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ABSTRAKT

Uvod:

Mnohocetny myelom je maligni onemocnéni krvetvorby charakterizované klonélni proliferaci
plazmocytii. M4 velmi heterogenni klinicky prubéh. Zvlastni podskupinu predstavuje
extraosealni mnohocetny myelom charakterizovany pfitomnosti plazmocytomi mimo kostni
dren. Tato forma onemocnéni je vétSinou spojena s neptiznivou prognodzou.

Metody:

Habilitacni praci tvoti soubor komentovanych publikaci. Tykaji se moznosti diagnostiky a
1écby extraosealnich forem mnohocetného myelomu.

Vysledky:

Data ukazuji, ze primérni paraskeletarni plazmocytomy (asociované s kostnimi lozisky)
neovliviiuji progndézu negativné, zatimco extramedularni plazmocytomy (rostouci v mekkych
tkdnich) jsou spojeny s vyznamn¢ kratSim piezitim. Molekularni analyzy potvrzuji, ze aberace
chromozomu 1 (gain(1q21), del(1p32)) a mutace MAPK dréhy jsou klicovymi prediktory
rozvoje extramedularniho myelomu. Sekundarni extrameduldrnim myelom vykazuje
rezistenci na standardni 1é¢bu i moderni imunoterapii véetné bispecifickych protilatek.
Zavér:

Extraosedlni mnohocetny myelom je stale vyzvou klinické i experimentalni hematologie.
Ptestoze byly identifikovany vyznamné genetické faktory a popsany kli€ové rozdily mezi
paraskeletarnimi a extramedularnimi formami, terapeutické moznosti zistavaji omezené.
Dalsi pokroky lze o€ekéavat od integrace molekularni diagnostiky, novych zobrazovacich

metod a imunoterapie cilené na vice antigent.

KLICOVA SLOVA:
mnohocetny myelom, extramedularnim plazmocytom, paraskletarni plazmocytom,

molekularni prediktory



ENGLISH ABSTRACT

Introduction:
Multiple myeloma is a hematologic malignancy defined by the clonal proliferation of plasma

cells. The clinical presentation is notably heterogeneous. Extramedullary multiple myeloma
constitutes a distinct subset, marked by the occurrence of plasmacytomas outside the bone

marrow, and is generally associated with a poorer prognosis.

Methods:
This habilitation thesis consists of a set of commented publications focused on the diagnostic

and therapeutic aspects of extramedullary forms of multiple myeloma.

Results:

The data show that primary paraskeletal plasmacytomas (associated with bone lesions) do not
negatively affect prognosis, whereas extramedullary plasmacytomas (growing in soft tissues)
are associated with significantly shorter survival. Molecular analyses confirm that
chromosome 1 aberrations (gain(1q21), del(1p32)) and mutations in the MAPK pathway are
key predictors of extramedullary myeloma development. Secondary extramedullary myeloma
demonstrates resistance to both standard therapies and modern immunotherapies, including

bispecific antibodies.

Conclusion:

Extramedullary multiple myeloma remains a major challenge in both clinical and
experimental hematology. Although significant genetic factors have been identified and
essential differences between paraskeletal and extramedullary forms have been described,
therapeutic options remain limited. Further progress can be expected from the integration of

molecular diagnostics, novel imaging methods, and multi-targeted immunotherapy.

KEY WORDS: multiple myeloma, extramedullary plasmacytomas, para-skeletal

plasmacytomas, molecular predictors
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1. Uvod:

Mnohocetny myelom je maligni monoklonélni gamapatie. Nadorové klonalni
plazmatické buiiky svou proliferaci a sekre¢ni aktivitou poskozuji organové systémy
nemocného (1). Onemocnéni postihuje prevazné starsi populaci (median véku 69 let, jen 1 %
nemocnych mladsich 40 let), s incidenci 6,6/100 000 a prevalenci 31,9/100 000 (2,3).

Typickymi projevy jsou osteolytické 1éze, hyperkalcémie, anémie a rendlni insuficience.

Diagnostika zahrnuje detekci monoklonalniho imunoglobulinu v séru nebo moci a prikaz
organového poskozeni, coz zahrnuje vySetfeni krevniho obrazu, zdkladnich biochemickych
parametr (tj. iontogram, renalni a jaterni funkce atd.) a zobrazovaci vySetieni skeletu (4).
Standardem mezi zobrazovacimi metodami je low-dose CT nebo celotélova MR, ptipadné
dopInéné o FDG-PET/CT (5; 6). Pro stanoveni diagnozy je nezbytné provést i vySetfeni
kostni dien¢ — jak klasickou morfologii, tak pratokovou cytometrii (7). Prognosticka
stratifikace vyZaduje genetické vySetfeni nadorovych bunék, pfi¢emz za rizikové faktory jsou
povazovany translokace t(4;14), t(14;16), t(14;20), aberace chromozomu 1, delece 17p a
mutace TP53 (8). Na naSem pracovisti je standardné vyuzivana kombinace I-FISH a
panelového NGS vysetteni (9). Prognosticky vyznam ma také kvantifikace cirkulujicich

plazmocyti (10; 11).

Lécebné strategie se odvijeji od véku a stavu nemocného. Pacienti mladsi 70 let a v
dobré kondici podstupuji indukei modernimi ¢tytkombinacemi s anti-CD38 protilatkou,
inhibitorem proteasomu, lenalidomidem a kortikosteroidem, nasledovanou
vysokodavkovanou chemoterapii a autologni transplantaci (12; 13). U vysoce rizikovych
pacientl je indikovana tandemova transplantace (14). Nasleduje konsolidace a udrzovaci
1é¢ba, v CR standardné lenalidomidem (15), nové se prosazuje kombinovana udrzovaci
terapie pomoci anti-CD38 protilatek (16). U casti pacientl se standardnim rizikem se

diskutuje 1 mozny kurativni potencial 1éby (1).

U starSich pacientli bez transplantace je preferovana troj- ¢i ctyfkombinace s anti-CD38
protilatkou (17; 18). V klinickych studiich se testuji i bispecifické protilatky a CAR-T bunky
(19,20,21). Lécba relapsu se tidi predléCenosti, v pokrocilych liniich jsou indikovany

bispecifické protilatky ¢i CAR-T (22; 23).



Za poslednich 20 let se diagnostika i terapie myelomu zasadné proménily. Z pivodné
infaustniho onemocnéni se stalo u vétSiny pacientti chronické nadorové onemocnéni a u

vybrané skupiny lze o¢ekavat i kurativni potencial (24).



2. Extraosealni mnohocetnym myelom

2.1.Historie vyzkumu extraosealniho mnohocetného myelomu na LF MUNI

Pracovni skupina pro mnohocetny myelom ma na IHOK FN Brno jiz dlouhou tradici a
je jeji soucasti jiz od pocatku kliniky. Autor této prace se jiz jako student LF podilel na
vyzkumnych aktivitach na poli monoklonalnich gamapatii (25) a po absolutoriu LF a
zaméstnani na [THOK je nedilnou soucasti této skupiny. V prvnich letech prace na klinice se
autor vénoval v ramci doktorského studia optimalizaci 1€¢by mnohocetného myelomu novymi
I€ky (26, 27, 28). Od dokonceni doktorského studia je klicovym tématem autora extraosealni
mnohocetny myelom. Od roku 2024 je autor také Skolitelem studentky 3. ro¢niku LF
(program pro nadané studenty P-Pool) jejimz tématem jsou ,,Klinické a molekularni aspekty

pacientl s extraosedlnim mnohocetnym myelomem®.

Vyzkum extraosealniho mnohocetného myelomu ma v Pracovni skupiné pro
mnohocetny myelom rovnéZ dlouhou tradici. Zasadni mezindrodni vyznam maji préce ,, Sof?-
tissue extramedullary multiple myeloma prognosis is significantly worse in comparison to
bone-related extramedullary relapse “ Prof. MUDr. Lud’ka Poura, Ph.D., jako prvni popisujici
extrémné agresivni chovani sekundarnich extraoseéalnich plazmocytomt v mékkych tkanich
(29), ,,Cytogenetics in multiple myeloma patients progressing into extramedullary disease *
RNDr. Lenky Besse, Ph.D. porovnavajici parové vzorky extraosealnich plazmocytomu a
kostni dien¢ (30) ¢i ptehledovy ¢lanek ,,Extramedullary disease in multiple myeloma -
controversies and future directions® (31) doc. RNDr. Sabiny Sevéikové, Ph.D. Extraosealni

myelom je taktéz dulezitym tématem v ramci rozséhlé celorepublikové spoluprace v dikci

Ceské Myelomové Skupiny (32,33).

2.2.Definice a typy extraosealniho mnohocetného myelomu
Nédorové plazmatické buiiky mnohocetného myelomu jsou u vétSiny pacientil zavislé
na mikroprostfedi kostni diené. Loziska mnohocetného myelomu, nazyvana plazmocytomy,
se vSak mohou nachdzet i mimo mikroprostiedi kostni diené. Takto tvofi mimo-kostni, tzn.

extraosealni plazmocytomy (31).

