, coz vede k zastavé bunécného cyklu a apoptoze
nadorovych bunék. Tento mechanismus umoznuje cilené plsobeni cytotoxické latky
na CD30 exprimujici nadorové bunky. K protinadorovému uc€inku BV muze pfispivat
take tzv. bystander efekt, pfi némz MMAE uvolnény z cilovych bunék plsobi i na okolni

nadorové buriky s nizkou nebo chybéjici expresi CD30. 5253

Vyznam BV byl nejprve prokazan u pacientu s relabovanym nebo refrakternim HL po
autologni transplantaci krvetvornych bunék. Pivotni studie faze Il zahrnujici 102
pacientl prokazala celkovou miru Ié¢ebné odpovédi (ORR) 75 %, pfiCemz kompletni
remise (CR) bylo dosazeno u 34 % nemocnych. Median pfeziti bez progrese u vSech
pacientt Cinil 5,6 mésice a median trvani odpovédi u nemocnych, ktefi dosahli
kompletni remise, ¢inil 20,5 mésice.>> Dlouhodobé pétileté sledovani této kohorty
potvrdilo trvalost 1éEebného ucCinku u &asti pacientl; pétileté celkové preziti celé

studované populace &inilo 41 % a pétileté preziti bez progrese 22 %.%

Vyznamnym posunem v |éEbé pacientd po autologni transplantaci byla studie
AETHERA, ktera hodnotila jednoroc¢ni konsolidaéni [é€bu BV u nemocnych s vysokym
rizikem relapsu nebo progrese po autologni transplantaci krvetvornych kmenovych
bunék (autologous stem cell transplantation, ASCT). Mezi hlavni rizikové faktory patfil
primarni refrakterni HL, relaps HL do 12 mésicu od ukoncéeni primarni |éCby a relaps
s extranodalnim postizenim. Pétileté preziti bez progrese dosahlo 59 % u pacientl
léEenych BV ve srovnani se 41 % u pacientll uzivajicich placebo.%% Tyto vysledky
vedly k zafazeni BV mezi moznosti konsolidacni |éCby pacientd s vysokym rizikem

relapsu po ASCT.
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DalSim vyznamnym smérem vyvoje je vyuziti BV jiz v ramci zachranné 1éCby pred
ASCT. Cilem zachranné terapie je dosazeni co nejhlubSi metabolické odpovédi pred
vysokodavkovanou chemoterapii a naslednou autologni transplantaci. BV byl proto
zkouman jak v monoterapii, tak v kombinaci s chemoterapii nebo dalSimi novymi I€Civy.
Kombinace BV s bendamustinem prokazala vysokou ucinnost jako uvodni zachranna

léCba a umoznila nasledné provedeni ASCT u vyznamné ¢asti pacientu.®’

Pozornost byla vénovana rovnéz kombinaci BV s inhibitorem PD-1 nivolumabem. Ve
studii faze I/l byla tato kombinace pouzita jako uvodni zachranna IéCba u pacientu s
relabovanym nebo refrakternim cHL. Celkova mira |éebné odpovédi Cinila 82 % a
kompletni remise bylo dosazeno u 61 % pacientl. Kombinace byla obecné dobre
tolerovana a umoznila nasledné provedeni ASCT u znaéné c¢asti nemocnych.%8
Dlouhodobéjsi vysledky této strategie nasledné potvrdily jeji vysokou ucinnost a
podporuji jeji vyuziti jako jedné z moznosti zachranné lécby u vhodné vybranych

pacientd.5°,

Za hlavni cil nasledujici publikace Ize povazovat zhodnoceni ucinnosti BV u pacient(
s relabovanym nebo refrakternim HL v podminkach b&zné klinické praxe v Ceské
republice a na Slovensku. Studie ukazala, ze 1éCebné vysledky dosazené mimo
prostfedi klinickych studii jsou srovnatelné s vysledky klicovych registracnich studii a
dalSich analyz realné klinické praxe, coz podporuje pfenositelnost vysledkd BV do
rutinni klinické péce. DalSim vyznamnym pfinosem bylo hodnoceni homogenniho
souboru pacientll IéCenych ve specializovanych hematologickych centrech ve dvou
zemich se srovnatelnou organizaci zdravotni péce. VysS8i ¢etnost kompletnich remisi
u pacientd s menSim poc¢tem predchozich Ié€ebnych linii naznacCuje, Zze CasnéjSi
zarazeni BV do Ié¢ebného algoritmu mulze byt spojeno s vySSi u€innosti I1&éCby. Tyto
vysledky rozsifuji poznatky o vyuziti BV u relabovaného nebo refrakternino HL v
podminkach bézné klinické praxe a poskytuji dalsi podklady pro individualizaci léCebné

strategie.
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Abstract

Introduction: Clinical trials have demonstrated the effectiveness of the CD30-targeted antibody—
drug conjugate brentuximab vedotin (BV) for the treatment of relapsed/refractory Hodgkin
lymphoma (R/R HL). In this study, we report on outcomes with BV in a real-world setting using data
collected in clinics in the Czech Republic and Slovakia.

Patients and Methods: Clinical and epidemiological data for patients with R/R HL who received
treatment with BV at eight centers across the Czech Republic and Slovakia were examined. Data
were amalgamated and analyzed retrospectively.

Results: Clinical data for 58 patients (median age: 30.5 years) with R/R HL who received BV during
the course of their treatment were collected and analyzed. Patients had received a median of 3 prior
treatment regimens and most (91%) were treated with BV after relapse following autologous stem
cell transplantation. Therapeutic responses after BV included 19 (33%) complete responses (CRs)
and 8 (14%) partial responses. CRs occurred more frequently in patients who had received fewer
prior treatment regimens. The 1-, 2-, and 3-year overall survival (OS) rates from initiation of BV
were 78%, 62%, and 41%, respectively.

Conclusion: Response rates and OS in this analysis of BV in real-world settings in the Czech
Republic and Slovakia were consistent with those reported for pivotal clinical trials and from
previous studies outside the clinical trial setting. The results support the efficacy of BV for treatment
of R/R HL in real-life clinical practice.

Key words: antibody-drug conjugate; CD30; brentuximab vedotin; Hodgkin lymphoma; registries; stem cell
transplantation

Introduction

Treatment for Hodgkin Ilymphoma (HL) However, approximately 20-40% of patients

achieves very high cure rates, with most patients  experience a relapse after front-line therapy or fail to
(>80%) achieving a cure and long-term survival. respond to initial treatment, with approximately 50%

http://www.jcancer.org
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of these patients being subsequently salvaged by
high-dose chemotherapy followed by autologous
stem cell transplantation (ASCT), which is the
standard of care for most patients according to the
European Society for Medical Oncology (ESMO)
guidelines for the management of HL.1-5 In patients
with failure after ASCT the outlook is poor, with a
median survival of only 25 months.®

A number of factors that are predictive of
outcome after ASCT have been identified, such as
early (<12 months) relapse after ASCT, disease
refractory to front-line therapy, failure to achieve a
response to the most recent salvage therapy,
extranodal disease (stage IV) or B-symptoms at
pre-ASCT relapse, prior use of two or more salvage
therapies, bulky disease, poor performance status,
and age =50 years at relapse. Patients with one or
more of these factors have worse outcomes after
ASCT.” Furthermore, some patients are not eligible for
ASCT due to factors such as age, refractory disease, or
poor performance status. For these patients, new
treatment strategies are needed urgently.

Brentuximab vedotin (BV) is a CD30-targeting
antibody-drug conjugate that was shown in a pivotal
phase II trial to be an effective and well-tolerated
treatment for patients with relapsed/refractory (R/R)
HL after ASCT with an overall objective response rate
(ORR) of 75% and complete remission in 34% of
patients.8 Recently published 5-year follow-up data
from the trial showed that durable responses could be
achieved even without further anticancer therapy,
with 9 of the 34 patients (26%) who achieved a
complete response (CR) still in remission and
potentially cured.? Studies have also shown that BV is
an effective option for patients with R/R HL who are
ineligible for transplantation.1011

While clinical trials are critical for establishing
efficacy, collection of real-world data outside of the
controlled trial setting is important to evaluate how
interventions are applied and assess the effectiveness
of new treatments in routine clinical practice.
Inclusion criteria are often rather restrictive compared
with the patient populations seen by physicians in
daily practice.

There are limited real-world data related to
treatment with BV, and where it is available, efficacy
and safety are consistent with those seen in clinical
trials. Five retrospective observational studies have
collected data for more than 200 patients with R/R HL
treated with BV in centers in Asia, France, Italy, and
Turkey.12-16 Across the studies, ORRs were in the
range of 40-73%, and CRs were reported for 18-34%
of patients. For the four studies that reported median
progression-free survival (PFS), these ranged from 6.6
to 9.0 months. The most frequently observed adverse

events across the studies included
neuropathy and neutropenia.

The present study investigates a population of
patients who have received a median of 3 previous
treatment regimens. These patients represent those
who have relapsed and may then have a critical
medical need, requiring a different management
strategy to standard salvage therapy. We report the
results of a retrospective, observational study with the
objective of assessing the effectiveness and tolerability
of BV for the treatment of R/R HL in a real-world
setting, based on complementary data collected in a
collaboration between institutes in the Czech Republic
and Slovakia.

Methods

This retrospective, observational study
examined data for patients with R/R HL at eight
centers in the Czech Republic and Slovakia. In the
Czech Republic, data came from a clinical registry of
patients with R/R HL who started treatment with BV
between May 2013 and November 2015. An identical
data collection strategy was used in Slovakia for
patients who started BV treatment between July 2012
and January 2016. All patients were treated within
government-funded schemes, with no patients
included from clinical trials or named patient
programs. Patients were CD30-positive, as
determined by immunohistochemical examination on
entry biopsy, typically with positivity in the
membrane and Golgi apparatus in Hodgkin’s and
Reed-Sternberg cells of classical HL.

The analysis included data for patients who
received BV for the treatment of R/R HL following
ASCT or who were ineligible for ASCT after failure of
one previous salvage therapy. BV was initiated at the
recommended dosing of 1.8 mg/kg every 3 weeks for
up to a maximum of 16 cycles.

The data collected and examined included
patient characteristics and demographics, prior
treatment history, details of BV treatment, clinical
responses to BV treatment, and survival outcomes.
Clinical responses were evaluated according to the
revised Cheson criteria (2007),'7 with all patients
assessed by computed tomography before initiating
BV and after 4, 8, 12, and 16 cycles of treatment as
applicable. Use of positron emission tomography
(PET) was not reimbursed  within the
government-funded schemes and was not routinely
available. Overall survival (OS) was determined both
from the time of HL diagnosis and the initiation of BV
treatment.

Primary data were expressed using absolute and
relative frequencies for categorical variables, and
median and range (5-95 percentiles) for continuous

sensory
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variables. Differences between patient groups were
assessed using the non-parametric Fisher exact test,
Mann-Whitney U test, or Kruskal-Wallis test.

The analyses employed logistic regression
models to quantify the association between potential
predictors and principal, binary-coded endpoints (i.e.
relapse rate, response to the therapy) using both
univariate and multivariate-adjusted approaches. The
models used maximum likelihood estimation, directly
comparing the likelihood LO for the null model where
all slope parameters are zero, with the likelihood L1 of
the fitted model. Significance of regression
coefficients was tested using the Wald test statistic,
which is based on the asymptotic normality property
of maximum likelihood estimates (tested on the basis
of Chi-square distribution). Similarly, univariate and
multivariate Cox proportional hazard regression
models were applied to test the impact of potential
predictors on OS as a time-to-event endpoint. Both
univariate and multivariate-adjusted estimates of
odds ratio (OR) and hazard ratio (HR) were
determined with 95% confidence intervals. Standard
Kaplan-Meier curves were used to display OS profiles
stratified according to clinical stage. Log-rank testing
was used to assess the statistical significance of
differences across the strata.

The study was conducted according to the
principles expressed in the Declaration of Helsinki.
Informed consent from the participants was not
collected as all data were analyzed anonymously.

Results

Patient characteristics and treatment history

A total of 58 patients with R/R HL who had
received treatment with BV were identified in the
institutional ~databases and included in the
retrospective  analysis. Patient and  disease
characteristics, as well as the treatment history for the
58 patients, are summarized in Table 1. The median
age of patients at diagnosis was 30.5 years, and the
median follow-up from diagnosis was 4.3 years from
diagnosis and 1.4 years from BV initiation.

Patients had received a median of 3 treatment
regimens prior to treatment with BV. The majority of
patients (86%) had  previously  received
doxorubicin/bleomycin/vinblastine/dacarbazine
(ABVD) at some point in the course of their treatment.
Other frequently used chemotherapy regimens
included bleomycin/etoposide/doxorubicin/cyclo-
phosphamide/vincristine/ procarbazine/ pred-
nisolone (BEACOPP), dexamethasone/high-dose
cytarabine/cisplatin (DHAP) and ifosfamide/
carboplatin/etoposide (ICE). The proportion of
patients who had received radiotherapy was 69%.

Most patients (91%) had received at least one ASCT
and 12% had had an allogeneic stem cell transplant
(allo-SCT). Of the patients receiving prior ASCT,
7 patients underwent 2 transplants prior to BV
administration, three of which were tandem-ASCTs
with an inter-transplant interval of 5-7 months. Based
on the activity of the disease, patients in this study
were divided into two groups prior to initiating BV -
52 patients (90%) were in relapse with progressive
disease (PD) and 6 patients (10%) had partial
stabilization (i.e. they had either partial response [PR]
or stable disease [SD]). Patients with PR/SD receiving
BV treatment were those whose prior therapy did not
lead to CR, despite 5 of these 6 patients having
undergone ASCT, two of which were tandem-ASCTs.

Table 1: Patient characteristics and treatment history

N (%) Median (5-95 percentiles)
Patient characteristics
Length of follow-up 43 (1.2-16.0)
(years)
Age at time of 30.5 (20.0-53.0)
diagnosis
Sex Men 33 (57)
Women 25 (43)
HL stage I+II 23 (40)
i} 19 33)
v 16 (28)
Indication for BV Relapse after 53 (91)
autologous
transplantation
R/R, unsuitable 5 )
for ASCT
Pretreatment
Number of regimens 3.0 (2.0-9.0)
Previous regimens2 ABVD 50 (86)
BEACOPP 21 (36)
COPP 15 (26)
DHAP 26 (45)
Gemcitabine 9 (16)
ICE 2 (45)
IGEV 9 (16)
Other 29 (50)
Radiotherapy No 18 (31)
Yes 40 (69)
ASCT No 5 ©)
Yes - 1 transplant 46 (79)
Yes - 2 transplants 7 (12)
Allo-SCT No 51 (88)
Yes 7 (12)
Response before BV PD/relapse 52 (90)
PR/SD 6 (10)

aTreated with regimen at any stage in treatment history; only regimens assigned to
at least five patients are listed. ABVD: doxorubicin, bleomycin, vinblastine and
dacarbazine; allo-SCT: allogenic stem cell transplantation; ASCT: autologous stem
cell transplantation; BEACOPP: bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine and prednisolone; BV: brentuximab
vedotin; COPP: cyclophosphamide, vincristine, procarbazine and prednisolone;
DHAP: dexamethasone, high-dose cytarabine and cisplatin; HL: Hodgkin
lymphoma; ICE: ifosfamide, carboplatin and etoposide; IGEV: ifosfamide,
gemcitabine and vinorelbine; PD: progressive disease; PR: partial response; R/R:
relapsed/refractory; SD, stable disease.

Safety

All patients received at least 3 doses of BV with a
median 7.5 cycles (range, 3-16 cycles). Only 1 patient
(2%) required a reduction in the dose of BV to 1.2
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mg/kg due to neutropenia (Grade 3/4), while dosing
delays were instituted for 8 (14%) of the patients.
Toxic effects of BV which lead to a prolongation of the
dose interval included 2 cases of leukopenia (Grade
3/4), 1 case of urinary tract infection, 2 cases of acute
bronchitis, 1 case of odontogenic infection and 1 case
of increase in pancreatic amylase. In our retrospective
study, the most common toxic manifestation of BV
was neurological toxicity, which was observed in 21
patients (36.2%). Of these, 12 patients presented with
peripheral sensory neuropathy (Grade 1/2) only, 3
patients with peripheral motor neuropathy (Grade
1/2) only, and 6 patients with simultaneous
occurrence of sensory and motor neuropathy (Grade

1/2).

Therapeutic responses to brentuximab
vedotin

Patients received a median of 7.5 cycles of BV
treatment. Of the 58 patients, 19 (33%) had a CR
following BV treatment, with 8 (14%) having a PR and
31 (53%) having PD (Table 2). Discontinuation of BV
was due to disease progression, negotiations with
health insurance companies, or receipt of allo-SCT.
Following treatment failure with BV, 6 patients
received nivolumab, with 3 patients subsequently
achieving CR. Of the remaining 3 patients, 2
progressed and 1 died of septic shock while on
nivolumab therapy.

Table 2: Treatment and outcomes after brentuximab vedotin
treatment

N (%) Median (5-95 percentiles)

BV treatment

Number of BV cycles 7.5 (3.0-16.0)
Number of BV cycles 2-5 20 (35)
6-10 29 (50)
11-16 9 (16)
Dose reduction No 57 (98)
Yes 1 2)
Interval change= No 16 (67)
Yes 8 (33)
Response during treatment ~ CR 8 (14)
PR 26 (45)
SD 7 (12)
PD 12 (21)
Not available 5 )
Outcome
Response on BV CR 19 (33)
PR 8 (14)
PD 31 (53)
Relapse? No 21 (78)
Yes 6 (22)
Death No 38 (66)

20 (35)

Data are presented as N (%) or median (5-95 percentiles). aData are not available for
34 patients. "Relapse occurrence was assessed only in patients with a CR or PR on
BV treatment.

BV: brentuximab vedotin; CR: complete response; PD: progressive disease; PR:
partial response; SD: stable disease.

Of the 58 patients treated with BV, the duration
of the therapeutic response was evaluated in 34

patients, with the median being 5 months. Of the
remaining patients, 13 patients achieving a response
to BV were directed to allo-SCT, and the remaining 11

patients are alive with no signs  of
relapse/progression of HL.
Patients who achieved a CR after BV

subsequently received more cycles of treatment
(median 8 cycles) as they did not relapse during BV
treatment. Patients with an inadequate response to BV
received fewer cycles (PR, median 5.5 cycles; PD,
median 6 cycles) mostly due to the poor response
(P<0.001). BV treatment was discontinued early
(patients received <8 cycles of BV) in a total of 29
patients. Of these, 19 patients discontinued treatment
due to insufficient response to BV. Six patients
discontinued BV treatment early due to redirection to
allo-SCT, of which 3 patients were in PR following 3, 5
and 6 cycles of BV, and 3 patients were in CR
following 6, 3 and 6 cycles. The number of BV cycles
was also influenced by negotiations with health
insurance companies, which lead to the decision to
discontinue BV treatment early in 2 patients who
achieved CR. No patients discontinued treatment
early due to toxicity or drug availability issues, and
the remaining 2 patients discontinued treatment early
due to unknown reasons.

Patients receiving fewer previous treatment
regimens were more likely to achieve a CR. Univariate
and multivariate logistic regression models confirmed
these associations, and that none of the other factors
tested were significantly correlated with the
likelihood of achieving a CR (data in Supplementary
Table S1).