10



Nézvoslovi extraosealnich plazmocytomi je bohuzel mezinarodné nekonzistentni.
V Ceské Myelomové Skupiné se od roku 2021 pouZiva nazvoslovi navrzené Laurou Rosignol
v kooperaci se v§emi vyznamnymi evropskymi centry pro 1é€bu tohoto onemocnéni. LoZiska
mnohocetného myelomu mimo kostni dien nazyvame extraosealni plazmocytomy. Ty dale

délime na paraskeletarni plazmocytomy a extramedularni plazmocytomy (34).

Paraskeletarni plazmocytomy jsou mékkotkanova loziska asociovana s kostnimi
osteolytickymi lozisky, ze kterych ptimo vyrtstaji. Extramedularni plazmocytomy jsou
mekkotkanova loziska rostouci v riznych typech tkani zcela bez zavislosti na kostni dreni.
Mohou infiltrovat jakékoliv tkdné€. Nejcastéji pojiva, parenchymatozni organy, kiizi a vzacnéji
také CNS. Za extrameduldrni projev mnohocetného myelomu se také povazuji maligni
vypotky a nalez malignich plazmocyti v likvoru. Ve vztahu k 1écbé rozliSujeme primarni
extraosealni mnohocetny myelom. Jedna se o onemocnéni, které je s extraosealnim
plazmocytomem nové diagnostikovano a neni zde zadny vztah k 1éc¢bé. Dale pak sekundarni
extraosealni mnohocetny myelom, ktery vznika jako obraz rezistence onemocnéni na 1écbu.
Sekundarni extraosedlni mnohocetny myelom je zpravidla agresivni onemocnéni spjaté s

¢asnou mortalitou (29, 35).

Pro vylouceni zamény je vhodné zminit diagnozu solitdrniho plazmocytomu a solitarniho
plazmocytomu s minimalni infiltraci kostni den€. Toto onemocnéni nespliiuje diagnosticka
kritéria mnohocetného myelomu. Jedna se o vylucné solitarni lozisko (kostni ¢i
meékkotkanové), bez pritomnosti jinych znamek orgdnového poSkozeni. V nékterych
ptipadech muize byt doprovazenou malou infiltraci kostni dfené klonalnimi plazmocyty (do 10
% ze vSech jadernych bunék kostni diené) (1). Déle v tomto textu je rozebirana jen
problematika extraosedlnich plazmocytomu u pacientd, ktefi splnili diagnosticka kritéria pro

symptomaticky mnohocetny myelom.

2.3.Molekularni patogeneze extraosealniho mnohocetného myelomu

Proces onkogeneze mnohocetného myelomu lze zjednodusené¢ popsat jako postupnou
maligni transformaci B-lymfocytl v klonalni plazmatickou buiiku odpovidajici fenotypu
benigni monoklonalni gamapatie nejist¢ho vyznamu. Dalsi genetické a epigenetické zmény
urcuji proliferacni potencial bunck (36), jejich schopnost uniknout imunitnimu dohledu (37),

uvolnit se z mikroprostiedi kostni dfené a cirkulovat v periferni krvi (38), indukovat
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osteolyzu (39) nebo potlacit zdravou erytropoézu (40). Tyto fenotypové zmény odpovidaji

symptomatickému mnohoc¢etnému myelomu, ktery vyzaduje 1é¢bu.

Extraosealni expanze malignich plazmocytl je komplexni vicestupniovy proces, ktery je
vysledkem klonalni evoluce. Nadorové bunky ptivodem z kostni dien¢ ziskavaji schopnost
migrace, usazeni a preziti bud’ v okoli osteolytickych loZisek (paraskeletalni plazmocytomy),
nebo v mékkych tkanich ¢1 organech kdekoliv v téle (extramedularni plazmocytomy). I pfes
odli$nou anatomickou lokalizaci si tyto buiiky zachovavaji zékladni vlastnosti plazmocytl z

kostni dien¢, ale ziskavaji 1 nové charakteristiky (31).

Geneticky podklad téchto zmén neni zcela objasnén. Autorem byla prokazéana vyssi
frekvence aberace gain(1g21) u nové diagnostikovanych pacientl s naslednym rozvojem
extramedularniho postiZeni (41). Pozdé&ji se ukazalo, Ze riziko extramedularniho relapsu je
vy$si u pacientll s mutacemi v MAPK draze (mitogen-activated protein kinase) v kombinaci s
gain(1q21) (33, 42). Autorem byla dale prokdzana silnd vazba deleci v oblasti 1p32 na vyskyt
extramedularniho onemocnéni (43). Bialelické delece oblasti 1p32 nebo kombinace
del(1p32) se zisky v oblastech 1q21 ptedstavuji vyznamné rizikové faktory (8, 44). Spolecny
vyskyt téchto aberaci je spojen s nepiiznivou prognozou. Pacienti bez téchto aberaci
ptekvapiveé nejevili znamky agresivniho chovani onemocnéni ani v ptipadé sekundarniho
extramedularniho myelomu. Analyza parovych vzorki kostni diené a tkan¢ extrameduldrnich
plazmocytomil ukazala, ze delece 1p32 jsou témet vzdy sdilené, coz naznacuje, Ze by se
mohlo jednat o Casnou a dilezitou udalost ve vyvoji extramedularniho myelomu (43). Pti
genomické analyze (NGS panel LYNX, (9)) tkéni paraskeletarnich a extramedularnich
plazmocytomu i parovych plazmocytt kostni diené byla potvrzena vazba deleci chromozomu
1 na extrameduldrni plazmocytomy. Tyto delece Casto zahrnovaly tumor supresorové geny
TENTSC v oblasti 1p12 a CDKN2C v oblasti 1p32. V tkanich plazmocytom byly
identifikovany nové aktiva¢ni mutace MAPK drahy (KRAS, BRAF) nebo bialelické
inaktivace tumor supresorovych genti TP53, RB1 a SAMHDI1 (45).

Nalezy autora odpovidaji soucasnému poznani genetickych zmén extramedularnich
plazmocytomi. Tyto vykazuji vy$si mutacni néloZ nez buiiky kostni dien¢ (46), Casté jsou
mutace MAPK dréhy a aberace chromozomu 1 (47, 46, 33) i ztraty tumor-supresorovych
gentl vedouci ke genomické instabilite. U pacienti bez mutaci MAPK drahy se objevuji
translokace IGH::MAF/MAFB spojené s horsi progndzou (47) a mutace epigenetickych
regulatorti (EP300, ARID1A, EZH2, KMT2A/B) (46, 33). Nadorové bunky ztraceji adhezni
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molekuly (CXCR4, CCR1, CCR2, NCAM) i povrchové molekularni terapeutické cile (CD38,
SLAMF7, BCMA, GPRC5D, FCRHSY) (33). Mikroprostfedi je chudé na CD8+ T a NK bunky,
pfitomné T-lymfocyty jsou vyCerpané a exprimuji PD-1, LAG-3 a TIM-3. Typicka je vyrazna
prostorova heterogenita exprese antigenti (BCMA, GPRCS5D), zvySena exprese BCL2 a
EZH2 a sniZena exprese CD38 (48).

Paraskeletarni plazmocytomy jsou genomicky heterogenni — od indolentnich po vysoce
rizikové s profilem podobnym extrameduldrnim 1ézim (43,45). Jejich mikroprostredi
charakterizuje dominance nadorovych plazmocytil, vycerpané NK a T bunky a M2-like
makrofagy (alternativné aktivované makrofagy podporujici nadorovy rist), se snizenou
produkci CXCL12, KITL a IL7 a zvySenou expresi ANXAT1, STC1 a VEGFC. Prostorova
analyza ukazuje vyraznou intraleziondlni heterogenitu s paralelni klonalni evoluci a adaptivni

imunitni odpovédi (49).

2.4.Extraosealni plazmocytomy u nové diagnostikovaného mnohocetného myelomu

Extraosealni plazmocytom u nové diagnostikovaného mnohocetného myelomu se nékdy
oznacuje jako tzv. primarni. Opét se miize manifestovat jak v oblasti pfiléhajici
k osteolytickym loZiskiim (primarni paraskeletarni plazmocytom) ¢i vzacnéji v mékkych
tkanich, parenchymatéznich organech ¢i CNS (primarni extramedularni plazmocytom). Pro

velmi odlisné biologické chovani a prognézu budou tyto jednotky diskutovany oddélen€.

2.4.1. Primarni paraskeletarni plazmocytomy

Primarni paraskeletarni plazmocytomy jsou diagnostikovany ptiblizné u 20-25 %
nov¢ zjisténych ptipadi mnohocetného myelomu. Incidence téchto nalezli v poslednich letech
narustd, coz je dano Sirsi dostupnosti vysoce senzitivnich zobrazovacich metod (6, 50). Data
Spanélskych autorii udévaji incidenci 20 % za obdobi mezi lety 2000-2018 (51). Nejcastejsi
lokalizaci paraskeletarnich plazmocytomt je oblast hrudniku (2540 %) a axialniho skeletu
(3943 %). Mén¢ casto se vyskytuji v oblasti lebky (4-13 %), panve (11-15 %) a dlouhych
kosti (1-6 %) (51, 52).