No factor was found to be significantly
associated with the risk of relapse in univariate or
multivariate logistic regression models
(Supplementary Table S2). Overall, 14 patients
underwent allo-SCT after BV treatment. CR was
achieved following allo-SCT in all patients who
received the transplant in CR (6 patients) or PR
(3 patients). Of the remaining 5 patients receiving
allo-SCT with PD, CR was achieved in 2 cases.

Progression-free survival

Figure 1 shows the PFS for the 58 patients from
the start of BV therapy. The PFS rates at 1 and 2 years
were 63.2% and 45.2%, respectively. The median PFS
was 1.38 (0.56-2.21) years.

Overall survival

At 1 and 3 years after initiation of BV, OS was
78% and 41%, respectively (Figure 2A). The OS rate at
1 year after BV initiation was 96% for patients with
Stage I or II disease at diagnosis, compared with 78%
for Stage III disease and 56% for Stage IV disease
(Figure 2B). In a univariate analysis, OS from
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initiation of BV was significantly shorter in patients
initially diagnosed with more advanced stage HL, and
significantly longer in patients who received six or
more cycles of BV compared with those who received
five or fewer cycles (P<0.05; Supplementary Table
S3).

100%
80% A
60% |
40% |

20% A

Progression-free survival

0%

0 1 2 3

Time from initiation of brentuximab vedotin (years)

PFS (95% CI)

1-year 63.2% (50.2%; 76.1%)

2-year 45.2% (29.9%; 60.5%)

Cl, confidence interval; PFS, progression-free survival.

Figure 1: Progression-free survival of patients with Hodgkin lymphoma from
initiation of brentuximab vedotin

Discussion

Our study reports and assesses data related to
the treatment of R/R HL, and specifically BV, in
clinical practice in a ‘real-world’” setting. This
information can provide a valuable complement to
findings from randomized clinical trials, capturing
experience in routine clinical practice rather than the
selected, highly controlled trial conditions.

The characteristics of the patients included in
our study were typical of those encountered in
real-life practice who are eligible for treatment with
BV. Comparing our observational study with the
pivotal phase II clinical trial of BV in R/R HL, the
median age of patients (305 and 31 vyears,
respectively) was the same, and the median number
of prior chemotherapy regimens (3.0 and 3.5,
respectively), proportion of patients who had
previously received at least one ASCT (both 91%) and
the proportion who had received radiotherapy (69%
and 67%, respectively) were all similar® Some
differences exist between the study populations: in
the pivotal phase 1II trial, for example, all patients had
undergone ASCT, whereas the present study included

5 patients who were ineligible for ASCT. Response
assessment also differed: while the phase II trial
included both computed tomography and PET scans
in the trial design, the present study evaluated
response by computed tomography only - PET scans
were not routinely available in this retrospective
analysis. While results may have been different with a
PET-driven approach, this study was not a clinical
trial, and PET/CT is not always a standard procedure
for interim disease response evaluation in routine
clinical practice, even in countries other than the
Czech Republic and Slovakia.

Most patients (86%) had received an ABVD
regimen, and a substantial proportion had received
BEACOPP (36%), as part of their treatment history
prior to BV, reflecting that some patients were
switched from BEACOPP to ABVD due to toxicity
issues. This suggests that practice in the centers in the
Czech Republic and Slovakia is consistent with ESMO
guidelines, which recommend either ABVD or
BEACOPP as front-line treatment for newly
diagnosed HL.3 Frequently used salvage regimens
included DHAP and ICE. The high proportion of
patients who had previously received at least one
ASCT (91%), with the exceptions being those
unsuitable for ASCT, reflects that use of BV followed
the licensed indications for BV as well as ESMO
recommendations.18

Seven patients (12%) had received prior
allo-SCT, consistent with ESMO guidelines that this is
not a standard approach in HL but can be considered
for young patients in good general condition with
relapse after ASCT.3 Of these 7 patients, 4 achieved
CR following subsequent treatment with BV, none of
whom relapsed. BV treatment in patients
post-allo-SCT has thus far not been studied
extensively. A previous study of 25 patients with HL
relapsing after allo-SCT, indicated that BV treatment
had potential utility in post-allo-SCT management,
resulting in a 38% CR rate® Although a small
number, the results of the present study provide
further support for the efficacy of BV treatment
post-allo-SCT.

The response rates after treatment with BV are
mostly consistent with previous studies. For example,
the CR rate of 33% following BV treatment among
patients in our clinics in the Czech Republic and
Slovakia was the same as that seen in a long-term
follow-up of patients in the pivotal phase II trial.” The
ORR (47%) and CR rates in our study were also within
the range reported from other observational studies
(ORR: 40-73%; CR: 18-34%).12-16 Based on the analysis
of experience in our clinics, patients who received less
extensive prior treatment were more likely to achieve
CR, and subsequently a higher number of cycles of BV
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treatment. There was some indication that the risk of
relapse was increased when the dosing interval of BV
was changed from that recommended, but the small
number of patients for whom relevant data were
available limits interpretation. In patients with PD
after BV, there was a longer interval between BV
cycles. The cause of prolongation between BV cycles
was most often due to infectious complications
(respiratory tract infections) and myelotoxicity. It is
not currently clear how to distinguish between those
patients who are likely to gain the greatest benefit
from BV treatment (ie. long-term remission) and
therefore do not require any further consolidation and
those for whom BV therapy should serve as a bridge
to allo-SCT. A recent review of published reports from
the named patient program for BV, drawing together
experience from 480 patients with R/R HL in
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Q 40% A
o
20% A
0% T T |
0 1 2 3
Time from initiation of brentuximab vedotin (years)
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100%
80%
g
5 60%
3
(]
©
9 40%
(o]
Stage I+l (N = 23)
20% 4 —— Stage lll (N =19)
—— Stage IV (N =16)
Log-rank test. p 0.048
0% T T )
0 1 2 3

Time from diagnosis (years)

Cl, confidence interval; OS, overall survival.

approximately 60 countries, found 1-year OS rates of
67-76% and 2-year OS rates of 58-67% from the
initiation of BV treatment.?! Survival rates in our
study were consistent with the results from the named
patient program, with 1- and 2-year OS rates of 78%
and 62%, respectively. Comparing these results in
real-world settings with those from clinical trials, in
the pivotal phase II trial with BV, the estimated 1-year
OS rate was somewhat higher at 89% and in long-term
follow-up the 5-year OS rate was 41%.8° The duration
of therapeutic response (5 months) appears to be
lower than that observed in previous pivotal and
real-world studies.812131521 This may be due to the
inclusion of more heavily pretreated patients with
R/R HL, who had previously undergone 2-9 previous
chemotherapy regimens, as well as prior ASCT and
allo-SCT.

05 (95% CI)

78.3% (67.4%; 89.2%)
61.9% (46.6%; 77.2%)
41.3% (15.8%: 66 8%)

1-year
2-year
3-year

08 (95% Cl)

1-year

Stage I+l
95.5% (86.8%; 100.0%)
75.0% (53.4%; 96.6%)

Stage Ill
78.0% (59.0%; 97.1%)
61.4% (36.0%; 86.8%)
46.1% (13.8%: 78.4%)

Stage IV
55.6% (30.9%; 80.2%)
48.6% (23.5%; 73.7%)

2-year
3-year

Figure 2: (A) Overall survival of patients with Hodgkin lymphoma from initiation of brentuximab vedotin and (B) according to disease stage
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By drawing on real-world data, our study
provides further evidence on the use and effectiveness
of BV in routine clinical practice. The use of BV in R/R
HL management should be considered in the context
of other treatment options, such as immune
checkpoint inhibitors.?2-2> Data were collected using a
consistent, standardized and systematic approach that
allowed a robust analysis. At the same time, common
to other real-world analyses, our study is potentially
open to numerous confounding factors and sources of
bias that would, to some extent, be reduced by the
restrictions and controls of a prospective clinical trial.
The number of patients included in the analysis was
also relatively small, reducing the scope for
sub-analyses and interpretation, which means that
valid conclusions can only be drawn from a limited
number of statistical tests. In conclusion, this analysis
of real-world data for patients with R/R HL in the
Czech Republic and Slovakia, demonstrated efficacy
with BV consistent with that seen in previous reports
from real-world practice as well as clinical trials.

Supplementary Material

Supplementary tables.
http:/ /www jcancer.org/v10p5041s1.pdf
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5. Vyznam PET u relabujiciho Hodgkinova lymfomu

PfestoZze vétSina nemocnych s HL dosahuje po primarni 1é¢bé dlouhodobé remise,
priblizné u 10-20 % pacientl dochazi k relapsu onemocnéni nebo je onemocnéni
refrakterni vici avodni [éEbé. U pacientl zpUsobilych k intenzivni 1é€bé predstavuje
standardni kurativni postup u relabovaného nebo refrakterniho onemocnéni
zachranna systémova IéCba nasledovana vysokodavkovanou chemoterapii a ASCT.
V tomto diagnosticko-terapeutickém algoritmu predstavuje PET/CT kliCovou
zobrazovaci metodu pro stanoveni rozsahu onemocnéni, hodnoceni [éCebné odpovédi
a prognostickou stratifikaci pacientd. Pfi podezieni na relaps ma PET/CT zasadni
vyznam pro posouzeni rozsahu suspektniho postiZzeni a pro vybér optimalniho mista
k odbéru reprezentativniho vzorku tkané k naslednému histologickému vySetfeni. Ve
srovnani se samotnym CT umozfiuje pfesnéji posoudit pfitomnost metabolicky
aktivniho rezidualniho onemocnéni a odliSit je od rezidualnich vazivovych Ci
fibrotickych zmén pretrvavajicich po predchozi 1é¢bé, zejména v mediastinalni

oblastij.53.60.61

VySetfeni PET/CT navic umoziiuje stanovit pfed zahajenim zachranné léCby vychozi
metabolicky nadorovy objem (baseline metabolic tumor volume, bMTV). Moskowitz et
al. prokazali, ze vy$Si bMTV je u pacientl s relabujicim nebo refrakternim cHL spojeno
s kratSim prezitim bez pfihody (event-free survival, EFS) a pfedstavuje nezavisly

prognosticky faktor.2°

Zasadni prognosticky vyznam ma hodnoceni metabolické odpovédi pomoci PET/CT
pfed provedenim ASCT. Dosazeni kompletni metabolické odpovédi, zpravidla
definované jako Deauville skére 1-3, patfi mezi nejvyznamnéjsi prognostické
ukazatele vysledku po zachranné |écbé a ASCT. Pacienti s negativhim PET/CT
nalezem pfed ASCT dosahuji vyznamné lepSiho preziti bez progrese nebo pfihody

nez nemocni s pretrvavajicim metabolicky aktivnim onemocnénim.61.62
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Tyto poznatky vedly k rozvoji PET-adaptovanych |éCebnych strategii u relabovaného
nebo refrakterniho HL. Cilem moderni zachranné 1éCby je dosahnout co nejlepsi,
idealné kompletni metabolické odpovédi jesté pfed vysokodavkovanou pfipravou a
naslednou ASCT. Pfi pfetrvavajici pozitivité¢ PET/CT po uvodnim zachranném rezimu
lze zvazit dalSi IéEbu s cilem prohloubit I1éCebnou odpovéd, napfiklad zménou
chemoterapeutického rezimu nebo zafazenim brentuximab vedotinu ¢i inhibitoru PD-
1. Volba dalSiho postupu by méla vychazet z rozsahu rezidualniho onemocnéni,

pfedchozi 1&éCby a celkového klinického stavu pacienta.5%61.63

Zarazeni inhibitorl kontrolnich bodd imunitni odpovédi, zejména nivolumabu a
pembrolizumabu, do lécby HL pfineslo specifické vyzvy v interpretaci PET/CT.
Imunoterapie muze v duasledku aktivace imunitni odpovédi vést k prechodnému
zvétSeni nadorovych Iézi nebo ke zvySeni jejich metabolické aktivity spojenému se
zvySenou akumulaci '8F-fluorodeoxyglukozy. Tyto zmény mohou napodobovat
progresi onemocnéni a vést k fenoménu tzv. pseudoprogrese. Pro hodnoceni téchto
atypickych lé€ebnych odpovédi byla vytvofena kritéria LYRIC (Lymphoma Response
to Immunomodulatory Therapy Criteria), ktera zavadéji kategorii neurcité odpovédi a
doporuéuji dal$i hodnoceni vyvoje nalezu.®* Kombinace brentuximab vedotinu s
nivolumabem dosahla ve studii faze /Il vysoké cetnosti lé¢ebnych odpovédi a

umoznila vétsiné vhodnych pacienti nasledné podstoupit ASCT.51.65-67

Cilem nasledujici retrospektivni studie, bylo pfedevsim zhodnotit prognosticky vyznam
PET vySetfeni pfed ASCT u pacientu s relabujicim nebo refrakternim HL a porovnat
jeho prediktivni vyznam se sekundarnim klinickym rizikovym skoére pfi relapsu a s
dosazenim kompletni remise hodnocené pomoci CT po zachranné chemoterapii.
léCebnymi vysledky. Pacienti s negativnim PET dosahovali vyznamné vysSiho
dvouletého preziti bez progrese i celkového preziti nez pacienti s pozitivnim PET
nalezem. Vysledky tak podpofily vyznam metabolické odpovédi pfed ASCT jako
prognostického ukazatele umoznujiciho identifikovat pacienty s vysSSim rizikem

nepfiznivého pribéhu po transplantaci.
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Abstract

This retrospective study evaluated the secondary clinical risk score at relapse, the prognostic significance of pre-transplant
positron emission tomography (PET), and complete remission (CR) assessed by computed tomography (CT) after salvage
chemotherapy before autologous stem cell transplant (ASCT) in 76 patients with relapsed/refractory Hodgkin lymphoma (HL).
Median follow-up after ASCT was 23 months. Overall 11/20 PET-positive and 14/56 PET-negative patients relapsed after
ASCT. In univariate analysis, only PET negativity before ASCT was significantly associated with better 2-year progression-free
survival (PES) (72.7 + 6.3% vs. 36.1 + 11.6%, p=0.01) and 2-year overall survival (OS) (90.3 + 4.1% vs. 61.4 + 11.6%,
p»=0.009). Other factors were not significant. In multivariate analysis, none of the evaluated factors were significant for PFS and
OS. However, positive pre-transplant PET identified a population with worse PFS and OS at least in univariate analysis.

Keywords: Hodgkin lymphoma, PET, autologous stem cell transplant

Introduction

Second-line salvage chemotherapy followed by auto-
logous stem cell transplant (ASCT) has become the
standard of treament in patients with relapsed
Hodgkin lymphoma (HL); however, it cures only
half of them. Several studies have analyzed adverse
prognostic factors at relapse of HL to predict the
outcome after ASCT [1,2]. The German Hodgkin
Study Group (GHSG) defined a secondary clinical
risk score for relapsed HL based on the outcomes of
422 patients with relapsed HL.. Multivariate analysis
indicated three independent risk factors: time to
relapse (<12 vs.>12 months), clinical stage at
relapse (stage III/IV), and anemia at relapse (males,

hemoglobin [Hb] <12 g/dL; females, Hb <10.5 g/
dL). Freedom from second failure (FF2F) rates were
estimated at 45%, 32%, and 18% for patients with 0/
1, 2, and 3 prognostic factors, respectively [2].
Response to salvage chemotherapy prior to ASCT
is the most important prognostic factor associated
with the outcome of patients with relapsed HL [3].
Computed tomography (CT) scans have their
limitations, especially in patients with residual
masses after treatment, where they cannot distin-
guish between a scar and a residual tumor in HL.
['®F]2-fluoro-p-2-deoxyglucose-positron  emission
tomography (**F-FDG-PET) is  currently recom-
mended in initial staging and for evaluation of
response at the end of first-line therapy in patients
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with diffuse large B-cell lymphoma (DLBCL) and
HL [4]. The predictive role of PET scans in the pre-
transplant setting has been assessed in several studies
with non-Hodgkin lymphoma (NHL) and HL and
correlated well with the post-transplant outcome [5—
10]. The reported event-free survival (EFS) rate was
54-83% for PET-negative patients and 7-43% for
PET-positive patients [5,6,11-13]. Studies with
chemoresistant PET-positive patients resulted in
median progression-free survival (PFS) of less than
4 months after ASCT [5-8,14]. Pre-transplant PET
was more predictive of outcome in patients with HL
compared to DLBCL according to the study by
Crocchiolo et al. [15]. Based on a systematic review
and meta-analysis of pre-transplant PET in 630
patients with NHL or HL, '®F-FDG-PET had a
summary sensitivity of 0.69 (95% confidence interval
[CI] 0.56-0.81) and specificity of 0.81 (95% CI
0.73-0.87) [16]. Schot er al. developed a risk model
for combined use of the clinical risk score and PET
response after two cycles of salvage chemotherapy in
patients with NHL. and HL [11]. Both secondary
clinical risk score (p < 0.001) and PET response
(p < 0.001) were independent predictive factors.
Patients were stratified into four risk subgroups that
predicted more accurate outcome after ASCT,
ranging from 80-100% responses in a subgroup
with a low combined risk score to 0-7% responses in
a subgroup with a high combined risk score
[2,11,17]. Although the prognostic value of PET
scans prior to ASCT for relapsed lymphomas seems
to be better clarified, there appears to be little
consensus on the use of the scan results.

Conflicting results have been reported on the
correlation between PET after ASCT and long-
term clinical outcome in patients with HLL and NHL
[18,19].

This retrospective study evaluated the GHSG
secondary clinical risk score at relapse, the prognostic
significance of PET, and achievement of complete
remission (CR) assessed by CT after salvage che-
motherapy before ASCT in 76 patients with relapsed/
refractory HL.

Patients and methods
Patients

Relapse/progression of HL. was confirmed by biopsy
and CT in 76 patients between 2000 and 2009. All
these patients underwent pre-transplant PET after
second-line chemotherapy before ASCT. The char-
acteristics of the 76 patients are summarized in Table
I. Prognostic factors were assessed at relapse and
analyzed in 70 patients according to the GHSG
secondary clinical risk score [2]. The prognostic
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Table I. Characteristics of patients with Hodgkin lymphoma
(n=176).

Gender: male/female 40/36

Age at ASCT, median (range) (years)
Clinical risk factors at relapse (1)
Primary refractory HL. 6

34 (20-61)

Relapse <12 months after first-line therapy 16
Anemia at relapse (males, Hb <12 g/dL; 12
females, Hb <10.5 g/dL)
Ann Arbor clinical stage at relapse (1)
/1T 26
v 50
GHSG secondary clinical risk score at relapse (1)
0,1 52
2 16
3 2
Unknown prognostic score 6
Second-line therapy prior to ASCT
(no. of cycles, range) (1)
DHAP, ESHAP (2—4) 41
ICE (2-6) 15
CEVD (2-4) 10
ABVD (4-6) 6
Gemcitabine alone (2) 2
IVE (4) 2
PET after salvage chemotherapy (no. of cycles) (1)
2 32
3 19
4 16
5 5
6 4

ASCT, autologous stem cell transplant; HL,, Hodgkin lymphoma;
Hb, hemoglobin; GHSG, German Hodgkin Study Group; PET,
positron emission tomography; DHAP, dexamethasone, cytara-
bine, cisplatiny ESHAP, etoposide, cytarabine, cisplatin, methyl-
prednisolone; ICE, ifosfamide, carboplatin, etoposide; CEVD,
lomustine, etoposide, vindesine, dexamethasone; ABVD, doxor-
ubicin, bleomycin, vinblastine, dacarbazine; IVE, ifosfamide,
epirubicin, etoposide.

score was not evaluated in six patients with primary
refractory HL. Patients received various types of
salvage chemotherapy. The choice of salvage regi-
mens and the number of cycles (median 3 cycles)
depended on decisions taken at the individual centers
(Table I). Decisions were made on the basis of
clinical response to salvage chemotherapy. Results of
the pre-transplant assessment including PET did not
impact the decision to proceed to transplant. Overall,
72 patients underwent single ASCT after the con-
ditioning regimen BEAM (carmustine, etoposide,
cytarabine, melphalan) and four patients were treated
with tandem ASCT: the first conditioning regimen
consisted of melphalan and mitoxantrone and
BEAM was used for the second conditioning.
Involved field radiotherapy was performed in patients
with PET positivity and/or with a residual post-
transplant tumor (>2.5 cm assessed by CT) in
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previously not irradiated sites 3 months after ASCT.
The radiation doses varied between 30 and 40 Gy.
Out of 76 patients, 32 were irradiated after ASCT,
including nine PET-positive patients.

Restaging assessment

Conventional restaging methods included: physical
examination, laboratory studies, chest X-ray, CT
and/or ultrasound of the neck, CT of the chest,
abdomen, and pelvis, and magnetic resonance
imaging in selected cases. The timings of restaging
were: at the first relapse, after salvage chemotherapy
prior to ASCT, 3 months after ASCT, and in
subsequent relapse. Responses after treatment and
relapses were evaluated according to the Interna-
tional Working Group criteria for response assess-
ment of lymphoma [20].

PET studies

Overall, 42 FDG-PET and 34 FDG-PET/CT
studies were carried out after second-line che-
motherapy, 2-6 weeks before ASCT, and no
additional treatment was offered to these patients
beween PET and ASCT (Table I). Additionally, 54
PET scans were performed 3 months after ASCT,
and post-transplant PET was not performed in 22
patients. PET and PET/CT studies were con-
ducted at three PET centers with one of the
following scanners: whole-body PET scanner
ECAT EXACT BGO Siemens; PET/CT scanner
Biograph Duo LSO Siemens MS; Siemens Bio-
graph TruePoint PET/CT scanner with 64-slice
CT; and PET/CT scanner Siemens Biograph 16.
Patients fasted for at least 4-6 h before the study.
Serum glucose levels were obtained before the
scans to document euglycemia. Scans were ob-
tained 60-90 min after the intravenous administra-
tion of a dose of '®F-FDG adjusted to body weight
(350-550 MBq). Sequential overlapping scans were
acquired to cover from the base of the skull to the
mid-thighs, including the neck, chest, abdomen,
and pelvis. PET and PET/CT studies were
evaluated visually by local nuclear medicine spe-
cialists at the time of the scan, and scans were not
centrally reviewed. The standardized uptake value
was not used for the evaluation of PET. In cases of
separate PET and CT scans, these data were not
merged. Positive PET scans were defined as areas
with increased FDG uptake above background,
concordant with a tumor [21]. PET scans were
interpreted as negative when no evidence of
increased FDG uptake above background was
revealed. PET results did not impact the decision
to perform ASCT.
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Statistics

PFS was defined as the time interval from ASCT
until the first objective evidence of relapse/progres-
sion or date of the last follow-up. Overall survival
(OS) was calculated from the date of ASCT until
lymphoma-related death or death from any other
cause. Survival curves were calculated by Kaplan—
Meier analysis and comparison between subgroups
was performed by the log-rank test. Factors analyzed
in the univariate analysis were: primary refractory
HI., the GHSG secondary clinical risk score at
relapse, achievement of complete remission after
salvage chemotherapy assessed by CT, and pre-
transplant PET scans. Multivariate analysis by
proportional hazards (Cox) regression was per-
formed to evaluate the significance of the GHSG
secondary clinical risk score at relapse, achievement
of complete remission after salvage chemotherapy
according to CT, and pre-transplant PET findings
on PFS and OS. STATISTICA software (StatSoft
Inc., Tulsa, OK) was used for statistical analyses.

Results

PET was performed in 76 patients with relapsed/
progressed HL after salvage chemotherapy prior to
ASCT with the following results: there were 20 PET-
positive patients (26.3%) and 56 PET-negative
patients (73.7%). PET and CT restaging assessment
after salvage chemotherapy is summarized in Table
II: 1/30 patients in complete remission (CT)
remained PET-positive and 16/37 patients in partial
remission (CT) were PET-positive. Three out of
nine patients with stable or progressive disease
remained PET-positive before ASCT. Five of six
primary refractory patients with HL achieved PET
negativity (one complete remission, two partial
remissions, two stable diseases assessed by CT) after
salvage chemotherapy and none of them relapsed
after ASCT: four are in complete remission and one
in partial remission (CT findings). One primary

Table II. Response to salvage treatment in patients with Hodgkin
lymphoma prior to ASCT (n=76).

Number of patients

Response CT PET negative PET positive

Complete remission 30 29 1
(un)confirmed

Partial remission 37 21 16

Stable disease 5 4 1

Progression/relapse 4 2 2

Total 76 56 20

CT, computed tomography; PET, positron emission tomography.



refractory patient remained PET-positive after sal-
vage chemotherapy and died due to HL progression
after ASCT. The risk of death was 3.5 times higher in
our PET-positive patients when compared to PET-
negative patients. Out of 51 patients treated with two
or three cycles of salvage chemotherapy, 11 remained
PET-positive and nine of 25 patients treated with
more than three cycles of chemotherapy were PET-
positive prior to ASCT; the difference between both
groups was not significant (p =0.29).

During the median follow-up of 23 months (range
3-108), overall 11 (55%) of 20 PET-positive patients
and 14 (25%) of 56 PET-negative patients relapsed
after ASCT. The negative predictive value of pre-
transplant PET was 75% and the positive predictive
value was 55%. Relapses/progressions after ASCT
were documented in 25 (33%), including five
relapses in pre-transplant PET-positive sites and
eight with positive post-transplant PET.

Out of 32 patients irradiated after ASCT, 11
relapsed, including six relapses in the irradiated
fields.

Overall, 19 of 76 (25%) patients died: 11 in
relapse/progression of HLL and eight patients due to
non-relapse mortality (five transplant-related mor-
talities, one cardiac failure, one pulmonary embo-
lism, one ischemic stroke).
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Figure 1. PFS and OS of patients with Hodgkin lymphoma
(n=176).
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The 2-year PFS of 76 patients with HL was 63.1%
(95% CI 51.7-74.5%) and OS 82.5% (95% CI 73.5—
91.5%) (Figure 1). The median follow-up of living
patients was 33.6 months (range 3.2-105.8).

Univariate analysis

Primary refractory disease compared to relapsed HL
was not significantly associated with worse PFS
(»=0.933, hazard ratio [HR]=0.94) or OS
(»p=0.27, HR=2.31) (Table III). The GHSG
secondary clinical risk score 2 or 3 at HL relapse
was not significantly associated with worse PFS
»=0.066, HR=2.08) and OS (»=0.878,
HR =1.08). The response to salvage chemotherapy
(complete remission vs. no complete remission)
assessed by CT was not significant in terms of
PFS (»=0.073, HR=0.5) and OS (p=0.116,
HR =0.46). Differences in PFS between PET-
negative and PET-positive patients were statistically
significant (Figure 2): the estimated 2-year PFS for
PET negative patients was 72.7% (95% CI 60.4—
85%) and for PET-positive patients 36.1% (95%
CI 13.4-58.8%), p=0.01, HR=2.68. Differences
in OS between PET-positive and PET-negative
subgroups were statistically significant (Figure 3):
the estimated 2-year OS for PET-positive patients
was 61.4% (95% CI 38.7-84.1%) and for PET-
negative patients 90.3% (95% CI 82.3-98.3%),
p»=0.009, HR=3.47.

Multivariate analysis

The Cox model was used for PFS and OS analysis of
three variables: high GHSG risk score, PET positiv-
ity, and CR assessed by CT before ASCT (Table IV).
Six patients with primary refractory disease were
excluded from the multivariate analysis. In the
multivariate analysis, none of these factors were
statistically significant for PFS. PET was significant
for PFS only in combination with other variables (the
GHSG secondary clinical risk score at relapse and
CR assessed by CT), p=0.017. Cox regression
analysis for OS of three variables (high GHSG risk

Table III. Univariate analysis of risk factors for progression-free and overall survival (n=76).

Progression-free survival

Overall survival

Risk factors HR 95% CI p-Value HR 95% CI p-Value
GHSG secondary clinical risk score at relapse 2 or 3 2.08 0.95-4.56 0.066 1.08 0.38-3.05 0.878
PET positivity 2.67 1.27-5.62 0.010 3.46 1.36-8.77 0.009
CR according to CT 0.49 0.22-1.06 0.073 0.45 0.17-1.21 0.116
Primary refractory 0.94 0.22-3.95 0.933 2.31 0.22-3.15 0.270

HR, hazard ratio; CI, confidence interval; GHSG, German Hodgkin Study Group; PET, positron emission tomography; CR, complete

remission; CT, computed tomography.
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score, PET positivity, CR according to CT prior to
ASCT) was not statistically significant.

Discussion

We have evaluated the GHSG secondary clinical risk
score at relapse, the prognostic significance of PET,
and achievement of CR assessed by CT after salvage
chemotherapy before ASCT in a group of 76 patients
with relapsed/refractory HL. In our cohort, 11 (55%)
of 20 PET-positive patients with HL relapsed and 14
(25%) of 56 PET-negative patients with HL

Cummuilative survival

02 — PET negative
---- PET positive
01 P=0.01
00
0 12 24 36 48 60 72 84 9% 108 120
Time
Figure 2. PFS according to PET results.
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Figure 3. OS according to PET results.

relapsed. Our data are comparable with the data
reported by Jabbour er al. on 68 patients with HL
with pre-transplant PET: 18 (72%) of 25 PET-
positive patients relapsed and 10 (23%) of 43 PET-
negative patients relapsed [22]. Jabbour ez al. also
documented the presence of B symptoms, lack of
complete remission at ASCT, PET results, and
conditioning regimen BEAM as independent pre-
dictive factors for PFS, and complete remission,
radiation therapy, and BEAM were independently
predictive for OS. According to our data, PET
positivity was the only predictive factor for PFS and
OS in univariate analysis (p=0.01 and p=0.009,
respectively), and these observations support the
results of the study published by Spaepen er al.,
where pre-transplant PET was the only prognostic
factor associated with PFS [6]. The GHSG second-
ary clinical risk score at relapse and achievement of
CR after salvage chemotherapy according to CT
failed to show a statistical significance in our study,
and this observation should be viewed with caution
as the number of evaluated patients was low.

In our multivariate analysis, PET was not sig-
nificant for PFS and OS due to the correlation
between all variables in the analysis. Our results
differ from those of other studies, where PET was an
independent prognostic factor in multivariate ana-
lyses [6,21,22]. This difference may be due to the few
events occurring in our trivariate analysis.

Five of our six primary refractory patients with HL
achieved PET negativity prior to ASCT, and none of
them relapsed after ASCT. This probably reflects a
resistance to the first-line chemotherapy but not
overall resistance to the salvage therapy. Primary
refractory HLL was not proved to be a significant risk
factor for PFS or OS in our univariate analysis. One
patient with primary refractory disease with PET
positivity, although in complete remission according
to CT before ASCT, subsequently relapsed. No
definitive conclusion can be drawn from such a small
group of patients. Svoboda ez al. demonstrated that a
small group of chemoresistant patients with negative
PET scans experienced prolonged PFS, which was
comparable to those with chemosensitive disease and
negative PET scans [5].

Table IV. Multivariate analysis of risk factors for progression-free and overall survival (n="70).

Progression-free survival

Opverall survival

Risk factors HR 95% CI p-Value HR 95% CI p-Value
GHSG secondary clinical risk score at relapse 2 or 3 2.02 0.88-4.62 0.094 0.97 0.33-2.89 0.968
PET positivity 1.78 0.76-4.14 0.177 2.73 0.96-7.73 0.057
CR according to CT 0.49 0.21-1.15 0.105 0.55 0.18-1.67 0.293

HR, hazard ratio; CI, confidence interval; GHSG, German Hodgkin Study Group; PET, positron emission tomography; CR, complete

remission; CT, computed tomography.
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Out of our 56 PET-negative patients, 14 relapsed
after ASCT, and this finding supports the observa-
tion that even a negative PET scan cannot exclude a
late relapse.

The optimal timing of PET before transplant is
currently unknown. Patients included in our analysis
underwent only one PET scan before ASCT,
although the number and type of second-line
chemotherapy cycles varied. Number of salvage
chemotherapy cycles (2—3 vs. more than 3) was not
significant for PET response (p =0.29). Schot ez al.
analyzed PET scans in 39 patients with relapsed
lymphoma (28 with aggressive NHL and 11 with
HL) after two cycles of second-line chemotherapy
and after a third cycle of chemotherapy before ASCT
in cases with abnormal PET after two cycles. PET
after three cycles had a slightly better predictive
accuracy than PET after two cycles, especially for
identifying those patients who would have a poor
prognosis [23]. Most patients with persistent PET
positivity were refractory to therapy, and they
progressed or relapsed soon after ASCT.

The risk of death was 3.5 times higher in our PET-
positive patients when compared to PET-negative
patients. According to a meta-analysis of pre-transplant
PET in patients with lymphoma, the risk of progression
is three times higher while the risk of death is four times
higher in patients not achieving a pre-transplant PET-
negative scan [24]. We assume that PET positivity after
salvage chemotherapy is not an absolute contraindica-
tion for ASCT, as it was effective in nine of our 20
PET-positive patients. Moskowitz er al. reported one-
third of patients with abnormal pre-ASCT functional
imaging who were cured by ASCT, and supported the
theory that ASCT remains the standard of treatment
[25]. However, PET-positive patients are at a higher
risk of relapse or progression after ASCT. Radiotherapy
can be used before and after ASCT and as a part of a
conditioning regimen. Radiotherapy alone is a reason-
able approach in selected patients. This is supported by
a retrospective analysis of 100 patients with relapsed
disease in localized stages and without risk factors
treated with radiotherapy alone [26]. In this group,
77% had a CR, 51% were alive at 5 years, and 28%
were disease-free at 5 years. Whereas the 5-year OS
rate was 68% in patients with stage I disease, it was only
27% for those with stage III/IV disease. Moskowitz
et al. conducted a phase II intent-to-treat study with
augmented or high dose ICE (ifosfamide, carboplatin,
etopside) in patients with relapsed/refractory HL. and
risk factors [10]. Chemosensitive patients evaluated by
functional imaging (gallium or FDG-PET scan)
underwent combined high-dose chemoradiotherapy
(either as total lymphoid irradiation or as an involved
field) and ASCT. Pre-ASCT functional imaging
predicted outcome: 4-year EFS rates were 33% vs.
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77% for patients transplanted with positive versus
negative functional imaging, respectively, p = 0.00004.
The authors suggested that patients not achieving
functional imaging negativity after salvage chemother-
apy require additional non-cross-resistant treatment to
further cytoreduce disease burden prior to ASCT,
including intensity-modulated radiation therapy.
Morschhauser er al. reported a benefit of tandem
ASCT with total-body irradiation as part of a second
conditioning regimen for patients with poor-risk HL,,
chemotherapy-resistant or partial responders [27].
Radiotherapy was offered to 32 patients after ASCT
in our study, but despite irradiation, 11 of them
relapsed, including six relapses in the irradiation fields,
and radiotherapy had no significant impact on PFS or
OS (p=0.966 and p=0.997, respectively). No defini-
tive conclusion can be drawn from this small and
heterogeneous cohort of patients treated with radiation
after ASCT. New drugs, e.g. histone deacetylase or
mammalian target of rapamycin (mTOR) inhibitors
and the most promising antibody—drug conjugates
(SGN-35) are currently being tested in high-risk HL.
after ASCT. In summary, positive pre-transplant PET
identified a population with worse PFS and OS at least
in univariate analysis. Treatment decisions based on
PET results remain to be defined.
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6. Extranodalni postizeni u Hodgkinova lymfomu a jeho prognosticky vyznam

U HL pfevaZzuje nodalni zplasob Sifeni onemocnéni, zatimco extranodalni manifestace
je méné Casta nez u fady ne-Hodgkinovych lymfomu. PFitomnost extranodalniho
postizeni ma vyznam zejména pro stanoveni klinického stadia, prognostickou

stratifikaci a volbu lééebného postupu.56-68

V ramci Ann Arbor klasifikace, modifikované podle Luganské klasifikace, je nutné
rozliSovat mezi pfimym Sifenim nadoru z postizené lymfatické uzliny do bezprostfedné
pfilehlé extranodalni tkané a vzdalenym extranodalnim postizenim. Stadium IV je
definovano diseminovanym postizenim jednoho nebo vice extranodalnich organda,

které neni vysvétlitelné pfimym Sifenim z regionalné postizenych lymfatickych
uzlin.12.64.68

Extranodalni postizeni se nejCastgji vyskytuje u pacientd s pokro€ilym onemocnénim
a maze postihovat fadu organ(, zejména plice, jatra, kostni dfen a skelet. Vzhledem k
Castému postizeni mediastinalnich uzlin muze byt plicni nalez také disledkem pfimého
prorustani mediastinalniho tumoru do plicniho parenchymu. Postizeni kostni difené je
typicky spojeno s pokroCilym onemocnénim a dalSimi nepfiznivymi Klinickymi
charakteristikami, véetné B-symptomu, anémie a leukopenie.®870 Jaterni postizeni se
rovnéz vyskytuje predevSim u pokrocCilého diseminovaného onemocnéni. Nalez
primarni extranodalniho HL bez sou€asného postizeni lymfatickych uzlin je velmi
vzacny.58

VySetfeni PET/CT zasadné zvySilo pfesnost stanoveni rozsahu onemocnéni HL a
umoznilo spolehlivéjsi detekci extranodalnich Iézi. PET/CT ma také vysokou senzitivitu
pro prikaz metabolicky aktivniho postizeni kostni dfené, a proto u nové
diagnostikovanych pacienti s HL pfi dostupnosti kvalitniho PET/CT vySetfeni neni
rutinni biopsie kostni dfené jiz obecné indikovana. Vyjimkou mohou byt nejednoznacné
nalezy nebo situace, kdy by histologické ovéfeni mélo vyznam pro diagnostiku Ci
léGebny postup.269-7

Z prognostického hlediska je extranodalni postiZzeni spojeno zejména s pokrocilejSim
onemocnénim a v nékterych souborech také s horsimi Ié€ebnymi vysledky. Je vSak
nutné odliSovat samotnou pfitomnost extranodalniho postizeni od jeho prognostického
vyznamu v ramci jednotlivych klinickych situaci. U pokrocilého HL je zakladnim

historickym prognostickym nastrojem International Prognostic Score (IPS), jehoz
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soucasti je sedm nepfiznivych faktorl: muzské pohlavi, vék =45 let, stadium IV,
albumin <40 g/I, hemoglobin <105 g/, leukocyt6za =215 x 1079/l a lymfopenie <0,6 x
1079/l nebo <8 % leukocytl. Extranodalni postiZzeni tedy neni samostatnou soucasti
IPS.%6

Vyznam extranodalniho postiZzeni mize byt dale ovlivnén jeho rozsahem a lokalizaci.
PostiZzeni kostni difené pfedstavuje manifestaci pokroc€ilého onemocnéni a je spojeno
s nékterymi dalSimi nepfiznivymi klinickymi charakteristikami. Vassilakopoulos et al.
identifikovali jako prediktory postizeni kostni dfené zejména B-symptomy, stadium
I/IV, anémii, leukopenii, vy$Si vék a postiZzeni inguinalnich &i ilickych lymfatickych
oblasti.”® Prognosticky vyznam jednotlivych extranodalnich lokalizaci vSak neni
jednotny a mél by byt posuzovan v kontextu celkového rozsahu onemocnéni a dalSich

rizikovych faktoru. 72

Predlozena retrospektivni studie méla za cil podrobné&ji posoudit prognosticky vyznam
extranodalniho postizeni u HL a zjistit, zda se IéCebné vysledky liSi v zavislosti na
konkrétni lokalizaci extranodalniho postizeni. Analyza souboru 855 nemocnych s HL
ukazala, Ze pfitomnost extranodalniho postiZzeni byla spojena s vyznamné horSim
prezitim bez progrese i celkovym prezitim, pfiCemz nejméné pfiznivy prubéh byl
pozorovan u nemocnych s jaternim postizenim. Studie tak pfispéla k presnéjSimu
vymezeni prognostického vyznamu extranodalniho postizeni a ukazala, Ze jeho
prognosticky dopad neni uniformni, ale mize se liSit podle rozsahu a konkrétni
lokalizace postizené tkané. Tyto poznatky podporuji potfebu zohlednéni charakteru
extranodalniho postizeni pfi stratifikaci rizika a individualizaci 1é¢ebného pfistupu u

nemocnych s HL. Podrobnosti jsou uvedeny v nasledujici vlozené publikaci.
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Abstract

Extranodal involvement in Hodgkin’s lymphoma (HL) indicates advanced disease and may negatively impact survival.
This study aimed to evaluate the influence of extranodal involvement on progression-free survival (PFS) and overall
survival (OS) and to identify prognostic factors related to extranodal site involvement. This retrospective study analyzed
855 HL patients treated at a single oncology center from 2003 to 2020. Extranodal involvement was identified using
imaging (CT, PET/CT, MRI) and biopsy. Survival outcomes were assessed with Kaplan-Meier estimates, and Cox regres-
sion was used to evaluate prognostic factors for PFS and OS. Extranodal involvement was present in 181 patients, most
commonly affecting the lungs, bone, liver, and chest wall. Extranodal involvement significantly reduced both PFS and
OS in patients (p<0.02 for PFS; p<0.001 for OS). The worst survival among 181 patients with extranodal involvement
was observed in patients with liver involvement (p=0.004 for PFS; p<0.033 for OS). Conversely, localized involvement
of extralymphatic sites showed better survival outcomes (p<0.009 for PFS; p<0.011 for OS). Age, gender, clinical stage,
and radiotherapy were independent survival predictors. Extranodal involvement, particularly in the liver, is associated
with poorer outcomes in HL patients. These results emphasize the importance of tailoring treatment strategies based on
the specific sites of extranodal disease.