Soucasné vysledky ukazuji, ze progndza pacientll s primarnimi paraskeletarnimi

plazmocytomy je srovnatelnd s progndzou pacientil s intraosealnim mnohocetnym myelomem
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(51, 52, 53). Autor analyzoval ¢eska data z realné klinické praxe za obdobi 2004 — 2021.
Vice-rozmérna analyza upravend na R-ISS stadium neprokdzala ptitomnost primarniho
paraskeletarniho plazmocytomu jako rizikovy faktor pro PFS (HR 1,10; 95% CI: 0,90-1,36; p
=0,343) ani OS (HR 1,10; 95% CI: 0,87-1,39; p = 0,431). Kli¢ovym rizikovym faktorem pro
dlouhé pteziti byla mal4 nddorova naloz - pacienti s nizkou intramedularni nddorovou nalozi
(<5 % plazmocytt pfi splnéni kritérii mnohocetného myelomu) vykazovali nejlepsi prognézu
—median PFS ¢inil 58,3 mésice (95% CI: 33-NA) a median OS nebyl dosazen. Tato skupina
byla rovnéz spojena s dal§imi nizce rizikovymi charakteristikami, jako ISS stadium 1, nizsi

podil klonalnich plazmocytt v kostni dieni ¢i absence translokaci /GH genu (54).

2.4.2. Primarni extramedularni plazmocytomy

Extramedularni plazmocytomy u nové diagnostikovaného myelomu jsou velmi
vzéacné. Tykaji se zhruba 1-2,4 % nové diagnostikovanych pacienti. Nejcastéjsi lokalizaci
jsou ledviny a uropoeticky trakt (6-60%), ktize (20 - 30%), lymfatické uzliny (17%), CNS (4-
10%), plice a dychaci cesty (6-23%), gastrointestinalni trakt a jatra (5-21%) a maligni
vypotky (3-5%) (55, 51, 53).

Oproti paraskeletarnim plazmocytomim jsou primarni extramedularnim
plazmocytomy vesmés agresivni nadory, jejichZ pfitomnost vede ke zkraceni pieziti pacientll
s nove diagnostikovanym mnohocetnym myelomem (51) Je vSak nutné fict, Ze negativni
prognosticky dopad primarnich extramedulérnich plazmocytomt neni tak vyznamny jako téch
sekundérnich, vzniklych rezistenci na 1é¢bu (median OS: 46,5 mésice vs 11,4 mésice;
p=0,001) (56). Vice-rozmérnou analyzou korigovanou na R-ISS autor potvrdil negativni
dopad primarniho extramedularniho myelomu i v ¢eské kohorté pacientti (PFS: HR 1.70 (95
% CI: 1,29-2,26); p<0,001 a OS: HR 1,38 (95 % CI: 1,01-1,90), p=0,046). V dob¢ publikace
se jednalo o nejvétsi soubor pacientl s primarnimi extrameduldrnim myelomem. Autor dale
hledal rizikové faktory, které ur€uji agresivitu primarnich extramedularnich plazmocytomu
vzhledem k jejich anatomické podobnosti, ale rozdilné progndze oproti sekundarnim
extramedularnim plazmocytomiim. V kohorté€ pacientd s >3 extramedularnimi plazmocytomy
byla prognoza signifikantné horsi nez u pacientii s méné plazmocytomy (median PFS: 11.1
mésice (95% CI 7,0-16,3) a median OS 16,9 mésice (95% CI: 9,1 — NA)). Zajimavym faktem

je, ze vetsi extramedularni nadorova naloz nebyla asociovana s vy$$imi ISS ¢i R-ISS stadiem,
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infiltraci kostni dfené, Cetné€j$imi osteolytickymi loZisky ¢i nepfiznivymi cytogenetickymi

aberacemi (54).

2.5.Sekundarni extraosealni mnohocetny myelom

Sekundarni extraosealni plazmocytomy vznikaji u 1é¢enych pacientli nejcastéji v disledku
I€kové rezistence. Bez ohledu na vztah ke kostnim loziskiim se jedna o vysoce agresivni
nadory, které se nejzavaznéji projevuji v mékkotkanovych (extramedularnich) lokalizacich
(29). Jejich incidence v Case nartsta — od 60. let do prvni dekady nového milénia vzrostla
témét osmkrat (57). Tento trend je dan jednak dostupnosti vysoce citlivych zobrazovacich
metod, ale také celkové del§Sim pfeZivanim pacientll s mnohocetnym myelomem. Intenzivné
diskutovana je otazka, zda 1é¢ba miize indukovat tuto agresivni formu onemocnéni procesem
klonalni selekce (31). Dosud vSak nebylo prokazano, ze inhibitory proteasomu nebo IMiDy
zvySuji incidenci extrameduldrniho onemocnéni (58,59). V soucasnosti se extramedularni

plazmocytom popisuje az u 40 % pacientt s refrakternim nebo relabovanym myelomem (23).

Analyza dat z Ceské realné klinické praxe ukazuje, ze ptitomnost sekundarniho
extraosealniho plazmocytomu piedstavuje nezavisly negativni prognosticky faktor (PFS: HR
1,39; 95% CI 1,06-1,81; p = 0,016; OS: HR 1,61; 95% CI 1,20-2,15; p = 0,001) (42). Vyvoj
vysledkt 1écby v €ase je malo povzbudivy. V kohorté 1é€ené v letech 2005-2008, kdy 60 %
pacientt dostavalo bortezomib nebo thalidomid, ¢inil po vzniku sekundédrniho extraosedlniho
plazmocytomu median OS 12 mésicti u paraskelarnich plazmocytomu a pouze 5 mésicti u
extramedularnich 1€zi (29). Ani novéjsi autorova analyza z obdobi 2005-2017, zahrnujici 30
% pacientl s extramedularnimi plazmocytomy a 85 % pacienti predlécenych inhibitory
proteasomu a/nebo IMiDy, neukazala zasadné€ odlisné vysledky: medidn PFS po vzniku 1éze

dosahl 4,7 mésice (95% CI 3,5-5,8) a median OS 8,6 mésice (95% CI 6,3-11,0) (41).

Neprilis pozitivnich vysledkt bylo dosazeno také pii 1é¢bé anti-CD38 protilatkou
daratumumabem. U pacientil se sekundarnim extraosealnim plazmocytomem byl medidn PFS
9,9 mésice (95% CI 3,9-16,5) (60). Rezistence téchto 1ézi na anti-CD38 monoklonalni
protilatky souvisi se snizenou expresi CD38 na povrchu malignich plazmocyti (32). Podobné
nepiizniva jsou i dosavadni data pro 1é¢bu bispecifickou protilatkou teclistamabem —u
pacientl se sekundarnim extramedularnim plazmocytomem byl median PFS jen 3,9 mésice
(95% CI 1,4-NA) a median OS 11,0 mésice (95% CI 5,0-NA). U pacientt s paraskeldrnimi
loZisky ¢inil medidn PFS 10,1 mésice (95% CI 6,4-NA), zatimco median OS nebyl dosazen
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(61). V tomto ptipadé€ je rezistence dana anergnimi ¢i senescentnimi T-lymfocyty

v plazmocytomech (33, 49).

2.6.Nové perspektivy v diagnostice a 1é¢bé extraosealniho myelomu.

Diagnostika extraosealniho mnohocetného myelomu se v poslednich letech vyznamné
posunula diky modernim zobrazovacim metodam. Kromé standardniho FDG-PET/CT a
celotélové MR se zkoumaji nové trasery jako 11C-methionin nebo CXCR4, které¢ umoziuji
detekci lozisek s nizkou glykolytickou aktivitou (62). Uméla inteligence a radiomika se jevi
jako slibné nastroje schopné identifikovat ¢asné obrazové znaky agresivnich forem myelomu,
vcetné extramedularniho postiZzeni, z FDG-PET/CT a MR vysetteni. Tyto vysledky jsou vSak

zatim omezeny na exploratorni studie a vyzaduji validaci na rozséhlejSich kohortach (63).

Hmotnostni spektrometrie piedstavuje novou metodu pro sledovani minimalni
rezidudlni choroby. Umoziiuje detekovat stopova mnoZzstvi monoklonélnich imunoglobulint v
periferni krvi s vys$i citlivosti nez klasicka elektroforéza nebo imunofixace a muze tak
poskytnout méné invazivni alternativu k opakovanym vySetfenim kostni diené (64). Tento
postup by mohl téz najit vyuZziti u extrameduldrniho postizeni, kde az 50 % pacientii miZze mit
oligo-sekre¢ni onemocnéni ¢i dynamiku onemocnéni neodpovidajici dynamice paraproteinu

(65)

Analyza cirkulujici nddorové DNA (ctDNA) piedstavuje dalsi slibny neinvazivni
pfistup k hodnoceni aktivity extramedularniho mnohocetného myelomu. Studie ukazuje, Ze
ctDNA dokaze 1épe odrazet velikost nddorové masy a dynamiku onemocnéni u extraosealniho
myelomu citlivéji nez standardni metody (66). Na naSem centru tuto slibnou technologii nyni

intenzivné studujeme s cilem zptesnéni sledovani pacientt s extrameduldrnim onemocnénim.