Keywords Hodgkin’s lymphoma - Extranodal disease - Overall survival - Progression-free survival

1 Introduction certain that a combination of genetic, environmental, and
immunological factors are involved. Remarkably, indi-
Hodgkin’s lymphoma (HL) is a malignant tumor that arises viduals with a family history of HL have a slightly higher
primarily in the lymphatic system. Although the exact etiol-  risk of developing the disease. In addition, a weakened
ogy of this disease has not yet been fully elucidated, it is  immune system, whether due to inherited diseases, HIV/
AIDS or immunosuppressive drugs, is considered a risk fac-
tor. Certain herpes viruses have also been associated with
an increased risk of Hodgkin’s lymphoma, particularly in
young adults [1-4].
The therapeutic approach for HL has evolved consider-
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efficacy by specifically targeting tumor cells - particularly
in the nodular lymphocyte predominant HL, while immu-
notherapies such as checkpoint inhibitors like nivolumab
and pembrolizumab have shown promise in the treatment
of refractory or relapsed Hodgkin lymphoma. In addition,
stem cell transplantation may be considered in some cases
and offers a potentially curative option [5-7].

HL has a generally favourable prognosis, especially
when diagnosed at an early stage. Five-year survival rates
for Hodgkin lymphoma exceed 80% and many patients
achieve long-term remission or are considered cured. How-
ever, the prognosis varies depending on factors such as the
stage at the time of diagnosis, the presence of certain risk
factors and the patient’s performance status.

HL mainly affects lymph nodes, most often supradia-
phragmatic. Extranodal involvement is observed more
frequently in non-Hodgkin’s lymphoma [8]. Extranodal
involvement in HL often indicates advanced disease. The
frequency of extranodal involvement is less common in HL
and ranges from 15% to 30% of cases [9]. The presence
of extranodal involvement also poses a challenge in the
management of HL patients. Although less common than
lymph node disease alone, extranodal manifestations can
significantly affect the therapeutic approach and survival of
patients [4, 10—13].

Therefore, the aim of this study was to evaluate the sur-
vival of a large consecutive cohort of HL patients treated at
our institution, both in relation to the presence of extrano-
dal involvement in general and with respect to the specific
site affected. Furthermore, we aimed to identify factors that
stratify patients into low- and high-risk groups with respect
to recurrence and overall prognosis. Such stratification may
be clinically relevant for optimizing therapeutic strategies,
as patients with high-risk features could benefit from more
intensive treatment approaches, while those with favorable
prognostic profiles might be considered for less intensive
regimens in order to minimize treatment-related toxicity. In
this context, improved risk stratification could help to avoid
both under-treatment of high-risk patients and unnecessary
over-treatment of low-risk individuals.

2 Patients and Methods
2.1 Patients

This study consecutively enrolled 855 patients treated at the
Department of Internal Medicine, Hematology and Oncol-
ogy at University Hospital Brno in the period 2003-2020.
Subjects older than 15 years of age with histological evi-
dence of newly diagnosed HL were eligible for the study.
The ratio of men and women enrolled corresponds to the
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normal incidence of the disease. Patients were followed up
until May 2020, for at least 3 years. The median follow up
of all patients enrolled in the study is 5.6 years (patients
with/without extranodal involvement 5.0/5.8 years). On
June 1, 2020, the data were accessed for research purposes.
The authors did not have access to information that could
identify individual study participants.

As the relevant pilot data were not available prior to the
statistical analyses and this is a real-world evidence study, a
formal power analysis could not be performed in advance.
The study was discussed with our institutional ethics com-
mittee. It was conducted according to the guidelines of the
Declaration of Helsinki and other applicable international
standards and regulations that protect human rights, dignity,
safety of research participants and ensure scientific integrity.

Assessment of treatment response was performed for
patients who had not undergone PET scanning according
to 2007 criteria, and for patients who had undergone PET
scanning according to 2014 criteria [14—16]. Overall sur-
vival (OS) was defined as the interval from the date of diag-
nosis to the death from any cause. All enrolled patients were
diagnosed by at least two experienced pathologists. Demon-
stration of extranodal involvement was based on contrast-
enhanced computed tomography (CT), positron emission
tomography-CT (PET/CT) or magnetic resonance imaging
(MRI) in combination with biopsy, and then assessed by
clinicians.

Patients in our cohort were treated according to the pro-
tocols of the German Hodgkin’s Study Group (GHSG); ini-
tial therapy for localized stages was based on ABVD and
IF RT, for intermediate stages on ABVD or a combination
of ABVD and BEACOPP regimens supplemented with IF
RT, depending on the presence of risk factors. Advanced
stages were treated with BEACOPP escalated; RT was
performed only in patients with active residual after com-
pletion of chemotherapy. Patients who did not achieve a
complete remission after initial therapy or were shown to
have relapsed classical Hodgkin lymphoma (cHL) were
referred for autologous hematopoietic cell transplantation.
A total of 61 patients received salvage therapy, 2 cycles of
DHAP or ICE, followed by high-dose BEAM chemother-
apy followed by autologous bone marrow transplantation.
Chemotherapy regimens: ABVD (Adriamycin, Bleomycin,
Vinblastine, Dacarbazine), BEACOPP (Cyclophosphamide,
Adriamycin, Etoposide, Procarbazine, Prednisone, Vincris-
tine), DHAP (cisPlatinum, Cytosar, Dexamethasone), ICE
(Ifosfamide, Carboplatin, Vepesid), BEAM (Carmusitin,
Cytosar, Etoposide, Melphalan).

The median age of patients at diagnosis was 37 years (27
years, 56 years; 25% and 75% quantile, respectivelly). Five-
year survival was achieved in 87.1% of patients (0.847—
0.896; 95% Confidence Interval), and 15-year survival was
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Table 1 Clinicopathological characterization of the whole patient
cohort

Table 4 Presence of extranodal involvement in patients at different
clinical stages of the disease

Monitored N=855 %
parameter
Clinical stage I 66 7.72
I 411 48.07
I 221 25.85
v 154 18.01
NA 3 0.35
Gender F 394 46.08
M 461 53.92
Radiotherapy Yes 404 47.25
No 430 50.29
NA 21 2.46
Stem cell Yes 61 7.14
transplantation
Chemotherapy Yes 855 100
Type Nodular Sclerosing 467 54.62
Mixed Cellularity 254 29.71
Lymphocyte Rich 59 6.90
NLPHL 32 3.74
Lymphocyte Depleted 13 1.52
NA 26 3.04
Extranodal Yes 181 21.17
involvement
Number of extrano- 1 131 72.38
dal involvements 2 40 22.10
3 and more 10 5.52

Table 2 Anatomical localization of extranodal involvement in 181 HL

patients

Localization N* %
Grow from anywhere around 56 18
Lung 77 25
Pleura 5 2
Liver 36 12
Oesophagus 2 1
Kidneys 2 1
Skeleton 41 13
Bone marrow 20 7
Pericardium 2 1
Breast 2 1
Chest wall 34 11
Muscle 8 3
Pancreas 2 1
Thyroid gland 2 1
Other 15 5

*The table lists both unique and concurrent instances of intrano-
dal involvement in various anatomical regions. A total of 304 such
instances were identified in the cohort

Table 3 PET/CT scans and extranodal involvement

Extranodal HL ~ Non extranodal HL ~ p-value
No. of patients 181 674
PET/CT 62 (15.8%) 330 (84.2%) 0.229
Non PET/CT 88 (19.0%) 375 (81.0%)

Extranodal disease Clinical stage

1 11 nI+1v
Yes 2 25 154
No 64 386 221

achieved in 76.7% of patients (0.725-0.810; 95% CI). A
more detailed summary of the clinicopathological data of
the enrolled patients is summarized in Table 1.

2.2 Statistical Analysis

All statistical analyses were performed in R [17] and its
additional package survival [18]. Statistical significance
was set at level alpha = 0.05. Univariate and multivariate
Cox regression models were applied in order to confirm the
effect of specific predictors on overall and progression-free
survival. Kaplan-Meier curves were used for visualiza-
tions of survival data. The y2 test was used to determine the
difference in the proportion of PET scans and extranodal
involvement.

3 Results

Of the total consecutive cohort evaluated, extrano-
dal involvement was present in 181 (21.17%) patients
(Table 2). Of the 855 patients, 392 (45.8%) were examined
by PET/CT. There was no significant difference in the inci-
dence of extranodal involvement in patients who underwent
PET/CT compared to patients who did not undergo PET/
CT (Table 3). The median age of patients with extranodal
involvement at diagnosis was 41 years (29 years, 60 years;
25% and 75% quantile, respectivelly). Five-year survival
was achieved in 78.9% of patients (0.728-0.856; 95% CI),
and 15-year survival was achieved in 69.3% of patients
(0.604-0.795; 95% CI).

Extranodal involvement occurred in our cohort with
high significance mainly in patients in clinical stage IV
(p<2.2*10-16; Fisher exact test). Furthermore, sporadic
occurrence was observed in patients in clinical stages I and
II (Table 4).

By statistics evaluating our clinical data, we further
demonstrated that extranodal manifestation significantly
impaired PFS (p<0.02, logrank test; HR=1.461, 95% CI
1.062-2.012) and OS (p<0.00023, logrank test; HR =1.999,
95% CI 1.383-2.890) in HL patients (Fig. 1).

Of all the observed and evaluated extranodal lesions,
liver involvement significantly worsens PFS (p=0.004,
HR=2.352) and OS (p=0.033, HR=2.011) (Fig. 2A,
B). Five-year survival was achieved in 70.7% of patients
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1.00 1.00
075 075
o L
£ 050 p<0.02 @ o50 p <0.00023
025 Extranodal involvement 0.25 Extranodal involvement
’ = Yes median PFS = not reached = Yes median PFS = not reached
= No median PFS = not reached = No median PFS = not reached
0.00 0.00
0 3 6 9 12 15 0 3 6 9 12 15
time in years time in years
Number at risk Number at risk
= 181 108 73 44 20 4 - 181 118 78 48 21 4
- 574 460 293 178 83 16 - 574 496 326 204 100 21

Fig. 1 Kaplan—Meier survival curves estimating PFS (A) and OS (B) in patients with HL according to extranodal manifestation of disease

(0.569-0.878; 95% CI), and 15-year survival was achieved
in 56.7% of patients (0.406—0.792; 95% CI). Five-year PFS
was achieved in 59.3% of patients (0.449-0.784; 95% CI),
and 15-year PFS was achieved in 46.9% of patients (0.318—
0.691; 95% CI).

An adverse trend in OS was also observed in the case
of extranodal bone marrow involvement (p=0.065,
HR=2.075). In contrast, a better prognosis was observed
in patients in whom we observed localized involvement of
an associated extralymphatic organ or site (PFS — p=0.009,
HR=0.367; OS — p=0.011, HR=0.323) (Fig. 2C, D). Five-
year survival was achieved in 89.8% of patients (0.815—
0.988; 95% CI), and 15-year survival was achieved in
86.9% of patients (0.774-0.975; 95% CI). Five-year PFS
was achieved in 86.4% of patients (0.774-0.964; 95% CI),
and 15-year PFS was achieved in 83.4% of patients (0.733—
0.949; 95% CI).

Extranodal involvement of other organs studied did not
have a statistically significant effect on the prognosis of HL
patients (Table 5). Similarly, multiple organ involvement
did not impair OS or PFS compared with patients in whom
extranodal involvement of only one organ was observed.

By applying the stepwise selection procedure on Cox
model for OS, we identified the best linear combination of
independent predictors, which minimizes Akaike informa-
tion criteria. The best model consists of extranodal involve-
ment, age at diagnosis, gender, and radiotherapy (Table 6).

@ Springer

4 Discussion

Our study provides new insights into the impact of extra-
nodal involvement on the prognosis of patients with HL.
The predominance of extranodal manifestations in patients
in clinical stage IV, as demonstrated by our data, is consis-
tent with staging for HL based on the Lugano classification,
which is derived from the Ann Arbor staging system.

Our data also show that extralymphatic HL infiltration
occurred most frequently in the lungs, followed by bone,
liver, and chest wall. This observation is broadly consistent
with data in the available literature, although some studies
mention the liver as the most common site of dissemination
[19, 20]. However, it is possible that preferential dissemina-
tion sites may vary across age groups. Specifically, Sharma
et al. reported in their study that the most common site was
the liver (23.07%), followed by bone (15.38%) and the lung
(15.38%). Also of interest in this study is the number of
extranodal diseases, which accounted for 50% of the total
cases studied. This is more than twice as high compared to
the 21% observed by us. However, this study was conducted
on elderly Indian patients with a mean age of 65.9 years at
diagnosis and a range of 60-80 years. The patients in our
study were much younger with a median age at diagnosis
of 37 years. In addition, the study discussed here followed
only 13 patients with extranodal disease, a very small num-
ber for relevant statistical evaluation of the data [21]. Our
study further confirmed that extranodal manifestation sig-
nificantly worsens both PFS and OS in HL patients. This
could correspond to the fact that extranodal involvement is
one of the negative prognostic factors in early stages of HL
and to the fact that extranodal involvement in our study was
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Fig. 2 Kaplan—Meier survival curves estimating PFS (A) and OS (B) in patients with HL according to extranodal manifestation in the liver; and
PFS (C) and OS (D) according to localized involvement of an associated extralymphatic organ or site

predominantly observed in stage IV, which is itself associ-
ated with worse survival. According to the American Can-
cer Society, the five-year relative survival rates are 92% for
localized HL and only 82% for more advanced HL that has
reached distant organs such as the lungs or bone marrow.
For all patients is the five-year relative survival rates 88%,

94

which corresponds with our consecutive cohort where this
survival rate is 87.1% [6, 22, 23].

Interestingly, we observed a significantly worse progno-
sis in patients with extranodal liver involvement. To date,
not many studies have been published addressing this phe-
nomenon. However, an older paper from 1991 conducted on
56 patients with a diagnosis of Stage IV Hodgkin’s disease
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Table 5 Impact of extranodal involvement of different anatomical regions on the prognosis of patients with HL

Localization Progression-free survival Overall survival
HR 95% C1 p-value HR 95% C1 p-value

*Localized Involvement 0.367 0.172 0.781 0.009 0.323 0.136 0.769 0.011
Lung 0.699 0.393 1.245 0.224 0.787 0.420 1.472 0.453
Pleura 0.000 0.000 Inf 0.997 0.000 0.000 Inf 0.997
Liver 2.352 1.324 4.179 0.004 2.011 1.058 3.823 0.033
Oesophagus 2.447 0.337 17.770 0.376 3.252 0.445 23.750 0.245
Kidneys 0.000 0.000 Inf 0.997 0.000 0.000 Inf 0.997
Skeleton 0.822 0.400 1.692 0.595 0.645 0.272 1.534 0.322
Bone marrow 1.635 0.766 3.489 0.204 2.075 0.957 4.500 0.065
Pericardium 1.682 0.232 12.190 0.607 1.853 0.254 13.500 0.543
Breast 0.000 0.000 Inf 0.997 0.000 0.000 Inf 0.997
Chest wall 0.538 0.229 1.262 0.154 0.553 0.217 1.409 0.214
Muscle 1.015 0.246 4.184 0.983 0.584 0.080 4.259 0.596
Pancreas 2.054 0.282 14.970 0.478 2.774 0.377 20.400 0.316
Thyroid gland 2.007 0.277 14.560 0.491 2.089 0.287 15.220 0.467
Other 0.621 0.151 2.555 0.509 0.809 0.195 3.355 0.770

*Localized involvement of an associated extralymphatic organ or site; Inf — Infinity

Table 6 Cox regression analysis of the effect of common Hodgkin’s lymphoma prognostic factors on survival of HL patients

Evaluated parameter Univariate Cox model

Multivariate Cox model

HR 95% Cl p-value p-value (logrank) HR 95% Cl p-value ~ Model p (logrank)
Extranodal manifestation (ref. No) <2%10716
Yes 1.999 1.383 2.890 0.0002 1.460 0.967 2.203 0.0718
Clinical stage (ref. I)
I 0392 0211 0.729 0.0031 2*1078
111 1.095 0.596 2.014 0.770
v 1.471 0.798 2.712 0.217
Age at diagnosis 1.086 1.074 1.099 <2%10716 1.085 1.072 1.098 <2%107'
Sex (ref. Female)
Male 1.681 1.17 2416 0.004 1.503 1.037 2.177 0.0313
Radiotherapy (ref. Yes)
No 2.733 1.856 4.024 1*1077 1.628 1.072 2.472 0.0222

involving the liver shows that 10-year survivals were 44%,
and progression-free survival were 42% (median follow-up
81 months) [24]. This appears to be a worse prognosis in the
context of another study from the same period, which, when
analysing the effect of chemotherapy dose reductions on
survival in patients with advanced Hodgkin’s disease stage
IIIB or IV treated by three double courses of C-MOPP/
ABVD chemotherapy followed by either one further course
or by involved-field radiotherapy, described a survival of
90% at 9 years of follow-up in group receiving full dose
therapy, and 40% probability of survival at 6 years of fol-
low-up in patients treated with reduced doses. However, this
study included only 35 patients [25]. The poor prognosis
of patients with liver involvement is also consistent with
some case reports describing vanishing bile duct syndrome
(VBDS) and idiopathic cholestasis (IC) in association with
HL. They are rare HL-associated conditions that often lead
to liver failure and death. In Ballonoff et al. statistical analy-
sis, 1-year OS and liver failure-free survival (LFFS) were
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43% and 41%, respectively, in thirty-seven cases of HL-
related VBDS/IC (median follow-up was 7 months) [26].

On the other hand, bone marrow involvement, which in
our study was also associated, although not statistically sig-
nificant, with a worse prognosis in HL patients, has not been
described in this context so far. There are studies, which
have shown that the prognosis of HL patients with primary
bone marrow involvement does not appear to be worse
than that of other advanced-stage HL patients; and that the
duration of complete remission and survival in HL patients
with bone marrow involvement can be comparable to those
without bone marrow involvement [27, 28]. However, both
of these studies are very old and do not reflect the current
management of patients with HL.

Conversely, local spread of HL to surrounding organs
from lymph nodes represents a better prognosis, suggesting
that direct local spread may be less indicative of systemic
disease and more amenable to curative treatment modali-
ties. Distant progression in HL, which involves the spread
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of tumor to distant parts of the body like the lungs, liver, or
bone marrow, has been associated with lower survival rates
compared to localized or regional progression. The 5-year
relative survival rates for HL based on the extent of spread
are as follows: localized (93%), regional (95%), and distant
(83%) [23].

Although univariate Cox regression analysis of the effect
of common HL prognostic factors on patient survival con-
firmed extranodal manifestation as significant, multivariate
analysis showed a stronger effect of clinical stage, age and
gender of patients on survival. The effect of radiotherapy on
prognosis was also observed. However, this observation is
probably related to the fact that radiotherapy is most often
indicated in patients in clinical stage I and II rather than to
a biological effect.

Although local progression may not always predict a bet-
ter prognosis compared to distant progression, understand-
ing the specific sites and extent of disease spread is essential
for tailoring treatment strategies and predicting patient out-
comes in HL.

5 Conclusion

In conclusion, our study demonstrates a significant impact
of extranodal involvement on survival outcomes in HL
patients, with liver involvement being of particular prog-
nostic importance. Overall, our observations point to the
need for a more nuanced approach to prognosis and treat-
ment planning with respect to specific sites of extranodal
involvement. By further refining our knowledge of prognos-
tic factors in HL, we can improve patient stratification and
outcomes in this complex disease.
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7. Exprese PD-L1 u Hodgkinova lymfomu a jeji prognosticky vyznam

Exprese ligandu programované bunécné smrti 1 (Programmed Death-Ligand 1, PD-
L1) pFedstavuje u klasického Hodgkinova lymfomu (cHL) jeden z kliCovych
mechanismu nadorového imunitniho uniku. ZvySena exprese PD-L1 je u cHL
podminéna pfedevSim genetickymi alteracemi v oblasti 9p24.1, které vedou ke
zvysSeni poctu kopii genu CD274 a nasledné k jeho zvySené expresi. Ke zvySené
expresi PD-L1 mohou pfispivat také dalSi mechanismy, vCetné konstitutivni aktivace
transkripéniho faktoru AP-1 a u EBV-pozitivnich pfipadd signalizace zprostfedkované

virovym proteinem LMP1 (latent membrane protein 1).7374

Vyznamnym biologickym znakem nadorovych Hodgkinovych a Reedovych—
Sternbergovych bunék (HRS) je velmi Castd pfitomnost genetickych alteraci v
chromozomalni oblasti 9p24.1. Tato oblast obsahuje geny CD274 (PD-L1) a
PDCD1LG2 (PD-L2) a rovnéz gen JAK2. Analyza pomoci fluorescencni in situ
hybridizace (FISH) prokazala alterace lokusu 9p24.1 u 105 ze 108 (97 %) nové
diagnostikovanych pfipadd cHL, pficemz 5 % pfipadl vykazovalo polysomii, 56 %

zvySeni poctu kopii lokusu (copy gain) a 36 % jeho amplifikaci.'®

Genetické zmény v oblasti 9p24.1 zvySuji expresi PD-L1 a PD-L2 prostfednictvim
zvySeni genové davky a souCasné aktivaci signaini drahy JAK/STAT v dusledku
zvySené aktivity JAK2, ktera dale podporuje transkripci CD274.'873 U EBV-
pozitivnich pfipadd cHL muze ke zvySené expresi PD-L1 pfispivat rovnéz virovy
protein LMP1 prostfednictvim aktivace transkripéniho faktoru AP-1 a signalni drahy
JAK/STAT. Tento mechanismus muze vést k vysoké expresi PD-L1 i v pfipadech bez

vyrazného zvys$eni poctu kopii lokusu 9p24.1.74

Za charakteristicky biologicky rys cHL lze povazovat vyrazny nepomér mezi malym
zastoupenim malignich Hodgkinovych a Reedovych—Sternbergovych bunék (HRS),
které tvofi zpravidla méné nez 5 % nadorove tkané, a rozsahlym nadorovym
mikroprostfedim, jez tvofi pfevaznou ¢ast nadorové masy. Toto mikroprostredi je
tvofeno heterogennim infiltratem, zejména T-lymfocyty, makrofagy, B-lymfocyty,
eozinofily a dalSimi bunénymi populacemi. Exprese PD-L1 a PD-L2 na HRS
burikach a PD-L1 na nékterych burikdch nadorového mikroprostiedi, zejména
makrofazich, pfispivaji k vytvofeni imunosupresivniho mikroprostfedi. Vazba téchto

ligandu na receptor PD-1 exprimovany na T-lymfocytech aktivuje inhibi¢ni signalizaci,
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ktera tlumi jejich aktivaci a efektorové funkce a pfi dlouhodobé stimulaci maze
pfispivat k jejich funkénimu vyCerpani a potlaCeni protinadorové imunitni

odpovédi.'867

Z prognostického hlediska je vyznamna zejména amplifikace lokusu 9p24.1. U
pacientl Ié€enych konvencénimi I1éEebnymi rezimy byla vy$Si mira alteraci 9p24.1
spojena s vysSSi expresi PD-L1 a PD-L2 a s nepfiznivéjSimi klinickymi
charakteristikami. V analyze Roemera et al. byla amplifikace 9p24.1 CastéjSi u

pacientl s pokrocilym stadiem onemocnéni a byla spojena s vyznamné kratSim

prezitim bez progrese (PFS). V univariacni analyze pfedstavovala amplifikace 9p24.1
vyznamny prognosticky faktor, zatimco v multivariani analyze jeji prognosticky
vyznam nedosahl statistické vyznamnosti. '® Je v8ak vhodné =zdlraznit, Ze
prognosticky vyznam jednotlivych typu alteraci 9p24.1 neni zcela jednoznacény a
nelze jej interpretovat pouze jako pfimy vztah mezi intenzitou exprese PD-L1 a

klinickym prabéhem onemocnéni.

To, co predstavovalo v éfe konvencni chemoterapie jeden z biologickych
mechanismu spojenych s nepfiznivym pribéhem onemocnéni, se v éfe moderni
imunoonkologie stalo vyznamnym terapeutickym cilem. Biologicka zavislost cHL na
signalizaci PD-1/PD-L1 pfispiva k jeho mimoradné citlivosti k inhibitordm kontrolnich
bodu imunitni odpovédi. Monoklonalni protilatky blokujici receptor PD-1, zejména
nivolumab a pembrolizumab, vedou u relabujiciho a refrakterniho cHL k vysokému
podilu 1éCebnych odpovédi a vyznamné zmeénily |éCebny pfistup k tomuto
onemocnéni.”7% VVyznamny dal$i posun predstavovalo zafazeni inhibitorti PD-1 do
prvoliniové |écby pokroCilého cHL. Studie S1826 prokazala u nové
diagnostikovanych pacientd s pokroCilym cHL lepSi vysledky IéEby pfi kombinaci
nivolumabu s AVD ve srovnani s brentuximabem vedotinem v kombinaci s AVD,
¢imz dale posilila vyznam osy PD-1/PD-L1 jako terapeutického cile v primarni IéCbé
cHL.?5
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Pfiblizné u 15-20 % nemocnych s cHL nedochazi navzdory u€inné primarni Iécbé k
dosazeni dlouhodobé remise. V nasledujici studii jsme hodnotili prognosticky vyznam
exprese PD-L1 na Hodgkinovych—Reedovych—Sternbergovych burikach ve vztahu k
riziku relapsu a primarné refrakternimu onemocnéni. Retrospektivni analyza 120
nemocnych s dlouhodobym medianem sledovani 90 mésicu prokazala vyznamnou
asociaci mezi pozitivitou PD-L1 a nepfiznivym priabéhem onemocnéni. Zatimco ve
skupiné s negativni expresi PD-L1 nebyl béhem sledovani zaznamenan zadny relaps
ani refrakterni pribéh, u nemocnych s pozitivni expresi PD-L1 doSlo k relapsu nebo
rozvoji refrakternihno onemocnéni u 28 % pacientu. Studie tak pfispéla k objasnéni
prognostického vyznamu exprese PD-L1 u cHL a podpofila predpoklad, Zze PD-L1
mulze predstavovat potencialné relevantni biomarker pro identifikaci nemocnych s

vySSim rizikem selhani primarni [éCby.
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Abstract. Background/Aim: Classic Hodgkin lymphoma
(cHL) is a common B-cell malignancy. Despite the good
prognosis, in some patients the standard chemotherapy and
radiotherapy-based approach does not lead to long-term
remission, and these patients eventually relapse. Moreover,
the primary refractory disease is of major concern regarding
prognosis. Patients and Methods: We performed a
retrospective analysis to evaluate PD-LI expression in 120
patients with classic Hodgkin lymphoma (cHL). Results: The
median follow-up of the entire group of patients was 90
months. After initial therapy, complete remission was
achieved in 113 (94.2%) patients. During the follow-up, cHL
relapse/refractory disease was reported in 23 (19.2%) cases.
A total of five patients died during the follow-up period, all
Jfrom cHL progression. When determining PD-LI expression
on Hodgkin-Reed-Sternberg (HRS) cells, 37 cases (30.8%)
were evaluated as negative, and 83 cases (69.2%) as
positive. In the negative PD-LI group of patients, no cHL
relapselrefractory disease was observed during the follow-
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up period. However, out of 83 patients with positive PD-LI
expression on HRS cells, 23 (28%) showed relapse/refractory
cHL. Conclusion: A significantly higher relapse rate was
observed in PD-LI-positive patients diagnosed with cHL.

Classic Hodgkin lymphoma (cHL) is a common B-cell
malignancy with increased incidence in young adults and
those over 55 years of age (1, 2). Generally, cHL has a good
prognosis; long-term remission is achieved in more than 80%
of patients (3). Unfortunately, in some patients, the standard
chemotherapy and radiotherapy-based approach does not
lead to long-term remission, and these patients eventually
relapse. Moreover, the primary refractory disease is of major
concern regarding prognosis (4, 5).

Compared to other lymphomas, cHL contains only a small
portion of malignant cells in the tumor — Hodgkin-Reed-
Sternberg (HRS) cells account for only 1% - 5% of all cells
(6). The tumor microenvironment (TME) mostly consists of
inflammatory cells, including macrophages, CD4+ and CD8+
T cells, plasma cells, eosinophils, and other immune cells (7).
However, antitumor immune response is limited. Furthermore,
studies show that HRS cells produce molecules that limit the
efficacy of T cell-mediated antitumor immune responses (6).
Primary HRS cells express programmed cell death-1 ligand 1
(PD-L1), while tumor-infiltrating T cells express the
coinhibitory receptor, programmed death-1 (PD-1) (7).

The function of PD-1 signaling is to abrogate T cell-
mediated immune responses (8). Normal antigen-presenting
cells, dendritic cells, and macrophages express PD-1 ligands
that bind PD-1 receptors on activated T cells (8, 9). Then, PD-
1 receptor recruits the Src homology 2 domain—containing
protein tyrosine phosphatase-2 (SHP2) phosphatase to the
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immunoreceptor complex, resulting in attenuation of T cell
receptor (TCR) signaling (8). PD-1 signaling results in “T-cell
exhaustion”, temporary inhibition of activation and
proliferation that can be reversed if the PD-1 signal is
removed (2). Furthermore, PD-L1 promotes the induction and
maintenance of PD-1+ T regulatory cells (10).

The PD-1 ligand genes, PD-L1 and PD-L2, are located on
chromosome 9p24.1 and are separated by 42 kilobases (8).
Interestingly, a regulatory loop with Janus kinase 2 (JAK2),
located upstream from PD-LI on 9p24.1, further augments
PD-1 ligand expression in cHL (5).

PD-1 ligands are over-expressed and associated with an
unfavorable prognosis in tumors, including malignant melanoma,
colon, pancreatic, hepatocellular, and ovarian carcinomas (11—
16). They are also associated with increased tumor invasiveness
(17). In cHL, amplification of the PD-LI and PD-L2 genes in
HRS cells has been described (18). Subsequently, inhibition of
PD-1 receptor binding to PD-L1 will potentiate the anti-tumor
T-cell response and consequently reduce tumor growth (19) and
thus may alter the current poor treatment outcomes in patients
with relapsed/refractory cHL (20).

In our study, we analyzed the expression of PD-L1 on
HRS cells and compared its level with treatment outcome of
patients with cHL.

Patients and Methods

Clinical characteristics. Between 2003 and 2016, 713 individuals were
diagnosed with cHL at the Department of Internal Medicine,
Hematology and Oncology, University Hospital Brno, Czech Republic.
Out of these, 120 patients were included into this retrospective
analysis. Before entering the study, all patients signed the informed
consent form approved by the Ethics committee of the hospital in
accordance with the current version of the Helsinki Declaration.

The analyzed group of patients consisted of 52 (43.3%) men and
68 (56.7%) women treated and monitored by members of cHL
group of our department. The median age at diagnosis was 30.5
years (range=14-76). Most patients were diagnosed at clinical stages
I and II (78 patients, 65%), whereas 53 (35%) were diagnosed at
stages III and IV. There were 85 cases of nodular sclerosis subtype
(NSCHL), 27 cases of mixed cellularity subtype (MCCHL), 7 cases
of lymphocyte-rich subtype (LRCHL), and 1 case of lymphocyte
depleted subtype (LDCHL). The median follow-up period of our
patients was 90 months (range=40-166 months). A total of five
patients died during the follow-up of the group from cHL
progression. All clinical characteristics are described in Table I.

Treatment protocols. Patients were treated with ABVD (doxorubicin,
bleomycin, vinblastine and dacarbazine) or BEACOPP (bleomycin,
etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine,
and prednisone) chemotherapy regimens; 71 (59.2%) of the patients
underwent radiotherapy as part of the initial treatment. cHL patients
in localized stage I and II without risk factors were treated with 2
cycles of ABVD and radiotherapy (20-30 Gy IF). Patients with
localized clinical stage I and II and risk factors were treated by 4
cycles of ABVD or 2 cycles of BEACOPP and 2 cycles of ABVD.

Table 1. Clinical characteristics of classic Hodgkin lymphoma (cHL)
patients (N=120).

Sex Men 52 433%
‘Women 68  56.7%
Age at diagnosis Median 30.5 years
Minimum 14 years
Maximum 76  years
HL type NSCHL 85 70.8%
MCCHL 27 22.5%
LRCHL 7 5.8%
LDCHL 1 0.8%
Stage I 9 7.5%
11 69  57.5%
I 23 192%
v 19 158%
B symptoms Yes 53 442%
No 67 558%
Extranodal invasion Yes 25  20.8%
No 95  792%

NSCHL: Nodular sclerosis ¢cHL; MCCHL: mixed cellularity cHL;
LRCHL: lymphocyte-rich cHL; LDCHL: lymphocyte depleted cHL.

Table II. Treatment response in classic Hodgkin lymphoma patients.

Disease state
two categories

Disease state
three categories

Number (%) Number (%)

No relapse 97 (80.8%) No relapse 97 (80.8%)
Early relapse 10 (8.4%) Relapse 23 (19.2%)
Late relapse 13 (10.8%)

After chemotherapy, all patients were treated with radiotherapy (30
Gy IF). Risk factors were defined based on current risk criteria (21).
Patients in advanced stages III and IV were treated with 6-8 cycles
of BEACOPP. Radiotherapy (30 Gy IF) was used only in cases when
vital residuum remained after chemotherapy.

Immunohistochemistry. An antibody to PD-L1 (clone 28-8, dilution
1:100, Abcam, Cambridge, UK) was wused in the
immunohistochemical analysis. Clone 28-8 specifically reacts with
extracellular domain of huPD-L1. The antibody was diluted using
Ventana Antibody Diluent (Roche, Basel, Switzerland). Formalin-
fixed, paraffin-embedded 4 um thick sections from all tissue blocks
were cut. The staining was performed using VENTANA BenchMark
ULTRA (Roche). The protocol was based on heat induced epitope
retrieval (HIER) in cell conditioning 1 (CC1), efficient heating time
was 72 min. Then, slices were incubated for 16 min with the
primary antibody and the linker for 4 min. OptiView (Ventana
Medical Systems, Tucson, AZ, USA) was used as detection Kkit.
Following dehydration in a series of concentrated ethanol baths and
clearing in xylene, the preparations were mounted in Pentex (Pentex
Labs, Kankakee, IL, USA). The expression of PD-L1 was evaluated
by counting percent of positive cells to all neoplastic cells.
Pathological evaluation was performed using a Nicon Eclipse 55i
microscope (Nikon, Tokyo, Japan) equipped with 4x/0.10, 10x/0.30,
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Table III. PD-LI positivity in Hodgkin-Reed-Sternberg (HRS) cells.

Value Number (%) Three Number (%) Two Number (%)
categories categories

0 37 (30.8%) — Negative 37 (30.8%) — Negative 37 (30.8%)
12 (10.0%) + Low positivity 50 (41.7%) + Positive 83 (69.2%)

10 11 (9.2%)

20 8 (6.7%)

30 15 (12.5%)

40 4 (3.3%)

50 3 (2.5%) ++ High positivity 33 (27.5%)

60 7 (5.8%)

70 10 (8.3%)

80 6 (5.0%)

90 7 (5.8%)

Table IV. PD-LI positivity in surrounding cells.

Value Number (%) Three Number (%) Two Number (%)

categories categories

0 16 (13.3%) — Negative 16 (13.3%) — Negative 16 (13.3%)

1 44 (36.7%) + Low positivity 102 (85.0%) + Positive 104 (86.7%)

5 11 (9.2%)

10 26 (21.7%)

20 14 (11.7%)

30 5 (4.2%)

40 2 (1.7%)

60 1 (0.8%) ++ High positivity 2 (1.7%)

70 1 (0.8%)

20x0.50, 40x/0.75 and 60x/0.85 objective lenses Positivity for PD-
L1 was categorized into three and two groups according as follows:
0="— negative” and 1-49="+ slightly positive”, 50 or more="++

strongly positive” ‘; or a rougher division into 0="— negative” and
1 or more="+ positive”.