Efektivita bispeficickych anti-BCMA protilatek teclistamabu a elranatamabu je u
extramedularniho myelomu nizka. Jedno z moznych vysvétleni je T-bunécnd anergie a
snizend exprese BCMA antigenu na nadorovych buiikach (23). CAR-T buiiky cilené proti
BCMA (preparat cilta-cel) v soucasnosti vykazuje u t€chto nemocnych nejvyssi efektivitu.
Aktivitu jesté zvySuje sniZzeni nddorové masy pied poddnim CAR-T bunék (67). Perspektivni
jsou také kombinace bispecifickych protilatekvéi CAR-T bun€k s dudlnim cilenim (napf.
BCMA+GPRC5D), které vykazuji vyssi ucinnost u nemocnych s extrameduldrnimi lozisky

(68, 23)
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Summary

Multiple myeloma (MM) is characterized by malignant plasma cell infiltra-
tion of the bone marrow. In extramedullary multiple myeloma (EMD), a
subclone of these cells migrates out of the bone marrow. Out of 4 985 MM
patients diagnosed between 2005 and 2017 in the Czech Republic, we ana-
lyzed 234 secondary EMD patients to clarify risk factors of secondary EMD
development. We found younger age [<65 years; odds ratio (OR) 4-38,
95% confidence interval (CI): 2-46-7-80, P < 0-0001), high lactate dehydro-
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g (LDH) levels (>5 pkat/l; OR 2-07, 95% CI: 1-51-2-84, P < 0-0001),
extensive osteolytic activity (OR 2-21, 95% CI: 1-54-3-15, P < 0-001), and
immunoglobulin A (IgA; OR 1-53, 95% CI: 1-11-2-11, P = 0-009) or the
non-secretory type of MM (OR 2-83; 95% CI: 1-32-6-04, P = 0-007) at the
time of MM diagnosis to be the main risk factors for secondary EMD
development. Newly diagnosed MM (NDMM) patients with subsequent
EMD had inferior median progression-free (PFS) and overall (OS) survival
when compared to NDMM patients without future EMD [mPFS:
13-8 months (95% CI: 11-4-16-3) vs 18-8 months (95% CL 17-7-19-9),
P = 0-006; mOS: 267 months (95% CI: 18-1-35-4) vs 587 months (95%
CL: 54-8-62-6), P < 0-001]. We found that NDMM npatients with specific
risk factors associated with secondary EMD development have a more
aggressive disease course before secondary EMD develops.

Keywords: multiple myeloma, extramedullary disease, prognostic factors.
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Introduction

Multiple myeloma (MM) is the second most common
haematological malignancy. It accounts for 1.7% of all can-

cers and 10% of all h logical malignancies." Average
incidence in Europe is 5/100 000 In the last 20 years,
novel drugs [p inhibi (Pk), imm dula-

tory drugs (IMIDs), monoclonal antibodies, etc.] have signif-
icantly prolonged survival of newly diagnosed MM (NDMM)
as well as relapsed/refractory MM (RRMM) patients.'*

Better imaging techniq [ex d tomography (CT),
positron emission tomography (PET), PET-CT or magnetic
resonance imaging (MRI)] show higher detection rates of so-
called extramedullary myeloma (EMD).>? In EMD, a sub-
clone of plasma cells (PCs) migrates out of the bone marrow
(BM) infiltrating soft tissues.'” Changes in adhesion as well
as secondary genetic changes in this subdone have been
described, including TP53 mutations, translocation t(4;14),
deletion del(13), etc®''? However, causes of EMD have not
been clarified.

EMD is classified as primary EMD (found at the time of
MM diagnosis) and secondary EMD (at the time of MM
relapse); clinical behaviour of primary and secondary EMD is
markedly different” " While prognosis of primary EMD ver-
sus NDMM without EMD is similar,"*" secondary EMD is
associated with a poor prognosis.® We previously showed
that in secondary EMD patients, the worst prognosis was
observed in soft-tissue EMD (EMD-S), when PCs completely
lose their dependence on the BM microenvironment, infil-
trating soft tissues. On the other hand, extramedullary lesions
arising from bone (EMD-B) have relatively better prognosis.”

According to unsatisfactory treatment outcomes, there is a
clinical need to diagnose patients with high risk of secondary
EMD development as early as possible. Unfortunately, there
is a lack of evidence about clinical features of the patients
before secondary EMD develops. Therefore, we analyzed dis-
ease course before EMD appearance in a real-life group of
secondary EMD patients.

Methods

Clinical characteristics of patients

This real-life retrospective study was carried out at haemato-
logical centres in the Czech Republic between 2005 and 2017.
All MM patients’ data were recorded in the Registry of Mon-
oclonal Gammopathies (RMG) of the Czech Myeloma
Group. All participants provided written informed consent
approved by institutional Ethics boards in accordanc with
the latest Helsinki declaration.

In total, 4 985 MM patients were evaluated; 543 EMD
patients (10:9%) were found. Out of this number, 309 pri-
mary EMD and 234 secondary EMD patients were identified.
As reference, 2 092 MM patients with no EMD involvement
during the entire follow-up period were included — we

Secondary Extamedullary Multiple Myeloma Development

excluded living patients with shorter follow-up than five
years.

Secondary EMD was found in 111 patients at first relapse,
in 61 at second and 62 at third or higher relapse. Median
follow-up of secondary EMD patients from the time of MM
diagnosis was 38 years. In secondary EMD patients, 61-1%
(143/234) of patients had EMD-B, 303% (71/234) had
EMD-S, and 86% (20/234) of patients were missing data.
Only first occurrences of EMD were evaluated.

Before secondary EMD diagnosis, 19:2% of patients were
treated with Pls, 22.6% with IMIDs, and 41.5% of patients
with both PIs and IMIDs; 16-7% of patients were treated
with conventional chemotherapy without noved drugs, and
54:29% of patients underwent autologous stem cell transplant
(ASCT). No obligatory diagnostic protocol was used in this
study. Diagnostic methods and dinical evaluations at the
time of secondary EMD diagnosis were used in a real-life set-
ting corresponding to patients’ symptoms and actual dinical

ilability of diagnostics.

Diagnostics of secondary EMD lesions

In secondary EMD patients, EMD lesions were detected in
119 patients by skeletal survey, in 41 patients by MRI, in 21
patients by CT and in 12 by PET/CT. EMD involvement was
also diagnosed by other methods, ie scintigraphy, ultra-
sonography, endoscopy or clinical evaluation. Findings of
EMD lesions were confirmed by surgical sampling and histol-
ogy evaluation, when clinically needed and safe for the
patient,

Cytogenetics

Interphase fluorescent in situ hybridization (I-FISH) analysis
was performed on separated PCs as previously described'” at
the time of MM diagnosis.

Statistics

Data were described by absolute and relative frequencies of
ctegorical variables. Logistic regression analysis was used to
assess the assodation of baseline characteristics at MM diag-
nosis with EMD occurrence in relapse. Differences in overall
(OS) and progression-free (PFS) survival between patients
with future EMD and RRMM group not evolving EMD
according to line of therapy was computed by the Kaplan-
Meier method and statistical significance of differences in
survival among subgroups was assessed using the log-rank
test. The same methodology was used for identification of
secondary EMD as prognostic factor of survival in RRMM
patients, Treatment response was assessed according to the
current International Myeloma Working Group (IMWG) cri-
teria.'® Independence of secondary EMD as a prognostic sur-
vival factor was verified in a multivariable Cox proportional
hazard modd in context of other well-known prognostic

@ 2021 The Authors. British Journal of Haematadlogy published by British Socety for 955
Haematology and John Wiley & Sons Ltd. British Journal of Haematadogy, 2022, 196, 954-962
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factors. All statistical tests were performed at a significance
level of a =005 (all tests two-sided). Analysis was per-
formed in the SPSS software (reease 2017: IBM SPSS Statis-
tics for Windows, Version 25:0-0-1; IBM Corp. Armonk, NY,
USA) and R version 4-0-1. (www.r-project.org).

Results

Clinical features associated with secondary EMD
development

Qlinical characteristics at the time of MM diagnosis of both
secondary EMD patients as well as reference MM patients
are summarized in Table I. We compared these groups and
identified associations between clinical, laboratory and cyto-
genetic features at MM diagnosis and risk for subsequent
development of EMD (Fig 1).