Statistics. Standard descriptive statistics was applied in the analysis;
absolute and relative frequencies for categorical variables and mean
supplemented with median and min-max range for continuous
variables. Statistical significance of differences was computed using
Fisher exact test for categorical variables and Kruskal-Wallis test
for continuous variables. Influence of PD-L1 positivity on disease
status was analyzed using logistic regression and described using
odds ratio, its 95% confidence interval and statistical significance.
The level of statistical significance was set at 0=0.05, all hypotheses
were evaluated as two-sided. Analysis was computed using SPSS
24.0.0.1 (IBM Corporation, Armonk, NY, USA).

Results
Treatment. Complete remission after initial therapy was

achieved in 113 (94.2%) patients, six patients progressed, one
patient achieved only partial remission. During the follow-up,

23 (19.2%) patients relapsed; early relapse/refractory disease
was observed in 10 (8.4%) patients and late relapse in 13
(10.8%) patients. In the group of patients with late relapse (=12
months), the median relapse-free survival (RFS) was 36
months (13-68) (Table II).

Immunohistochemistry. PD-L1 positivity was determined on
HRS cells as well as on surrounding cells. When determining
PD-L1 expression in HRS cells, a total of 37 cases (30.8%)
were evaluated as negative and 83 (69.2%) evaluated as
positive, of which 50 (41.7%) were slightly positive and 33
(27.5%) strongly positive (Table III). In surrounding cells, a
total of 16 samples (13.3%) were assessed as PD-L1 negative,
104 (86.7%) as PD-L1 positive, of which 102 (85.0%) were
slightly positive and 2 (1.7%) strongly positive (Table IV).

Correlation between PD-LI status and relapse/progression.
Analysis of PD-L1 expression in HRS cells indicated that out
of the 120 cHL patients, 37 PD-L1 negative patients did not
relapse during the follow-up period (100%). Furthermore,
out of 83 PD-L1 positive patients, 60 patients did not relapse
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Figure 1. Relapse-free survival of classic Hodgkin lymphoma patients according to PD-LI positivity in Hodgkin-Reed-Sternberg cells.

(72.3%) and 23 (27.7%) relapsed. Thus, a significantly
higher relapse rate in patients with PD-L1 positive tumor
cells was observed (p<0.001) (Figure 1).

Analysis of positivity of PD-L1 in surrounding cells
indicated that there was no statistically significant difference
between relapsed patients and patients without relapse (data
not shown).

Furthermore, we divided the 83 PD-L1 positive patients
into two groups based on PD-L1 expression: in the slightly
positive (1%-50%) group, there were 50 patients; in the
strongly positive group (51%-100%) there were 33 cases. We
found that in the slightly positive group, 41 patients (82%)
did not relapse, four (8%) relapsed early and five patients
(10%) relapsed late. In the strongly positive group of
patients, 19 patients (57.6%) did not relapse, six patients
(18.2%) relapsed early and eight (24.2%) relapsed late
(p<0.001) (Table V).

We did not find a statistically significant correlation with
cHL clinical stage in the evaluation of PD-L1 positivity in
HRS cells (Figure 1). On the contrary, a correlation was
found between PD-L1 positivity in surrounding cells and the
clinical stage of cHL. Increased value of positivity correlated
with increased stage (p=0.032) (Figure 2).

Table V. PD-LI positivity in Hodgkin-Reed-Sternberg cells and
treatment outcome (N=120).

PD-L1 No relapse Early relapse  Late relapse
- 37 0 0
(N=37; 30.8% patients) (100.0%)

+ 41 4 5
(N=50; 41.7% patients) (82.0%) (8.0%) (10.0%)
++ 19 6 8
(N=33; 27.5% patients) (57.6%) (18.2%) (24.2%)

Discussion

PD-1, also called CD279, was first identified in murine cell
lines in 1992. PD-1 expression is induced in a variety of
activated immune cells, such as macrophages, T cells, B cells,
NKT cells and others. After PD-1 binds to its ligands (PD-L1
and PD-L2), the active immune cells are inhibited. In recent
years, several studies have shown that tumor cells silence the
immune system by expressing PD-L1. Thus, blockade of PD-
1 and PD-L1 has been tested in ovarian, bladder, colorectal,
and uterine cancers as well as Hodgkin lymphoma [reviewed
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Figure 2. Relationship of PD-LI1 positivity in background cells and stage of the disease (p<0.032).

in (22)]. Nivolumab, a human IgG4 monoclonal antibody
blocking PD-1 expression, was approved by the FDA in 2014
for the treatment of metastatic melanoma.

Despite recent indisputable success of cHL treatment,
approximately 20% of patients do not achieve long-term
remission and must be treated for relapse or refractory cHL.
However, the efficacy of this treatment is lower; approximately
50% of patients with relapsed or refractory disease following
first-line treatment can be cured by high-dose chemotherapy
(HDCT) and autologous stem cell transplantation (ASCT) and
subsequent optional consolidation is performed in high-risk
patients (23-29). In view of the new treatment options
presented by PD-1 and PD-L1 inhibitors, many studies
investigated the expression of PD-1/PD-L1 in cHL and its
relevance to patients’ prognosis.

PD-L1 over-expression in cHL is likely to be more
common than in other types of lymphomas. The comparison
between cHL primary mediastinal large B-cell lymphoma
(PMBL), and gray zone lymphoma (GZL) demonstrated
over-expression of PD-L1 (=70% of tumor cells) in 62% of
cHL, 15% of PMBL and 46 % GZL cases (30).

In addition to the detection of PD-L1 expression in
primary biopsies, the assessment of PD-L1 expression in
relapsed or progressed cHL is clinically important. In the
study of Vranic et al. (31), the expression of PD-L1 in 78
samples from patients with various treatment-resistant
lymphomas was examined. The strongest and consistent
expression (10/11 cases) was observed in cHL and PMBL
(3/3). Diffuse large B-cell lymphomas (DLBCL) were often
positive (13/26) regardless of sub-type. Follicular (1/8),
peripheral T-lymphocytes (3/11) and mantle cells (1/8) were
rarely positive in lymphomas, whereas small lymphoma
lymphocytes/CLL and lymphomas in the peripheral zones
were permanently negative (3/3) (31).

One study showed PD-1/PD-L1 expression on diagnostic
samples of pediatric cHL patients at the time of diagnosis.
This study included a group of patients in remission and a
group of patients with relapsed/refractory cHL. Of the 42
patients analyzed, 31 achieved remission and the remaining
11 patients were classified as relapsing or refractory. At the
time of diagnosis, low PD-1 expression was found in <20%
of cases, while PD-L1 was expressed on tumor cells in all
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cases; most cases showed a strong PD-L1 positivity (=50%).
There were no significant differences in PD-1/PD-L1
expression levels between the groups (32).

The importance of PD-L1, PD-L2, and PD-1 expression in
the prognosis of cHL patients was evaluated in a retrospective
study involving a total of 109 cHL patients treated with
ABVD. The median follow-up period was 4.91 years
(range=0.17-17.33 years). Thirteen patients (11%) expressed
PD-1 protein in the peritumoral microenvironment, which
was associated with poor overall survival (OS). However,
PD-L1 or PD-L2 expression level was not significant for OS.
There was no correlation between PD-L1 and PD-1
expression or between PD-L2 and PD-1 expression.
Multivariate analysis identified PD-1 protein as an
independent prognostic factor for OS (33).

In another study, tissue samples of 87 cHL cases were
analyzed. Co-expression of PD-1 and PD-L1 was found to
be associated with shorter OS, although PD-1 or PD-L1
expression was not shown to be related to survival. In cases
without PD-1 or PD-L1 expression, OS and disease-free
survival (DFS) were 135 and 107 months, respectively. OS
and DFS in cases expressing both PD-1 and PD-L1 were
statistically significant at 24 and 20 months, respectively.
Co-expression of PD-1 and PD-L1 was found to be an
independent risk factor (34).

A study analyzing PD-L1/L2 genetic alterations in cHL
evaluated a total of 108 biopsy samples from newly
diagnosed cHL patients. It was shown that 97% of all
evaluated cHL patients had identical changes in the PD-L1
and PD-L2 loci (5% polysomy, 56% copy number gain, 36%
amplification). Progression-free survival (PFS) was
significantly shorter in patients with 9p24.1 amplification,
and the incidence of 9p24.1 amplification was higher in
advanced stages of cHL (35).

It is also important to monitor the changes of PD-1 and
PD-L1 expression before and during the treatment of cHL
patients. In a group of 3 500 cHL patients, there were 11
patients with diagnostic cHL biopsy and a previous benign
lymph node biopsy, which was later reclassified as cHL.
These patients were marked as untreated. Thirty patients had
a primary biopsy and a cHL relapse biopsy. These patients
were described as treated. There was no statistically
significant difference between biopsy 1 and 2 in untreated
patients. In treated patients, a statistically significant increase
in PD-1* leukocytes, PD-L17* leukocytes and PD-L1* tumor
cells was shown in cHL relapses (36).

In the CheckMate 205 study, the evaluation of the effect of
the blockage of PD-1 receptor in patients with relapsed or
refractory cHL who were treated with nivolumab was
performed. Patients with higher 9p24.1 copies and over-
expression of PD-L1 on HRS cells had better PFS. In HRS
cells, expression of $2-microglobulin/MHC class I was not a
significant predictive factor for complete remission or PFS on

nivolumab therapy. On the contrary, MHC class II expression
on HRS cells was a significant predictive factor for complete
remission. In patients with an interval >12 months between
ASCT and nivolumab therapy, MHC class II HRS expression
was associated with prolonged PFS (37). High prevalence of
PD-L1 and PD-L2 expression has also been demonstrated in
patients with cHL in the KEYNOTE study (38).

In conclusion, negative expression of PD-L1 correlated
with RFS of cHL patients in concordance with previously
published studies.
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8. Pozdni nasledky Ié€by Hodgkinova lymfomu

Vzhledem k vysoké uspésnosti léCby HL, kdy desetileté celkové preziti u mladSich
pacientl dosahuje pfiblizné 80-90 %, predstavuje problematika pozdni toxicity
vyznamnou soucast dlouhodobé péle o vyléCené nemocné. Pozdni nasledky
protinadorové IéCby se mohou manifestovat s odstupem mnoha let az desetileti od
jejiho ukoncéeni a vyznamné pfispivaji k dlouhodobé morbidité a mortalité pacientl
vyléCenych z HL. Riziko jejich vzniku zavisi zejména na véku v dobé lécby, typu a
kumulativni davce pouzité systémové chemoterapie, rozsahu a davce radioterapie a
pfitomnosti dalSich rizikovych faktoru, v€etné kardiovaskularnich rizikovych faktort a

koufeni.”8.77

Vv,

predstavuji jednu z hlavnich pfiin pozdni mortality nesouvisejici s relapsem Ci
progresi HL. Jejich vznik je spojen jak s genotoxickym uCinkem nékterych cytostatik,
tak s karcinogennim ucinkem ionizujiciho zareni. Terapii indukovana akutni myeloidni
leukémie (AML) a myelodysplasticky syndrom (MDS) se typicky rozvijeji v Casné&jSim
obdobi po |é¢bé, zatimco zvySené riziko vzniku sekundarnich solidnich nadort
pretrvava nékolik desitek let.6.78-86 Riziko vzniku terapii indukované AML/MDS souvisi
zejména s expozici alkylaCnim cytostatikim a etoposidu a je ovlivnéno jejich
kumulativni davkou. Tyto sekundarni hematologické malignity jsou ¢asto spojeny s

nepfiznivymi cytogenetickymi zménami a nepfiznivou prognézou.’8.81.8586

V rozsahlé studii 3905 pacientu bylo riziko vzniku sekundarni malignity ve srovnani s
béZnou populaci zvySeno vice nez ¢tyfnasobné a zvysené riziko pretrvavalo i vice nez
35 let po Ié¢bé.® Vyznamna Cast téchto nadord souvisi s pfedchozi radioterapii a vznika
v ozafovaném objemu nebo v jeho bezprostfednim okoli. Karcinom prsu pfedstavuje
jednu z nejvyznamnéjSich sekundarnich malignit u Zzen, které v mladém véku, zejména
pred 30. rokem Zivota a pfedevsim v obdobi puberty, podstoupily radioterapii hrudniku.
Riziko jeho vzniku je ovlivnéno zejména vékem pfi 1éEbé, davkou zafeni, rozsahem
ozafeného objemu a dobou od ukoncéeni 1&Cby.”787-93 \V/yznamné je rovnéz riziko
karcinomu plic, pficemz mezi radioterapii hrudniku, expozici alkylaénim cytostatikim

a koufenim existuje vyznamna interakce, ktera riziko dale zvysuje.%+%°
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Kardiovaskularni komplikace pfedstavuji dalSi vyznamnou pfi€inu pozdni morbidity a
mortality dlouhodobé pFezivajicich pacientl s HL. Na jejich vzniku se podili pfedevsim
IéCba antracykliny, zejména doxorubicinem, a radioterapie zahrnujici oblast srdce a
mediastina. Antracyklinova kardiotoxicita je zavisla na kumulativni davce a muze vést
k progresivnimu a potencialné ireverzibilnimu poSkozeni myokardu s naslednym

rozvojem srde¢niho selhani.

Riziko kardiotoxicity se dale zvySuje pfi soucasné expozici srdce radioterapii. Ozareni
mediastina je spojeno s urychlenym rozvojem koronarni aterosklerézy a vySSim
vyskytem ischemické choroby srdecni, v€etné infarktu myokardu. Pozdni kardialni
komplikace mohou zahrnovat rovnéz postizeni srde€nich chlopni, zejména jejich
fibrézu a kalcifikaci, a poruchy prevodniho systému. Riziko téchto komplikaci pretrvava
po nékolik desetileti po ukonceni |éCby a je ovlivnéno zejména vékem pacienta v dobé

lécby, davkou zareni a rozsahem ozarené oblasti.!00-106

Pozdni plicni toxicita souvisi pfedevsim s expozici bleomycinu a radioterapii hrudniku.
Bleomycin muze vyvolat zanétlivé poskozeni plicniho parenchymu s naslednym
rozvojem intersticialnich zmén a plicni fibrozy. Riziko plicni toxicity je ovlivnéno mimo
jiné kumulativni davkou bleomycinu, vékem a dal$imi faktory.'07:1%8 Vyznamnou
soucasti souCasnych PET-adaptovanych IéCebnych strategii u pokrocilého HL je proto
moznost vynechani bleomycinu po dvou uvodnich cyklech ABVD u pacientu s
negativnim interim PET/CT. Studie RATHL prokazala, Zze u pacientll s negativnim
PET/CT po dvou cyklech ABVD vedlo pokracovani léCby rezimem AVD bez

bleomycinu k zachovani u¢innosti pfi souéasném snizeni rizika plicni toxicity '°

Mezi dalSi sekundarni malignity patfi zejména nadory §titné Zlazy, gastrointestinalniho
traktu a kozni nadory, jejichz zvySeny vyskyt muze souvisi pfedevSim s predchozi

radioterapii a chemoterapii.577:109-112

Z hlediska poruch endokrinnich funkci patfi hypotyre6za mezi nejCastéjsi pozdni
nasledky radioterapie kréni oblasti. NejCastéji se rozviji béhem prvnich nékolika let po
|&CbéE, jeji riziko vSak pFetrvava dlouhodobé a nové pfipady mohou byt diagnostikovany
i vice nez 20 let po ukonceni lé€by. Riziko jejiho vzniku zavisi pfedevsim na davce
zareni a objemu S§titné zlazy vystaveném radioterapii. Manifestni hypotyre6za

zpravidla vyZaduje dlouhodobou, ¢asto celozivotni substituéni lécbu. 113114

Gonadalni toxicita je vyznamné ovlivnéna pouZzitym chemoterapeutickym rezimem,
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kumulativni davkou alkylacnich cytostatik, vékem pacienta a u zen také vychozi
ovarialni rezervou. U muzl se muze projevit pfechodnou nebo trvalou poruchou
spermatogeneze, v zavaznych pfipadech az trvalou azoospermii. U Zen muze vysoka
kumulativni expozice alkylanim cytostatikim vést ke sniZeni ovarialni rezervy, poruse
fertility a pfed€asné ovarialni insuficienci s naslednou pfed€asnou menopauzou. Riziko
gonadalniho poskozeni je vyrazné vys$Si pfi pouziti intenzivnich rezimu s vysokou
expozici alkylaénim cytostatikiim, zejména eskalovaného BEACOPP, nez pfi 1éEbé
rezimem ABVD, ktery je z hlediska dlouhodobého ovlivnéni fertility povazovan za
méné rizikovy. Riziko dale narista s pocétem I[éCebnych linii a pfi pouziti
vysokodavkované chemoterapie nasledované ASCT. Vzhledem k moznym
dlouhodobym nasledkim by mélo byt riziko poruchy fertility posouzeno jiz pfed
zahajenim |éCby a u pacientu ve fertilnim véku by mély byt v€as zvazeny moznosti
jejiho zachovani, zejména kryokonzervace spermatu u muzd a kryokonzervace oocyt(

nebo embryi, pfipadné ovarialni tkang&, u zen..115-121

Znalost spektra pozdnich nasledkul 1éEby vedla v poslednich desetiletich k vyznamnym
zménam v primarni terapii HL. Patfi mezi né zejména redukce rozsahu radioterapie,
postupny prechod od rozsahlych ozafovanych poli k cilen&jSim konceptliim IN-RT a IS-
RT, snizovani davek zareni a snaha o minimalizaci expozice cytostatikim spojenym s
vyznamnou dlouhodobou toxicitou. Souc€asti dlouhodobé péce o pacienty po uspésné
[éCbé HL by mél byt strukturovany program sledovani zaméfeny na ¢asnou detekci
pozdnich komplikaci a redukci ovlivnitelnych rizikovych faktord. U Zen s vyznamnym
rizikem sekundarniho karcinomu prsu po pFfedchozi radioterapii hrudniku je
doporucovan €asny a intenzivnéjSi screening prsl, zahrnujici podle individualniho
rizika mamografii a magnetickou rezonanci. Déle je nezbytné pravidelné hodnoceni
kardiovaskularnich rizikovych faktort, sledovani funkce S§titné zlazy a edukace
pacientl zaméfena zejména na nekufactvi, zdravy Zivotni styl a prevenci dalSich

ovlivnitelnych rizikovych faktora.
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Nasledujici retrospektivni studie hodnotila dlouhodobé riziko vzniku sekundarnich
malignit u souboru 871 pacientd s Hodgkinovym lymfomem s medianem sledovani 12
let. V pribéhu sledovani bylo diagnostikovano celkem 154 sekundarnich malignit,
pfiCemz jejich incidence byla ve srovnani s béznou populaci témér trojnasobné vyssi
(Standardized Incidence Ratio, SIR = 2,9). Nejvyssi relativni riziko (SIR) bylo
zaznamenano u karcinomu plic, karcinomu prsu a hematologickych malignit.
Sekundarni malignity pfedstavovaly rovnéz vyznamnou pfi€inu pozdni mortality; v
jejich dusledku zemfelo 71 pacientu, coz odpovidalo 15 % vSech umrti a 8 % celého
sledovaného souboru. Analyza poukazala na vyznam pfedchozi protinadorove |écCby,
zejména radioterapie, pro rozvoj sekundarnich malignit a prokazala rozdily v jejich
riziku v zavislosti na lokalizaci ozafovanych poli. Nejvyssi AER (Absolute Excess Risk)
sekundarnich malignit vznikajicich v ozafovaném poli bylo zaznamenano u karcinomu
prsu, kolorektalniho karcinomu a karcinomu plic. Na zakladé ziskanych vysledkl bylo
navrzeno individualizované schéma dlouhodobého sledovani pacientl po |é¢bé
Hodgkinova lymfomu, zohlednujici pohlavi, charakter pfedchozi protinadorové léCby a

zejména lokalizaci ozafovanych oblasti.
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Summary

Background and Purpose: Appropriate surveillance guidelines for patients after suc-
cessful treatment of Hodgkin's lymphoma (HL) are needed to reduce mortality of
iatrogenic secondary cancers (SC). This large single institutional retrospective study
analyses the risk of SC in HL patients treated outside of clinical trials over past
decades.

Material and Methods: Consecutive series of HL patients were analysed with median
follow-up 12 years. Standardised incidence ratio (SIR) and absolute excess risk (AER)
were calculated for site-specific risk of SC.

Results: In total of 871 patients (491 men; median age 34 years), chemotherapy
alone, radiotherapy alone, and combined treatment underwent 36%, 40%, and 24%
patients. 154 SC were found with significantly increased SIR = 2.9 and AER = 80.8
for all cancers except of nonmelanoma-skin cancer. SC-related death occurred in 71
patients (15% of those who died, 8% of whole cohort). The most common SC were
lung (17.5% of all malignancies, SIR = 3.2), breast carcinoma (15.6%, SIR = 4.4), and
haematological malignancy (non-Hodgkin’s lymphoma SIR=13.1; leukaemia
SIR = 5.8). For SC within radiation field, the highest AER was in breast (AER = 46.9),
colorectal (AER = 22.8), and lung cancer (AER = 17).

Int J Clin Pract. 2018;72:€13235.
https://doi.org/10.1111/ijcp.13235
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1 | INTRODUCTION

Significant advances in the treatment of Hodgkin's lymphoma (HL)
have been made over past decades, leading to HL, a very common
cancers diagnosed in young adults, being one of the most curable
cancers with high response rate to both chemotherapy and radio-
therapy. With current standards of care, the 5-year and 10-year sur-
vival rates for HL are 86% and 80% of all stages, respectively.

Nevertheless, prolonged survival following successful HL treat-
ment has been accompanied by several late sequelae affecting pa-
tients’ quality of life and life expectancy, notably by second cancers
(SC) since this late adverse effect contribute most to the substan-
tial excess mortality after HL treatment. As a consequence, excess
mortality >15 years after successful treatment of HL may be due
to adverse side effects rather than HL itself, especially in patients
with clinical stages | and .23 Appropriate surveillance guidelines for
HL survivors are needed to reduce mortality of this iatrogenic SC,*
especially with continuing efforts and achievements in the upfront
treatment of HL patients including advances in immunotherapy.®

Real-world evidence research is an increasingly important sup-
plement to basic and clinical research. Data about real-world patient
experience treated outside controlled clinical trials may identify
hidden gaps and biases of care which is provided within the frame
of clinical trial. Thus, it may help to address all patients’ needs in
the primary treatment as well as in follow-up within daily clinical
practice.

The aim of presented single institutional retrospective study was
to analyse outcomes of patients treated for HL over past decades
with respect to the risk of SC and to offer an appropriate follow-up
surveillance recommendation suitable for real-world clinical practice.

2 | MATERIALS AND METHODS

2.1 | Patients

Consecutive series of patients treated for HL at Masaryk Memorial
Cancer Institute between 1953 and 1996 were used in this retro-
spective analysis. Patients have undergone primary treatment that
was standard of care at that time, all patients were treated outside of
clinical trials. Data were collected in anonymised form from the elec-
tronic and written medical records which were acquired during the
course of diagnosis, treatment and follow-up surveillance. Median
follow-up was 12 years. Follow-up was considered starting from the
date of HL diagnosis to the date of last reported vital status or death
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Conclusions: Patients with HL are generally at great risk of developing SC, which is
significantly increased especially by the use of radiotherapy. We suggested special
follow-up schema for patients after initial HL treatment suitable for daily real-world
clinical practice. The system depends on gender, form of HL treatment and especially

the form of radiation therapy in terms of location of radiation fields.

What'’s known

e The increasing prevalence of cancer survivals is becom-
ing a major healthcare issue related to cost-effective
surveillance of these patients.

e Majority of patients with Hodgkin’s lymphoma are cured
and they carry a high risk of development of iatrogenic
secondary cancers

What'’s new

e We described the patterns of secondary cancers de-
pending on the provided treatment, especially in rela-
tion to irradiated parts of the body. This is one of the
largest study with long follow-up of unselected consec-
utive cohort of patients treated outside of clinical trials
and, thus, appeals to general clinical practice.

o We suggested special follow-up schema for patients
after initial Hodgkin’s lymphoma treatment suitable for

daily real-world clinical practice

from any cause. Cancer cases diagnosed within 2 months after HL

diagnosis were excluded.

2.2 | Statistical analysis

Standardised incidence ratio (SIR) is an estimate of the occurrence
of cancer in a study population relative to what might be expected
in the normal population. It is calculated by dividing the observed
number of cancer cases (second and subsequent malignancies after
the primary disease of HL) by expected number of cases. These were
obtained by dividing cohort of patients into years by sex, age (5-year
age groups), and period and by subsequent multiplication by perti-
nent sex-, age-, and period-specific cancer incidence rates estimated
from the Czech National Cancer Registry (rates before 1977 were
assumed equal to those observed in 1977-1979). For example a SIR
of 1.7 is interpreted as 70% more cancer cases occurred than the
expected number. 95% confidence intervals (Cl) for SIR were derived
assuming Poisson distribution of the observed number of cases. For
SIR estimation of cancer cases occurring in the treatment field of
initial radiotherapy, person-years in patients initially treated with
noted radiotherapy regimen involving irradiation of the particular
organ were counted.
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Absolute excess risk (AER) is considered one of the best
risk measures to express burden of disease. It was calculated
by subtracting the expected number of cancer cases from the
observed ones and by dividing the difference by the sum of the
person-years. AER is reported per 10 000 person-years (PYR).
For example, if absolute risk of developing cancer in 10 000
irradiated PYR is 100 cases (some cases as a consequence of
irradiation, some cases as a spontaneous occurrence) and in
10 000 nonirradiated PYR is absolute risk 20 cases, than AER
is 80 cases in 10 000 PYR. For male cancers (prostate and tes-
ticular) and female cancers (breast, uterine, and ovarian), only
PYR accumulated by the patients of the respective sex were
taken into account (6465 PYR for male and 6025 PYR for female
cancers).

Cumulative incidence of the second malignancies was estimated
considering competing risk of death. Cumulative incidence is calcu-
lated by the number of new cases during a period divided by the
number of subjects at risk in the population at the beginning of the

follow-up.

TABLE 1 Baseline characteristics of
the cohort of Hodgkin's lymphoma
patients
Characteristic
Period
<1980
1980-1989
1990-1999
Sex
Men
Women
Age
<15
15-24
25-34
35-44
45-54
55-64
65+
Stage of HL
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Statistical analysis was performed by package Stata/IC 10.1
[StataCorp]. Significantly different means there is less than 5%
chance that the observed difference is the result of random fluctu-
ation in the number of observed cancer cases. Site-specific risk of
second cancer was performed separately according to (1) years after
HL diagnosis, (2) type of initial therapy, and (3) presence within an
irradiated field.

3 | RESULTS

3.1 | Basic characteristics

A total of 895 HL patients were treated between 1953 and 1996.
From this group, 24 were excluded: 18 were lost from follow-up, two
for inconsistent records, two had no treatment, two had history of
other malignancy before HL, or less than 2 months after treatment
of HL. Thus, 871 patients (491 men and 380 women; median age
34 years) were subjects of statistical analysis. Basic patients’ char-

acteristics are summarised in Table 1. Various histological subtypes

Initial treatment

CHT RT CHT+RT
n =314 (36.1%) n = 349 (40.1%) n =208 (23.9%) Total n=871
89 (27.5%) 183 (56.5%) 52 (16.0%) 324
146 (37.2%) 148 (37.8%) 98 (25.0%) 392
79 (51.0%) 18 (11.6%) 58 (37.4%) 155
186 (37.9%) 192 (39.1%) 113 (23.0%) 491
128 (33.7%) 157 (41.3%) 95 (25.0%) 380
1(3.1%) 23 (71.9%) 8(25.0%) 32
74 (33.9%) 82 (37.6%) 62 (28.4%) 218
73 (35.4%) 82 (39.8%) 51 (24.8%) 206
50 (35.2%) 56 (39.4%) 36 (25.4%) 142
43 (39.4%) 42 (38.5%) 24 (22.0%) 109
37 (42.0%) 34 (38.6%) 17 (19.3%) 88
36 (47.4%) 30 (39.5%) 10 (13.2%) 76
5(4.7%) 93 (87.7%) 8(7.5%) 106
0(0.0%) 11 (84.6%) 2(15.4%) 18
0(10.3%) 135 (69.2%) 40 (20.5%) 195
8(19.8%) 50 (54.9%) 23 (25.3%) 91
0(41.2%) 26 (26.8%) 31(32.0%) 97
1(60.4%) 12 (11.9%) 28 (27.7%) 101
4(68.4%) 6 (7.6%) 19 (24.1%) 79
112 (67.9%) 4(2.4%) 49 (29.7%) 165
4(16.7%) 12 (50.0%) 8(33.3%) 24

HL, Hodgkin's lymphoma; CHT, chemotherapy; RT, radiotherapy.
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of HL were as follow: 38% mixed cellularity, 25% nodular sclerosis,
14% lymphocyte predominant, 9% lymphocytic depletion, 14% not
otherwise specified.

Three hundred and fourteen patients (314/871, 36%) underwent
chemotherapy alone, 349 patients (349/871, 40%) radiotherapy
alone, and the rest (208/871, 24%) underwent combined treatment
by chemotherapy and radiotherapy. During the follow-up, 469 pa-
tients (469/871, 54%) died with 316 patients dying because of HL
(316/469, 67%; 316/all 871, 36%). Second malignancy-related death
occurred in 71 patients (71/469, 15%; 71/all 871, 8%). Reason of
death in the rest of patients was mainly cardiovascular disease (23
patients) and infectious diseases (19 patients).

3.2 | Site-specific risk of second cancer

A total of 154 SC were found in the study population with signifi-
cantly increased SIR =2.9 (95% CI 2.5-3.4) and AER = 80.8 for all

TABLE 2 Site-specific risk of SC after HL

Second malignancy ::‘154 SIR 95% CI AER
NHL? 15 13.1° 7.3-21.6 111
Thyroid® 8 11.9° 5.1-23.4 59
Leukaemia® 7 5.8% 2.3-12.0 4.6
Stomach? 10 4.4° 2.1-8.1 6.2
Breast, females?® 24 4.42 2.8-6.6 30.8
Liver 3 3.5 0.7-10.2 1.7
Melanoma of skin® 6 3.5% 1.3-77 3.4
Soft tissue 1 &9 0.1-18.3 0.6
Lung? 27 3.2° 2.1-47 14.9
Kidney? 7 2.7° 1.1-5.6 3.5
Colon and rectum?® 19 2.5% 1.5-3.9 9.2
Cervix uteri 4 2.5 0.7-6.3 4.0
Bladder 2.3 0.8-5.4 2.3
Oral cavity, pharynx S 2.0 0.4-5.7 1.2
NMSC? 23 1.9° 1.2-29 8.8
Ovary 2 1.5 0.2-5.6 1.2
Pancreas 2 1.2 0.1-4.3 0.2
Larynx 1 1.2 0.0-6.6 0.1
Corpus uteri 2 1.2 0.1-4.2 04
Biliary tract 1 1.1 0.0-6.4 0.1
Other cancers 2 0.7 0.1-2.6 -0.6
In situ neoplasms 2 0.7 0.1-2.4 -0.8
All cancers, except 154 2.9 2.5-34 80.8

NMSC?

SC, second cancer; HL, Hodgkin’s lymphoma; No., Number of cases;
NHL, non-Hodgkin’s lymphoma; NMSC, nonmelanoma skin cancer; SIR,
standardised incidence ratio; Cl, confidence interval; AER, absolute ex-
cess risk per 10 000 person-years.

dIndicates significant result (Cl not overlapping 1).
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cancers except of nonmelanoma skin cancer (NMSC). The most com-
mon SC were lung in 27 patients (27/154, 17.5% of all malignancies,
SIR=3.2; 95% Cl 2.1-4.7) and breast carcinoma (24/154, 15.6%,
SIR = 4.4; 95% Cl 2.8-6.6). A significantly higher incidence was ob-
served also in haematological malignancy as is non-Hodgkin’s lym-
phoma (HNL) (SIR = 13.1; 95% Cl 7.3-21.6) or leukaemia (SIR = 5.8,
95% Cl 2.3-12.0). The incidence as well as SIR for other SC is listed
in Table 2.

In the group of the most frequent SC found in our cohort, pa-
tients had the greatest AER of developing breast (AER = 30.8), fol-
lowed by lung cancer (AER = 14.9), NHL (AER = 11.1) and leukaemia
(AER = 4.6).

3.3 | Site-specific cumulative incidence of second
primary malignancy after 5, 15, and 25 years

The cumulative incidence of SC after 5, 15, and 25 years after
diagnosis of HL is summarised in Table S1. The cumulative in-
cidence of all malignancies (outside NMSC) after 5 years is
2.0%, after 15vyears 7.3%, and after 25 years 13.7%. In the
next 25 years after initial treatment of HL, the risk is mainly
in the development of breast cancer with the cumulative inci-
dence of 3.3% (95% Cl 1.7%-5.9%) and lung cancer 3.1% (95%
Cl 2.0%-4.5%).

3.4 | Site-specific risk of second cancer according to
years after Hodgkin's lymphoma diagnosis

The increased risk of SC was observed in all time periods (SIR up to
5years = 1.8, 95% Cl 1.0-2.9; SIR 5-15 years = 2.7, 95% Cl 2.0-3.5;
SIR 15-25 years = 3.0, 95% Cl 2.2-4.0; SIR >25 years = 4.2, 95% Cl
3.1-5.7). In the first period, the most malignancies with greast risk
are haematological malignancies (SIR for NHL = 5.25, 95% CI 8.3-
59.5 and SIR for leukaemia = 8.4, 95% Cl 1.0-30.2), whereas in the
last period, the most risky are thyroid (SIR = 14.7, 95% Cl 1.8-52.9)
and breast cancer (SIR = 10.6, 95% Cl 5.6-18.1). The other SC are
summarised in Table 3.

3.5 | Site-specific SIR of second cancer according to
initial therapy

The risk of developing SC in relation to treatment modality used
is summarised in Table 4. The highest risk of SC was in patients
after radiotherapy, 96 SC in total (SIR = 4.0, 95% Cl 3.3-4.9; the
highest SIR for thyroid and breast cancer), however, a smaller
but still significantly increased incidence was in patients who un-
derwent combination of chemotherapy and radiotherapy (19 SC,
SIR = 2.1, 95% CIl 1.2-3.2; the highest SIR for HNL and leukae-
mia), or chemotherapy alone (39 SC, SIR=1.9, 95% Cl 1.4-2.7;
the highest SIR for NHL and thyroid cancer). Cumulative inci-
dence of the most common SC after radiotherapy is shown in
Figure S1.
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TABLE 3 Site-specific SIR of second primary malignancy according to years after Hodgkin lymphoma diagnosis

s 4 0-5 years after HL 5-15 years after HL 15-25 years after HL 25 + years after HL
meacl?gr:mncy No. SIR (95% CI) No. SIR (95% CI) No. SIR (95% CI) No. SIR (95% CI)
Thyroid® 0 0.0 (0.0-40.8) 2 9.1°(1.1-32.9) 4 17.7% (4.8-45.3) 2 14.7% (1.8-52.9)
Breast, females® 1 1.4 (0.0-7.8) 5 3.0%(1.0-7.0) 5 2.7 (0.9-6.4) 13 10.6% (5.6-18.1)
Cervix uteri® 0 0.0(0.0-11.2) 1 1.6 (0.0-8.8) 1 2.2(0.1-12.0) 10.5% (1.3-38.0)
Melanoma of skin? 0 0.0 (0.0-14.7) 2 3.4(0.4-12.4) 1 1.8 (0.0-10.2) 9.3%(1.9-27.3)
Uncertain 1 12.6 (0.3-70.3) 0 0.0(0.0-13.1) 1 3.1(0.1-17.1) 2 9.0%(1.1-32.4)
behaviour®
Kidney? 0 0.0 (0.0-10.0) 2 2.3(0.3-8.3) 1 1.2 (0.0-6.9) 4 7.5%(2.0-19.1)
Liver 0 0.0(0.0-23.1) 2 6.6 (0.8-24.0) 0 0.0(0.0-15.5) 1 6.3(0.2-35.2)
Biliary tract 0 0.0 (0.0-21.8) 0 0.0 (0.0-12.2) 0 0.0 (0.0-15.6) 1 6.1(0.2-33.7)
Colon and rectum?® 1 0.8(0.0-4.4) 6 2.3(0.8-5.0) 5 2.3(0.7-5.3) 7 4.7%(1.9-9.7)
Oral cavity, 1 3.7 (0.1-20.4) 0 0.0 (0.0-7.0) 1 2.2(0.1-12.2) 1 3.7 (0.1-20.5)
pharynx
Prostate 2 4.7 (0.6-16.9) 0 0.0(0.0-3.2) 0 0.0(0.0-3.3) 3 3.6 (0.7-10.4)
NMSC? 1 0.6 (0.0-3.4) 4 1.0(0.3-2.6) 9 2.4%(1.1-4.5) 9 3.3%(1.5-6.3)
Stomach? 0 0.0(0.0-6.2) 4 4.8%(1.3-12.3) 5 9.5%(3.1-22.2) 1 3.2(0.1-17.9)
Bladder® 0 0.0 (0.0-10.8) 1 1.4 (0.0-7.5) 8 4.7% (1.0-13.9) 1 2.3(0.1-12.8)
In situ neoplasms 0 0.0 (0.0-10.5) 1 0.9 (0.0-5.0) 0 0.0(0.0-3.7) 1 2.1(0.1-11.6)
Other cancers 0 0.0 (0.0-6.9) 0 0.0 (0.0-3.8) 1 1.3(0.0-7.1) 1 2.0(0.1-11.2)
Lung? 4 2.1(0.6-5.4) 14 4.6% (2.5-7.7) 7 3.3%(1.3-6.7) 2 1.5(0.2-5.3)
Oesophagus 0 0.0 (0.0-41.7) 0 0.0 (0.0-19.4) 0 0.0 (0.0-21.9) 0 0.0 (0.0-34.7)
Pancreas 0 0.0(0.0-12.2) 0 0.0 (0.0-6.4) 2 4.1(0.5-14.9) 0 0.0(0.0-11.1)
Larynx 0 0.0 (0.0-19.5) 1 3.3(0.1-18.1) 0 0.0 (0.0-16.6) 0 0.0 (0.0-29.1)
Soft tissue 0 0.0 (0.0-56.1) 0 0.0 (0.0-32.5) 1 12.2(0.3-68.1) 0 0.0 (0.0-83.6)
Corpus uteri 1 3.8(0.1-21.3) 1 1.9 (0.0-10.5) 0 0.0 (0.0-6.8) 0 0.0 (0.0-9.1)
Ovary 0 0.0 (0.0-17.4) 2 4.6 (0.6-16.8) 0 0.0(0.0-9.2) 0 0.0 (0.0-14.8)
Testis 0 0.0 (0.0-27.9) 0 0.0 (0.0-16.0) 0 0.0 (0.0-30.3) 0 0.0 (0.0-120.8)
Brain, spinal cord 0 0.0(0.0-22.1) 0 0.0 (0.0-11.7) 0 0.0 (0.0-14.6) 0 0.0(0.0-25.7)
HL 0 0.0 (0.0-30.5) 0 0.0 (0.0-23.4) 0 0.0 (0.0-48.9) 0 0.0 (0.0-133.7)
NHL® 5 25.5%(8.3-59.5) 4 10.1% (2.8-25.9) 6 17.7% (6.5-38.4) 0 0.0 (0.0-17.1)
MM 0 0.0 (0.0-46.8) 0 0.0 (0.0-24.3) 0 0.0 (0.0-28.7) 0 0.0 (0.0-41.8)
Leukaemia® 2 8.4%(1.0-30.2) 2 4.7 (0.6-16.9) 3 9.1%(1.9-26.6) 0 0.0 (0.0-17.9)
All cancers except 17 1.8%(1.0-2.9) 49 2.7%(2.0-3.5) 46 3.0%(2.2-4.0) 42 4.2%(3.1-5.7)

NMSC

NMSC, non-melanoma skin cancer; HL, Hodgkin’s lymphoma; NHL, non-Hodgkin's lymphoma; MM, multiple myeloma; No., number of cases; SIR,

standardised incidence ratio; Cl, confidence interval.
Indicates significant result (Cl not overlapping 1).