In younger NDMM patients (<65 years), there was a sig-
nificantly higher risk of secondary EMD development [odds
ratio (OR) 4-38; 95% confidence interval (CI): 2-46-7-80,
P < 0:0001). Moreover, NDMM patients who developed sec-
ondary EMD had significantly higher LDH levels (=5 pkat/l;
OR 207, 95% CI: 1:51-2:84, P < 0:0001), more than two
osteolytic lesions diagnosed by skeletal survey (OR 2:21, 95%
CI: 1:54-3:15, P < 0:001), hypercalcaemia (>2:65 mmol/l;
OR 171, 95% CE 1:21-2:42, P= 0-002) and IgA M-protein
type (OR 1:53, 95% CI: 1-11-2:11, P = 0-009) or the non-
secretory type of MM (OR 2:83, 95% CI: 1:32-6.04,
P = 0:007).

In NDMM patients who subsequently developed sec-
ondary EMD, there were significant differences in the pres-
ence of del(13)(q14) (48:3% vs 78:2%, P < 0-001) and gain
(1q21) (44:29 vs 71-4%, P < 0-001). While other aberrations
were analyzed, they were not statistically significant. Detailed
results of I-FISH analysis are shown in Table SL

Survival of MM patients before secondary EMD
development

We compared survival intervals of MM patients with sec-
ondary EMD involvement in the next relapse/progression
with patients without any EMD involvement in the future.
We analyzed survival from the start of the first line of treat-
ment according to the state of EMD in the second line based
on a condition that both groups had to initiate the second
line of treatment. Patients who developed EMD in the third
or higher lines were not included in this calculation. We pro-
ceded analogously for survival from the second and third
lines of therapy (Fig 2).

NDMM patients, NDMM patients who subsequently devel-
oped EMD had significantly shorter median PFS, when com-
pared to NDMM patients without future EMD involvement
(138 months, 95% CI: 11:4-16:3 vs 188 months, 95% CI:
17.7-19:9; P = 0-006). Median OS was significantly shorter
in NDMM patients who subsequently developed secondary

EMD when compared to NDMM patients without any future
EMD invol (267 ths, 95% CI 18:1-354 vs
58:7 months, 95% CI: 54-8-62:6; P < 0-001).

RRMM patients after one previous treatment line. RRMM
patients who developed EMD in the next disease progression
and RRMM patients without future EMD involvement had
comparable median PFS (10-1 months, 95% CI: 8:1-12:0 vs
12:1 months, 95% CI: 11:3-12:8; P = 0-558). Median OS
was significantly shorter in RRMM patients who developed
EMD when compared to RRMM without any future EMD
involvement  (28:6 months, 95% CI: 21:1-360 vs
41-0 months, 95% CI: 38.0-43.9; P = 0-006).

RRMM patients after two previous treatment lines, RRMM
patients after two previous treatment lines who developed
EMD in the next disease progression and RMMM patients
without future EMD invol had comparable median
PFS (9:4 months, 95% CI: 61-12-8 vs 9.7 months, 95% CI:
88-10-5; P = 0:510). While there was trend toward worse
OS between RRMM patients who developed EMD and
RRMM patients who did not (17-8 months, 95% CI: 9.3~
26:3 vs 31:1 months, 95% CI: 27.8-34.5; P = 0-158), these
results were not statistically significant.

Survival after the secondary EMD development

Multivariate analysis showed secondary EMD as an indepen-
dent risk factor for PFS [hazard ratio (HR) 1.39, 95% CI:
1.06-1-81, P = 0-016] and OS (HR 1.61, 95% CI: 1.20-2-15,
P = 0:001) of RRMM patients. From the time of secondary
EMD diagnosis, median PFS was 4.7 months (95% CI: 3.5-
58) and median OS was 8:6 months (95% CI: 6-3-11.0).

Discussion

As a result of remarkable progress in the treatment of MM,
it is slowly turning into a chronic disease. Due to the wide-
spread use of new drugs, better treatment results are achieved
even at MM relapse. In case of relapsed or even refractory
MM patients, the disease may become stabilized several
ﬁmu‘l.‘.l&l,

At the same time, extramedullary myeloma is still a chal-
lenge even in the era of new drugs. Especially, secondary
EMD is a hard-to-treat entity associated with poor progno-
sis.”*> Standard widespread treatment protocols for RRMM
patients based on bortezomib, lenalidomide or pomalid
mide do not significantly improve prognosis of secondary
EMD.™? There are only limited data for the second-
generation PI aarfilzomib in this patient population. Case
reports and analyses of small cohorts showed unsatisfactory
results, far worse than in non-EMD patients.”*™® Similarly,
ixazomib did not show significant improvement of secondary
EMD prognosis in real-life analysis™ Anti-CD38 antibodies
(daratumumab, isatuximab) have not overcome poor prog-
nosis of secondary EMD, possibly due to low expression of
the CD38 surface antigen in EMD PCs.*?' A much lower

956 © 2021 The Authors. British Joumal of Haematology published by British Society for
Haematology and John Wiley & Sons Ltd. Bntish Journal of Haematology, 2022, 196, 954-962
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without EMD €— OR<1 | OR > 1—» with EMD

Characteristics at diagnosis Category MM secondaryEMD 0 1 2 3 4 5 6 7 8 OR(95%C) pvalue
Sox Women 1014 101 reference
Men 1078 133 re- 124 (094-1-63) 0124
>75 364 13 reference
Age at diagnosls (years) 6675 690 59 i 2:39(1'30-442) 0005
<65 1036 162 e 4138{2-46-7-80) <0-001
0 316 39 reference
ECOG 1 1081 120 1o 090 {061-1-32) 0587
2 380 38 ot 0-81(051-1:30) 0381
3-4 169 12 o 058 {0-29-1-13) 0-108
Stage 1 613 a1 reference
15S Stage 2 597 67 L 2] 0-85{0-60-1-20) 0350
Stage 3 665 57 L2l 0-65 (0-45-0-93) 0-017
! 374 23 reference
Durle-Salmon stage l 4729 as —e—i 1.71{1-01-2-87) 0-045
n 1267 162 L | 2:08(1:22-3-27) 0-001
A 1617 196 reference
Ourle Salmon mubstage 8 467 38 . 060 (041-0-88) 0-008
<35 750 101 reference
Beta2 microglobulin (mg/1) 3555 451 49 1o 0-81 (0-56-1-16) 0243
>55 634 57 L) 067 (047-0-%4) 0020
>35 1227 137 reference
Albumin level {g/di) <35 726 78 1. 096 (072-1:29) 0797
s5 1499 137 reference
Lot (et} >5 244 65 i 207 (1-51-2.84) <0001
£10 1354 133 reference
CRP( ) >10 544 77 o 144 (107-194) 0016
$176 1587 189 reference
e e 76 a1 a1 o1 063 (043-094) 0023
5265 1691 168 reference
Calcium total level (mmol/l) 7, cc 282 a8 e 171(121-242) 0002
2100 1231 150 reference
L binlevel (g/1} <100 791 73 L2 0-76 {0-57-1-02) 0064
2175 1364 156 reference
Tiwombocytecomt LI0EWN. 247 638 66 . 091(067-122) 0516
=20 723 71 reference
in
Seummerotshieeis: 5% 1281 150 o 1119 {069-1:60) 0245
G 1274 123 reference
igh 439 65 R 163 {111 2.11) 0009
M-protein type LConly 290 31 o 111{073-1.68) 0630
Nonsecretory 33 9 L 283 {132-6(4) 0007
other 50 4 ——A_ 0-83{0-25-2-33) 0722
= kappa 1283 132 reference
U el lambda 760 9 i 116 (088-1:64) 0201
negative 655 12 reference
Osteolytic lesions X-ray 1-2 lesions 228 29 e 158 {1-21-3-26) 0007
z 2 lesions 1054 149 ——i 2-21 {1-54-3-15) <0-001
<10 421 a7 reference
”‘m‘::," Aplation 10-20 435 51 . 092 {0-61-1-40) 0706
>20 1008 12 o 108 (0-75-1-53) 0689
3 negative 186 16 reference
IGH disruption positive 184 a3 o—i 130{071-237) 0389
Has1e)° negative 285 26 reference
positive 53 6 Lo oo | 1-24{0-45-3-16) 0-651
a1, ". negative 249 32 reference
- positive 85 15 —— 193 {100-3:72) 0051
;  negative 259 12 reference
deK13Hg1a)/moncsomny 8. | citive by 2 e 3ga({198-745) <0001
" negative 249 14 reference
gain(1q21) positive 197 35 . 316 {1'65-604) <0001
negative 362 39 reference
dei(17p13)* positive 61 3 H— 0-46 (0-14-1-52) 0-202
negative 239 29 reference
Hyperdiploidy’ positive 172 12 ot 058 (026-1116) 0122
Fig 1. Clinical features d at diagnosis in multiple myel (MM) and dary dullary multiple myel (EMD) pati CI,
fid I CRP, C protein; BCOG, Eastern Cooperative Oncology Group; IGH, immunoglobulin heavy chain; ISS, International

Staging Systemy; LDH, lactate dehyd OR, overall resp

@ 2021 The Authors. Brtish Journal of Haematalogy published by British Soclety for
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[Colour figure can be viewed at wileyonlinelibrary.com]
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response rate was also shown in a subset of EMD patients
treated with the anti-BCMA (B cell maturation antigen) drug
conjugate belantamab.” Prdiminary results of the peptide-
drug conjugate mdphalan flufenamide (melfiufen) in a heav-
ily pretreated cohort of secondary EMD patients seem
promising, but longer follow-up is necessary.™ In the current
era of i herapy, promising results were achieved in
several trials of BCMA-targeted CAR-T cells. The CAR-T
cdls had impressive results even in secondary EMD-S
patients, resulting in longer remissions in some trials, >

Unfortunately, there are no current protocols for sec-
ondary EMD treatment.

For better understanding of development of secondary
EMD, we identified 234 secondary EMD among almost
5 000 MM patients diagnosed in Czech haematologic centres
from 2005 to 2017. To the best of our knowledge, this data-
set is the largest in the world so far. With respect to our ret-
rospective cohort and relatively low number of patients
pretreated by both IMIDs and Pls, as a recently most fre-
quent induction treatment regimen,”*® we found similar
numbers of EMD patients as in recently published large clin-
ical trials focusing on (PI + IMIDs)-exposed patients.*™*
These results show PI and IMIDs do not induce EMD; we
indirectly confirmed that fact in a much larger cohort of
patients.” Moreover, similar numbers of EMD patients were
found in previous analyses of heavily pretreated patients™ >
when compared to recent clinical trials, focusing on triple or
penta-refractory patients.®* From those findings, we sup-
pose that modern treatment regimens induding a new gener-
ation of IMIDs, PI and monoclonal antibodies do not induce
more EMD. Comparing length of previous treatment in dif-
ferent analyses and incidence of EMD, time of disease dura-
tion seems to play an important role in EMD development.”
Thus, we focused on patient- and disease-related factors as
the most important aspects in EMD development.

In our analysis, younger age, extensive bone disease (nu-
merous osteolytic lesions and hypercalcaemia), higher LDH
and IgA or a non-secretory type of MM at the time of MM
diagnosis were significantly associated with further develop-
ment of secondary EMD. In similr studies, comparable
results for younger age, type of monoclonal immunoglobulin
and extensive bone disease were found.® In another analysis,
hypercalcaemia was also confirmed as a risk factor for sec-
ondary EMD development.”

We found an increased p ¢ of del(13)/m y13
and gain (1q21) at the time of MM diagnosis in patients
with future secondary EMD. These results are in concordance
with our previous results that showed increased presence of
both aberrations at the time of EMD diagnosis both in pri-
mary and secondary EMD patients.*” In other analyses, del
(17p) was found to be the most frequent cytogenetic aberra-
tion in EMD patients, both in BM and in the extramedullary
tumour site.** We did not observe a higher incidence of
del (17p) or other tested aberrations in patients with future
EMD development. Possibly, subsequent acquisition of del

Secondary Extamedullary Multiple Myeloma Development

(17p) in the disease course, influencing secondary EMD
development, occurs.”™* However, with respect to the low
number of analyzed EMD samples in our study, more robust
cytogenetic analyses need to be performed.

In our study, NDMM npatients before EMD development
had significantly inferior median PFS when compared to
NDMM patients who never developed EMD. We presume that
NDMM patients who progress to EMD early have a spedfic
and more aggressive disease from the onset of MM. A similar
situation was described in NDMM patients with high-risk
cytogenetics when the disease course was impaired from the
beginning.**** While EMD pathogenesis has not been clarified
yet, there may be a hidden molecular mechanism affecting dis-
ease course before EMD is revealed. Thus, these patients subse-
quently manifest with extramedullary involvement, leading to
further disease escalation and early death,

Surprisingly, more advanced RRMM patients who devel-
oped EMD in the further disease course had comparable
treatment outcomes as reference RRMM patients who never
developed EMD. However, like in NDMM patients with
EMD progression, their prognosis dramatically changed with
EMD development.®

These clinical observations may be exphined by more sud-
den changes in the MM clone leading to EMD involvement
in advanced MM patients™ As previously described,
treatment-related factors do not seem to be involved in EMD
development.” Another explanation may be a sudden loss of
balance between different subclones leading to expansion of
an aggressive clone, independent of the BM environment.™
Unfortunately, mechanisms leading to these changes in sec-
ondary EMD patients remain unknown. Regardless of the
time of the secondary EMD development, patients’ outcomes
remain poor.®

A clear limitation of our analysis was the low number of
highly sensitivity diagnostic methods such as PET/CT or
whole-body MRIL These limitations arise from the retrospec-
tive character of this study and time of our data collection
during which access to these diagnostic methods dramatically
changed.”™ * In our study, the most frequent diagnostic
method was X-ray, what clearly could lead to bias from
undetected small EMD-B or asymptomatic EMD-S lesions.”
On the other hand, inddence of secondary EMD in our
whort was comparable to that in the longitudinal real-life
study (1971-2007) published by Varettoni et al In a newer
study, only 3% of secondary EMD were found threenyears
after MM diagnosis.” A similar incidence of secondary EMD
(3-7%) within five years from the diagnosis was found by
the Arkansas group while using PET/CT in diagnostic work-
up.'” Taken together, according to recent recommendations,
PET/CT or whole-body MRI clearly reveals more EMD
patients due to their wel-defined sensitivity. In our study,
the approach based on combining basic diagnostic methods
according to patient's symptoms had acceptable results,

Despite the absence of clearly defined data from dinical
trials, an aggressive treatment approach to EMD patients is
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generally accepted. ' Using high-sensitive diagnostic meth-
ods, describing clinical features of MM patients at high risk
of EMD development may lead to closer follow-up. We
bdieve that a future focus on the pre-EMD period may lead
to improvement of the poor prognosis of these patients.
More clinical and molecular analyses should be performed to
identify the optimal treatment approach.

Condusion

We found that MM patients with future EMD development
show specific features (younger age, extensive bone di

IgA, or non-secretory type of MM) which are present already
at the time of MM diagnosis. In NDMM patients, secondary
EMD devdoped shortly after MM diagnosis, showing the
aggressive disease pattern from the beginning. In more pre-
treated MM patients, disease course before secondary EMD
development was similar to that in other MM patients. After
a yet unknown event, EMD ocurs probably as a terminal
event in MM evolution. Regardless of time, when PCs lose
their dependence on the BM microenvironment, there is an
absolute turnover of the disease course, leading to early
death, We confirmed secondary EMD development as a

strong independent negative prognostic factor in MM.
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Dear Editor,

Considerable discussion surrounds the prognostic relevance of
chromosome 1 aberrations in multiple myeloma (MM), from which
most important are gains of 121 region and deletions of 1p32 locus
[1]. Approximately 10-40% of MM patients develop extraosseous
disease (EMM), where plasma cells outside of the bone marrow form
tumors called plasmacytomas. Patients with EMM found at disease
onset (primary EMM) represent a challenge due to a high risk of
relapse and shorter survival Patients developing plasmacytomas
during therapy (secondary EMM) often experience an aggressive
disease course, characterized by treatment resistance and early
mortality. The exact mechanism of EMM development is not well
known, but acquiring genetic ait is one of the
hallmarks in clonal evolution, leading to EMM spread (2, 3]. Thus, we
conducted a detailed evaluation of the distribution and clonal
heterogeneity of chromosome 1 aberrations using paired samples
from bone marrow and plasmacytoma tissue plasma cells. To assess
the broader applicability of our findings, we performed a population-
based cytogenetic analysis encompassing both EMM patients and a
control cohort of MM patients without a history of EMM.

In twenty-two MM patients, who were diagnosed with EMM
between 2022 and 2024 at the University Hospital Brno, a paired
sampling of sorted bone mamow plasma cells (BMPCs) and
plasmacytoma tissue plasma cells (TPCs) was performed. The
interphase fluorescent in situ hybridization (I-FISH) analyses of
commonly found aberrations were performed on sorted BMPCs or
imprints of plasmacytoma tissue plasma cells (TPCs). Population
cytogenetic data of EMM patients treated at the same site between
2015 and 2024 were retrospectively analyzed. During this period, a
total of 1020 newly diagnosed multiple myeloma (NDMM) patients
were identified at our institution. Among them, 16.3% (167/1020) of
patients had a clear presence of EMM (primary EMM in 66.5% (111/
167) and secondary EMM was identified in 33.5% of them (56/167)).
For comparison, 243 NDMM patients without a history of EMM and
with avallable‘;;nogenetk data were used. Cytogenetics, clinical, and
survival data of all primary EMM and control NDMM patients were
evaluated from the time of diagnosis. For secondary EMM patients,
data were evaluated from the onset of extraosseous plasmacytoma
development. To present the cytogenetic findings, we organized
them into two main categories reflecting key events in MM
pathogenesis: primary events, which include hyperdiploidy (char-
acterized by two or more trisomies of odd chromosomes) and
translocations involving the IGH gene, and secondary events, which
involve aberrations in chromosomes 1, 13, and 17 [4].