3.6 | Site-specific risk of second malignancy
according to the irradiation field

Considering local nature of radiotherapy treatment, only potential
SC within radiotherapy field was taken into account. For example,
risk of secondary breast cancer was evaluated only in patients after
mantle field irradiation or after radiotherapy of mediastinum or ad-
jacent tissues. The highest risk was in developing NMSC (SIR = 15.5,
95% Cl 3.2-45.4) and thyroid cancer (SIR = 14.1, 95% Cl 5.2-30.8).
The other SC are summarised in Table 5. Among the most frequent
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second cancers within irradiated field in terms of AER were breast
cancer (AER = 46.9), colon and rectal cancer (AER = 22.8), and lung
cancer (AER = 17), except of NMSC.

4 | DISCUSSION

The risk of secondary cancer after successful initial treatment of HL
was evaluated in this large retrospective single institutional study
enrolling 871 patients from real-world practice since 1953. We
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— e - TABLE 4 Sit ific SIR of d
Sesond primary malignancy, stratified according
malignancy No. SIR(95% Cl) No.  SIR(95% Cl) No. SIR(95% Cl) to initial therapy (CHT, RT, CHT+RT)
Oral cavity, 2 3.0(0.4-10.7) 0 0.0(0.0-13.0) 1 1.7 (0.0-9.7)
pharynx
Oesophagus 0 0.0 (0.0-16.0) 0 0.0(0.0-35.7) 0 0.0 (0.0-16.7)
Stomach?® 5.8%(2.1-12.7) 1 2.8(0.1-15.6) 3 3.4(0.7-10.0)
Colon and 13 4.0%(2.1-6.8) 3 2.3(0.5-6.9) 3 1.0(0.2-2.9)
rectum?®
Liver 2 5.5(0.7-19.9) 1 6.9 (0.2-38.4) 0 0.0 (0.0-10.5)
Biliary tract 1 2.4(0.1-13.5) 0 0.0 (0.0-28.9) 0 0.0 (0.0-11.1)
Pancreas 1 1.3(0.0-7.4) 1 3.6 (0.1-20.0) 0 0.0 (0.0-5.5)
Larynx 1 2.7 (0.1-15.3) 0 0.0 (0.0-24.5) 0 0.0(0.0-11.2)
Lung? 14 3.9%(2.1-6.5) 4 2.8(0.8-7.2) 9 2.6%(1.2-5.0)
Melanoma of 4 5.3%(1.4-13.5) 1 3.1(0.1-17.0) 1 1.6 (0.0-9.0)
skin?
NMSC 18 3.6 (2.1-5.6) 4 2.0(0.5-5.0) 1 0.2 (0.0-1.1)
Soft tissue 1 7.1(0.2-39.4) 0.0 (0.0-65.5) 0 0.0 (0.0-34.3)
Breast, 22 7.5%(4.7-11.3) 0 0.0(0.0-4.1) 2 1.3(0.2-4.5)
females?
Cervix uteri 3 3.6 (0.7-10.5) 0 0.0(0.0-11.7) 1 2.2(0.1-12.0)
Corpus uteri 1 1.0 (0.0-5.7) 0 0.0(0.0-13.9) 1 2.0(0.1-11.2)
Ovary 2 2.8(0.3-10.3) 0 0.0(0.0-17.1) 0 0.0 (0.0-9.9)
Prostate 2 1.7 (0.2-6.2) 0 0.0(0.0-5.5) 3 1.8(0.4-5.1)
Testis 0 0.0 (0.0-16.5) 0 0.0 (0.0-30.5) 0 0.0 (0.0-21.6)
Kidney?® 6 5.4%(2.0-11.8) 0 0.0 (0.0-8.0) 1 1.0 (0.0-5.5)
Bladder 3 3.5(0.7-10.3) 0 0.0 (0.0-9.8) 2 2.2(0.3-7.8)
Brain, spinal 0 0.0 (0.0-9.2) 0 0.0(0.0-22.2) 0 0.0(0.0-11.9)
cord
Thyroid? 5 15.6%(5.1-36.3) 1 7.3 (0.2-40.5) 2 9.3%(1.1-33.8)
HL 0 0.0 (0.0-20.9) 0 0.0(0.0-45.9) 0 0.0 (0.0-29.6)
NHL? 3 5.97(1.2-17.1) 4 19.4% (5.3-49.8) 8 18.7° (8.1-36.8)
MM 0 0.0 (0.0-18.5) 0 0.0(0.0-50.2) 0 0.0(0.0-21.2)
Leukaemia® 3 5.6%(1.2-16.5) 2 9.6%(1.2-34.7) 2 4.3 (0.5-15.6)
Other 1 0.8 (0.0-4.4) 1 2.1(0.1-11.9) 0 0.0(0.0-3.5)
cancers
In situ 1 0.8 (0.0-4.5) 0 0.0 (0.0-5.1) 1 1.0 (0.0-5.6)
neoplasms
Uncertain 2 5.3(0.6-19.0) 0 0.0 (0.0-20.8) 2 5.7 (0.7-20.6)
behaviour
All cancers, 96 4.0%(3.3-4.9) 19 2.1%(1.2-3.2) 39 1.97(1.4-2.7)
except
NMSC

NMSC, nonmelanoma skin cancer; HL, Hodgkin's lymphoma; NHL, non-Hodgkin’s lymphoma; MM,
multiple myeloma; No., number of cases; SIR, standardised incidence ratio; Cl, confidence interval.
Indicates significant result (Cl not overlapping 1).

described that 14% of patients developed SC within 25 years after

completion of treatment for Hodgkin’s lymphoma, which represents

The patterns of the most common SC mirrored general cancer in-
cidence with lung and breast cancer being the most frequent (17.5%
177 cases of SC altogether and 154 cases of second cancer after and 15.6% of all malignancies, respectively). Nevertheless, the high-

excluding NMSC, respectively. est standardised incidence ratio was observed in non-Hodgkin's
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lymphoma (SIR = 13.1) and thyroid cancer (SIR = 11.9). The risk of
solid SC development is increased especially by the use of radio-
therapy, whereas the risk of secondary leukaemia/non-Hodgkin’s
lymphomas is increased by the use of alkylating agents (mechlore-
thamine, cyclophosphamide).® The majority of our patients were
treated before 1995, when anthracyclines were not available in
our country for political and economical reasons. Therefore, most
patients were treated with different combinations of mechloreth-
amine, vincristine, procarbazine (MOPP) or in combination with
cyclophosphamide (COPP) or chlorambucil (LOPP). Nevertheless,
some reports indicates, that chemotherapy may even be more can-
cerogenic as the rate of SC remains the same despite the reduction
in radiotherapy field and dosage.®’

Generally, high incidence of breast cancer is mirrored by the
highest absolute excess risk of 30.8 (per 10 000 person-years) even
with lower but still significant standardised incidence ratio of 4.4. On
the other hand, AER values are showing how massive is excess in the
risk of developing these SC. Various types of second cancers were
described in different periods after diagnosis of HL as well as after
different type of initial treatment.

Patients with HL are generally at greater risk of developing SC.
A number of retrospective analyses have been published so far10
including a meta-analysis assessing 15 randomised clinical trials with
as many as 3343 patients.!! Most of these analyses calculated the
SIR and AER for the history of the diagnosis of HL itself and com-
pared the incidence of site second cancers in HL patients with the
estimated incidence of comparable cancers in the normal patient
population. In our analysis, we focused on HL survivors in terms of
their treatment and how their treatment may have affected their
long-term survival. Taking into account the site of radiation as a risk
factor, AER of breast cancer is 46.9 compared to 30.8 AER for the
whole Hodgkin’s lymphoma population, showing how significant the
risk factor using radiation therapy is. Efforts to reduce the risk of SC
have led over time to reduce the radiation field to what is currently
standard recommendation (so called involved site irradiation).X?
The role of radiotherapy was also evaluated in recently published
Cochrane systematic review (individual participant data of patients
treated within clinical trials) showing that omission of additional ra-
diotherapy probably reduces SC incidence. Nevertheless, for early
stages, reduced field or reduced-dose radiotherapy did not appear
to markedly affect efficacy or secondary malignancy risk.® Still, long
follow-up is needed to evaluate the effect of currently reduced tar-
get volumes as well as reduced safety margins for setup errors re-
ductions, which is currently enabled thanks to technical advances in
radiotherapy technology.

The initial stage of the disease also influences the risk of SC.
One may assume that patients with early stage of HL are treated
in general practice by less aggressive therapies what is consistent
with available evidence including further recent Cochrane review.'®
Moreover, the addition of radiotherapy to chemotherapy has prob-
ably little or no difference on OS in early stage HL.X® On the other
hand, in more advanced stages of HL, there was insufficient evidence
to determine the effect of chemotherapy intensification on SC in
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TABLE 5 Site-specific risk of second primary malignancy after
Hodgkin lymphoma - malignancies within the field of irradiation.
The table includes only cancers, where at least one case occurred

Second malignancy ::‘92 SIR 95% CI AER

NMSC? 3 15.5° 3.2-45.4 200.3
Thyroid? 6 14.1° 5.2-30.8 71
NHL? 7 10.1° 4.1-20.8 7.5
Liver® 3 7.4% 1.5-21.5 3.8
Kidney? 3 7.1° 1.5-20.8 12.3
Leukaemia® 5 7.0? 2.3-16.3 51
Breast, females® 22 6.4° 4.0-9.7 46.9
Stomach? 7 6.1° 2.4-12.5 7.5
Colon and rectum? 8 4.9° 2.1-9.6 22.8
Ovary 1 4.9 0.1-27.3 9.1
Lung® 17 4.1° 2.4-6.6 17.0
Cervix uteri 1 3.9 0.1-21.8 8.4
Uncertain behaviour 2 3.7 0.4-13.2 1.7
Corpus uteri 1 3.5 0.1-19.4 8.0
Oral cavity, pharynx 2 2.8 0.3-10.1 2.0
Pancreas 1 2.8 0.1-15.6 2.4
Biliary tract 1 2.3 0.1-12.7 0.8
Other cancers 2 1.2 0.1-4.4 0.5

NMSC, nonmelanoma skin cancer; NHL, non-Hodgkin's lymphoma; No.,
number of cases; SIR, standardised incidence ratio; Cl, confidence inter-
val; AER, absolute excess risk per 10 000 person-years.

Indicates significant result (Cl not overlapping 1).

general, however, the rate of secondary acute leukaemias was prob-
ably higher than among those who had treatment with standard-
dose ABVD-like protocols and evidence suggesting improved
survival with intensified chemotherapy was not conclusive.® These
observations are consistent with long-term results of HD200O trial
of advanced stage HL comparing three different intensified regimes,
where lower mortality rates resulting from SC were observed after
treatment with less aggressive regimen (ABVD).** In our analysis, we
did not observed significant correlation of SC and the initial stage.
The results of subsequent studies, including trials evaluating the role
of immunotherapy, will further expand the understanding of the risk
of SC. The role of immune system before therapy is increasingly rec-
ognised to determine the general condition of immune surveillance
against malignant diseases®® or prognosis. Pretreatment neutrophil/
lymphocyte ratio and platelet/lymphocyte ratio was shown to be

L.X® Current renaissance

prognostic of progression in early stage H
in immunotherapy will subsequently influence the treatment re-
sults and possibly the risk of SC, similarly as in novel treatment ap-
proaches in solid cancers.>1718

On the basis of our initial analysis of HL survivors,*’ we suggested
special follow-up schema for patients after initial HL treatment and

utilised this approach in last decade finding it possible, effective and
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HL survivors at risk of
following secondary cancer

Breast cancer

Recommendation for site-specific follow-up

TABLE 6 Recommendations for HL
survivors follow-up

To follow the American Cancer Society recommendation for

high risk breast cancer patients, that is ultrasonography until
the age of 40/mammography/MRI once a year, no later than 8
years after completion of radiotherapy or after reaching

30 years of age.

Gastric cancer

Gastroscopy once a year, no later than 10 years after comple-

tion of radiotherapy besides standard annual clinical

examination

Colon/rectal cancer
whenever any suspicion arises.

Thyroid gland within the
radiation field

Lung cancer

Faecal occult bleeding test once a year and colonoscopy

Serum TSH and FT4 levels examined annually, followed by
ultrasonography examination whenever any suspicion arises.

Active antismoking programme and perform imaging exam in

the event of any symptoms. Screening programme, preferably
with low dose thoracic CT questionable

HL, Hodgkin’s lymphoma; TSH, thyroid-stimulating hormone; FT4, free thyroxine.

acceptable to healthcare providers and payers. The system depends
on gender, form of HL treatment and especially the form of radia-
tion therapy in terms of location of radiation fields. Recommended
schema is summarised in Table 6.

Our study has several limitations, mainly related to retrospective
nature of analysis. From methodology point of view, limitation is in
SIR calculation itself and in estimation of cancer incidence rates be-
fore 1977, which was assumed equal to those observed in 1977-1979
according to Czech National Cancer Registry. It is also important to
acknowledge radiotherapy techniques which were used in our pa-
tients. Most of these patients were treated before 1980 with dosages
and field setups which are now considered to be outdated. Further,
mono-radiotherapy is no currently state of the art treatment in any
stage of HL. At that time, extensive radiotherapy fields and the follow-
ing involved field’s definitions were based mainly on bony landmarks
and therefore rather rigid concepts. Modern radiotherapy (with so
called involved-node and involved-site RT) considers multimodal im-
aging as well as anatomic changes during therapy.?° With these new
approaches, comparing to some older techniques as mantel filed tech-
nique or inverted-Y irradiation,?! one may expect reduced risk of ra-
diotherapy induced SC in the future.®**'>222% Reduced dose to 20 Gy
comparing to 30 Gy in early stage HL was also shown noninferior is
some randomised clinical trials.?* Nevertheless, there are still many
patients surveilled in clinical practice, who were irradiated by these
older radiotherapy techniques and with increasing prevalence, there
is a need of updated reasonable follow-up schemas as provided in our
study. We aimed to describe the whole consecutive cohort of patients
treated in general clinical practice outside of clinical trials, what may
also bias results considering wide range of stage, dosage of medica-
tion used or age of patients. Younger patients are more vulnerable to
radiotherapy and may therefore have an increased absolute/relative
risk for SC, nevertheless, the incidence of malignancies normally peaks
at higher ages and that is why the absolute number of occurring SC (or
supposed SC) is much higher when regarding older patients.?>
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In summary, patients with HL are generally at great risk of
developing SC, which is significantly increased especially by
the use of radiotherapy. Unlike HL, second solid cancers in
advanced stages are generally fatal for the patient. Intensive
site-specific follow-up to reveal SC in early curable stages is
needed to maintain benefit of initial oncology treatment as well
as maintain everyday joyful being of our HL survivors for as

long as possible.
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9. Zaveér

Lécba HL proSla v poslednich desetiletich mimoradné dynamickym vyvojem a
vysledkl bylo dosazeno zejména zavedenim novych terapeutickych postupu, jejichz
ucinnost a bezpecnost byly nasledné ovéfeny v rozsahlych mezinarodnich klinickych
studiich. V soucasnosti tak vétSina pacientd dosahuje dlouhodobé remise. Cilem
moderniho terapeutického pfistupu jiz neni pouze maximalizace ucinnosti, ale
soucasné také minimalizace akutni i pozdni toxicity a zachovani co nejleps$i kvality

Zivota dlouhodobé prezivajicich nemocnych.

Publikace zafazené do této disertaCni prace dokumentuji jednotlivé etapy tohoto
vyvoje a zaméfuji se na klinicky vyznamné otazky souvisejici s optimalizaci Ié€ebnych
strategii. Studie realizované v ramci Némecké studijni skupiny pro HodgkinGv lymfom,
na nichz jsem se podilel jako spoluautor, pfispély k vytvofeni sou€asnych standardd
|éCby Casnych i pokrocilych stadii onemocnéni. Studie HD10 prokazala moznost
bezpecné deeskalace |éCby u pacientu s Easnym pfiznivym HL, zatimco studie HD14
potvrdila vyznam kratké intenzifikace 1éEby u nemocnych s Casnym nepfiznivym
onemocnénim. Studie HD15 nasledné optimalizovala |éCbu pokrodilych stadii
zavedenim Sesti cykll eskalovaného BEACOPP a PET-fizené indikace konsolidacni
radioterapie, ¢imz vyznamné pfispéla ke snizeni dlouhodobé toxicity pfi zachovani
vysoké léCebné ucinnosti.

Dalsi publikace zafazené do disertalni prace rozsifuji poznatky o vyznamu FDG-
PET/CT pfi hodnoceni |éEebné odpovédi, o prognostickych faktorech ovliviiujicich
vysledky léCby, o klinickém vyznamu extranodalniho postizeni, expresi PD-L1,
sekundarnich malignitach i o mozZnostech lé¢by relabovaného a refrakterniho HL
pomoci brentuximab vedotinu. Tyto prace pfispivaji k lepSimu pochopeni biologické
heterogenity onemocnéni a podporuji individualizaci 1é€ebného pfistupu v bézné

klinické praxi.

PfedloZzeny soubor praci dokumentuje dlouhodobou a aktivni u€ast autora na védecké
¢innosti zamérfené na optimalizaci IéCby HL, identifikaci prognostickych a prediktivnich
faktord a moznosti individualizace terapeutického pfistupu. Jednotlivé publikace
nepfredstavuji izolované studie zamérfené na nesouvisejici problematiku, ale naopak

dokumentuji postupny vyvoj odborného zamérfeni autora — od aktivni ucasti na
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mezinarodnich klinickych studiich az po vlastni klinicky vyzkum zaméfeny na
identifikaci prognostickych a prediktivnich markerd vyuzitelnych pfi individualizaci
[éCby. Vzajemna tematicka a Casova navaznost jednotlivych praci odrazi vyvoj
moderniho pfistupu k [é¢bé HL, od standardizovanych lé€ebnych postuptl smérem k
terapii zohlednuijici biologické charakteristiky nadoru a individualni riziko konkrétniho

nemocného.
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