Description of patients’ selection, methods, and statistical
analysis is provided in a Supplementary data file.

In total, we assessed paired BMPCs and TPCs samples from 10
primary EMM and 12 secondary EMM cases. In all patients, as

expected, the primary events were always shared between BMPCs
and TPCs. Del(13q14)/monosomy of 13 was found in 72.7% (16/22) of
patients and shared in 87.5% (14/16) of cases. Del(17p)/monosomy of
17 was found in 40.9% (9/22) of patients and it was shared in 444%
(4/9) of cases. We found chromosome 1 aberrations in 90.9% (20/22)
of EMM patients, more often in TPCs than BMPCs (86.4% (19/22) vs
68.29% (15/22)). Only 35.0% (7/20) of patients shared the same 121
aberrations between BMPCs and TPCs. The 1g21 abemations present
only in TPCs were found in 30.0% (6/20) of patients. The del(1p32)
was in 31.8% (7/22) of patients, in 85.7% (6/7) cases shared between
BMPCs and TPCs. We found del(1p32) exclusively in samples from
secondary EMM patients. In 71.4% (5/7) of ases, del(1p32) was
associated with 1921 gains. All chromosomal aberrations in patients’
BMPCs and TPCs are shown in Fig. 1. Plasmacytoma sites, survival,
and other clinical characteristic of those patients are presented in
Supplementary Fig. 1 and Supplementary Table 1. Fluorescence
microscopy images of BMPC and TPC sub-clones are presented in
Supplementary Fig. 2.

Evaluating population cytogenetic data among patients with
primary EMM, secondary EMM, and a control group of NDMM
patients without EMM, we found a significant difference in the
distribution of del(1p32). A higher proportion of del(1p32) was found
in EMM patients, particulady among those with secondary EMM
(20.7% (23/111) vs. 286% (16/56) vs. 11.1% (27/243); p = 0.002).
Interestingly, in EMM patients, del(1p32) was significantly associated
with 121 gains (12.6% (14/111) vs. 25.0% (14/56) vs. 6.2% (15/243);
p < 0.001). The difference in the proportion of del(1p32) or del(1p32)
with 1g21 gains was higher in secondary EMM but did not reach
statistical significance (del(1p32) (28.6% (16/56) vs. 20.7% (23/111);
p=033) and del(1p32) + 1q21 gains (87.5% (14/16) vs. 60.9% (14/
23); p = 0.086)). Furthermore, in secondary EMM patients, del(1p32)
was more frequently observed in those with plasmacytoma found in
soft tissues (extramedullary type, EMD) compared to those with
plasmacytomas arising from the bone lesions (paraskeletal type, PS)
(50.09% (8/16) vs. 20.0% (8/40); p = 0.046). Cytogenetics abemations in
all patients’ groups are summarized in Table 1.

Thus, we evaluated the survival of EMM patients in the context of
del(1p32) and 1921 gains. For primary EMM patients with both
del(1p32) and 121 gains, the median PFS was significantly reduced
to 7.9 months (95% Ct: 3.4-NA), compared to 16.6 months (95% Ck
10.8-NA) in patients with only del(1p32), and 402 months (95% Ck
219-NA) in patients without either aberration (p=0.003). The
median O5 for patients with both del(1p32) and 1921 gains was also
significantly reduced, to 10.6 months (95% Ck: 8.3-NA), compared to
28.0 months (95% Ck 22.7-NA) and 694 months (95% CL 45.5-NA),
respectively (p=003). In secondary EMM patients with both
del(1p32) and 1921 gains, the median PFS was significantly shorter
at 20 months (95% CI: 1.5-5.3), compared to 0.5 months (95% Ck
04-NA) in patients with only del(1p32) and 66 months (95% Ck
48-17.2) in patients without either aberration (p < 0.001). Similarly, a
significant reduction in median OS was observed in secondary EMM
patients with both del(1p32) and 1921 gains, namely 2.7 months
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Table 1. Cy ic data of patients’ group

Category NDMM without plasmacytoma (N =243) Primary EMM W =111) Secondary EMM (N = 56) pvalue *
t(414) 9.1% (22/243) 29% (1W/111) 1439% (8/56) 0499
11418 2.9% (7/243) 36% (4/111) 18% (1/56) 0916
Ded{13g14)moncsomy 13 54.79% (133/243) 568% (63/111) 6956% (39/56) 0.124
Gain (1921) 35.6% (84/243) 360% (40/111) 4456% (25/56) 0477
Amp (1921) 12.3% (30/243) 126% (14111) 16.1% (9/56) 0447
Del (1p32) 11.1% R27/243) 207% (23/111) 2856% (16/56) 0.002
Del (1p32) + 1921 6.2% (15/243) 126% (14/111) 250% (14/56) <0.001
Chromosome 1 polysomy 6.6% (16/243) 72% (8/11) 356% (2/56) 0.640
Del (17p)/monocsomy 17 13.6% (33/243) 189% (21/111) 32.1% (18/56) 0.004
Chromosome 17 polysomy 15.6% (38/243) 189% (21/111) 1439% (8/56) 0653

“Fisher exact test. Bold values indicate statistically significant results

(95% Ck 1.9-89), compared to 1.7 months (95% Ct 06-NA) and
222 months (95% CI: 106-NA), respectively (p < 0.001).

Baseline clinical characteristics and survival data of primary and
secondary EMM patients in the context of chromosome 1
aberrations are shown in Supplementary Tables 2, 3A, 3B and
Supplementary Figs. 3 and 4

In conclusion, we found chromosome 1 aberrations in nearly all our
paired samples with a slightly higher incidence in plasmacytoma
tissue rather than bone marrow compartment. Moreover, we
encountered very high intra-patient heterogeneity in the 1921 region
between BMPCs and TPCs samples. Our findings were in accord with
other studies investigating plasmacytoma tissue samples, reporting
the comparable prevalence and variability of these abemations, with
respect to the different detection limits of FISH analyses [5-8].
According to these findings, 1921 gains appear to be a rather later
event or aberation undergoing significant evdutionary changes
within cancer cell lines [9). Our findings regarding del(17p) revealed a
shared pattern between BMPCs and TPCs in less than half of the
samples bearing this aberration. Similar to 1g21 gains, del(17p) may
represent a later event in EMM development [6-8].

The strong negative prognostic impact of del(1p32) in MM
patients has been repeatedly confimed [10, 11], and it is more

SPRINGER NATURE

pronounced in biallelic deletions or in combination with other high-
risk aberrations, such as t(4;14), 121 gains or del(17p) [11]. Our
results are consistent with these findings, highlighting the
surprising association of this aberration with EMM patients. The
highest incidence of del(1p32) along with 1921 gains was observed
in patients with secondary EMM, known for their poor prognosis
[12]. The prognostic impact of these two aberrations combined was
more severe across EMM patients than that of del(1p32) or 1q21
gains alone. Unfortunately, we were unable to detect biallelic
deletions of 1p32 using I-FISH. These ultra-high-risk aberrations are
rare, occurring in approximately 2% of cases. Other methods, such
as single-nucleotide polymorphism amays or next-generation
sequencing, may be more effective in detecting them [11].

In the analysis of paired samples, deletions of 1p32 were found
exclusively in secondary EMM patients, consistent with the
population data mentioned above. Moreover, we observed this
aberration more frequently in patients with EMD plasmacytomas.
This coincidence may indicate a relation between del(1p32) and
this aggressive entity [12]. The deletions of 1p32 were shared
between bone marrow and plasmacytoma tissue in almost all
cases. Shared deletions of 1p32 were also shown in the work of Liu
Y et al. 7). Compared to aberrations in the 1g21 region or TP53
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deletions, our observation suggests that del(1p32) is likely a more
conservative high-risk event in the clonal evolution and may play
an important role in the initial stages of extraosseous disease
development. Based on our results, we strongly recommend
including the detection of del(1p32) alongside 1g21 gains in the
standard prognostic assessment for MM patients.
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Abstract Inmultiple myeloma (MM), malignant plasma cells infiltrate the bone marrow. In some
cases, plasma cells migrate out of the bone marrow creating either para-skeletal plasmacytomas (PS) or
infiltrating soft tissues as extramed ullary plasmacy tomas (EMD). The aim of this study was to define
risk groups in newly diagnosed MM (NDMM) patients with PS and EMD plasmacytomas. In total,
523 NDMM patients with PS plasmacytomas and 196 NDMM patients with EMD plasmacytomas
were diagnosed in the Czech Republic between 2004 and 2021 using modern imaging methods.
Patients’ data were analyzed from the Registry of Monoclonal Gammopathies of the Czech Myeloma
Group. In NDMM patients with PS plasmacytomas, we found a subgroup with <5% of bone-
marrow plasma cells to have the best prognosis (mPFS: 58.3 months (95% CI: 33.0-NA); mOS not
reached). The subgroup with >5% of bone-marrow plasma cells and >3 plasmacytomas had the worst
prognosis (mPPS 19.3 months (95% CL: 13.4-28.8), p < 0.001; mOS 27.9 months (95% CL: 19.3-67.8),
p < 0.001). Our results show association between tumor burden and prognosis of NDMM patients
with plasmacytomas. In the case of PS plasmacytomas, NDMM patients with low BM PC infiltration
have an excellent prognosis.

Keywords: multiple myeloma; risk factors; survival; plasmacytomas

1. Introduction

Multiple myeloma (MM) is the second-most-common hematologic malignancy; in Eu-
rope, the average incidence is 5/100,000 [1,2]. In the last decade, MM has slowly become a
chronic disease due to novel agents such as proteasome inhibitors (PI), immunomodulatory
drugs (IMIDs), and monoclonal antibodies [3-6].

MM is characterized by infiltration of the bone marrow (BM) by malignant plasma cells
(PCs). In some cases, these PCs migrate out of the BM creating two types of plasmacytomas:
paraskeletal lesions (tumors arising directly from the bone lesion; PS plasmacytomas) or

Biomedicines 2022, 10, 2535. httpe: // doi. org/10.3390/ biome dicines 10102535
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extramedullary lesions (tumors infiltrating soft tissues; EMD plasmacytomas) possibly
due to changes in adhesion molecules as well as rising independence of the BM [7-9].
Historically, plasmacytomas in MM were considered a high-risk feature [10]. In later
analyses, EMD subsets of patients were shown to have the worst prognosis, while PS
plasmacytomas had somehow better prognosis [11-13].

These plasmacytomas can be found in both newly diagnosed MM (NDMM) patients
(2.4-11.5% of cases) [14-16] and in relapsed/ refractory MM (RRMM) patients (3.4-27.4%
of cases) [12,16-18]. The range of plasmacytoma incidence is predominantly caused by
the different sensitivities of the imaging methods used [12-18], while historical meth-
ods, such as skeletal survey, have only a limited sensitivity for detection of PS or EMD
plasmacytomas [7-9].

Although the appearance of plasmacytomas is generally associated with impaired
prognosis, there are some treatment results of NDMM with plasmacytomas that are compa-
rable to those of NDMM patients with strictly intra-medullar disease [14,19,20]. However,
as we have previously described, development of plasmacytomas in RRMM patients is
associated with extremely poor prognosis [12,18]. We believe that aggressivity of plasmacy-
tomas in RRMM patients is likely due to disease-related factors. Molecular mechanisms of
plasmacytoma development and expansion are still unclear, but especially in p
tomas of RRMM patients, mutations associated with poor prognosis (TP53, K-RAS, N-RAS,
RBI, etc.), were often found. Similarly, the lack of adhesion molecules was found on PCs
in plasmacytomas [7-9]. We have previously described NDMM patients with early pro-
gression with plasmacytomas. These patients had an aggressive disease course from the
disease onset, together with gain (1q21) [18].

In this study, we evaluated clinical and laboratory data of one of the largest cohorts of
NDMM patients with plasmacytomas to analyze their outcomes in real-life clinical practice
conditions and to identify possible risk-groups.

2. Materials and Methods
2.1. Patient’ Selection

This multicentric real-life retrospective study was carried out in major hematologic
centers in the Czech Republic between 2004 and 2021. For the data search of NDMM with
plasmacy tomas, the Registry of Monoclonal Gammopathies (RMG) of the Czech Myeloma
Group was used. In total, 7123 NDMM patients fulfilling International Myeloma Working
Group (IMWG) diagnostic criteria for MM were evaluated. We excluded all patients treated
only with conventional chemotherapy or diagnosed only by skeletal survey; 523 NDMM
patients with PS plasmacytomas, 196 NDMM patients with EMD plasmacytomas, and 2440
reference NDMM patients with clear absence of plasmacytoma (proven by high-sensitivity
imaging methods) were identified. Of the enrolled patients with BM PCs <10% fulfilled
MM diagnostic criteria with plasmacytoma/bone lesion tissue histology together with
CRAB (ie,, osteolytic lesions, hypercalcemia etc.), or myeloma-defining events according
to IMWG criteria. Patients with other plasma-cell dyscrasias (i.e., solitary plasmacytoma
or solitary plasmacytoma with minimal marrow involvement) were not enrolled into the
study. All participants provided written informed consent approved by institutional ethics
boards in accordance with the latest Helsinki declaration.

2.2. Imaging Methods

The entire study cohort was evaluated for the presence of plasmacytomas by mod-
emn imaging methods—computed tomography (CT), focused/whole body magnetic reso-
nance imaging (MRI/WB-MRI), or positron-emission tomography/computed tomography
(PET/CT) [21]. Multiple diagnostic methods were performed on patients when clinically
needed. If there was a clinical need and when safe for the patient, plasmacytomas were
confirmed by surgical sampling,
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2.3. Bone-Marrow Assessment

Bone-marrow samples were evaluated at the time of NDMM diagnosis. The number
of BM PCs was evaluated by cytology, the clonality of BM PCs was evaluated by flow-
oy tometry, and interphase fluorescent in-situ hybridization (I-FISH) analyses of commonly
found aberrations was performed on separated PCs as previously described [22].

2.4, Response Assessment and Survival Intervals

Treatment response was assessed according to the current International Myeloma
Working Group (IMWG) criteria [23]. Survival intervals (progression-free survival, PFS
and overall survival, OS) were assessed from the NDMM diagnosis.

2.5. Statistics

Data were described by absolute and relative frequencies of categorical variables
and median with 5th-95th percentile range for quantitative variables. Fisher's exact test
was used to evaluate the association of selected features. The differences in survival (OS
and PFS) among individual patient groups were assessed by the Kaplan-Meier method,
and the statistical significance of differences in survival was evaluated using the log-rank
test. The univariable Cox proportional-hazards model was used to quantify the effect of
individual clinical features on the survival measures. The independence of selected features
as prognostic survival factors was tested in the multivariable Cox proportional-hazards
model in the context of R-ISS (Revised International Staging System). Statistical significance
of hazard ratios (HR) was assessed by means of the Wald test. The cut-off for BM PCs was
defined as the value where multivariable Cox regression adjusted to ISS showed highest
HR and significance for OS and PFS, and the numbers of patients in the resulting groups
was still sufficient. All statistical tests were performed at a significance level of « = 0.05
(all tests two-sided). Analysis was performed in the SPSS software (IBM Corp. Released
2017. IBM SPSS Statistics for Windows, Version 25.0.0.1 Armonk, NY, USA: IBM Corp.) and
software R version 4.0.1. (www.r-project.org) [24].

3. Results
3.1. Qlinical Characteristics of Patients

Altogether, 523 NDMM patients with PS plasmacytomas, 196 NDMM patients with
EMD plasmacytomas, and 2440 reference NDMM patients were included into this study.

Median follow-up from diagnosis was 25.5 months (range 0.8-115.3 months) in the PS
subgroup, 20.8 months (range 1.1-95.0 months) in the EMD subgroup, and 31.2 months
(range 1.2-108.1 months) in reference patients. Clinical characteristics are summarized in
Supplementary Table S1.

NDMM patients with PS and EMD plasmacytomas more frequently had lower BM
PC infiltration (<10%) than reference patients (43.8% vs. 47.6% vs. 22.2%; p < 0.001).
Correspondingly, these patients more frequently had a lower ratio of clonal BM PCs (<95%
from all BM PCs) when compared to reference patients (32.2% vs. 38.7% vs 19.3%; p < 0.001).

In the PS subgroup, plasmacytomas were found by CT in 72.2% (380/ 523) of patients,
by WB-MRI in 7.8% (41/523) of patients, by focused MRI in 38.4% (201/523) of patients,
and by PET/CT in 31.0% (162/523) of patients. In 65.6% (343/523) of cases, only one
plasmacytoma was found; in 9.8% (51 /523) of patients two plasmacytomas were found,
and in 12.6% (66/523), three and more plasmacytomas were found. In 12.0% (63/523) of
patients, plasmacytoma count was missing,

In the EMD subgroup, plasmacytomas were found by CT in 64.3% (126/196) of
patients, by WB-MRI in 12.7% (25 /196) of patients, by focused MRI in 16.8% (33/196) of
patients, and by PET/CT in 32.1% (63/196) of patients. In 68.8% (135/196) of cases, only
one plasmacytoma was found; in 11.7% (23/196) of patients two plasmacytomas were
found, and in 18.4% (36/ 196), three and more plasmacytomas were found. In 0.1% (2/196)
of patients, plasmacytoma count was missing.
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We also analyzed i-FISH data of all three subgroups of patients. Statistically significant
differences between these groups of patients were not found.

3.2. Treatment of PS and EMD Subgroups of Patients after NDMM Diagnosis

In the PS subgroup, 82.6% (432/523) of patients were treated with PI, 57.2% (299/523)
with IMIDs, 2.7% (14/523) with ant-CD38 monoclonal antibodies (daratumumab or isat-
uximab), and 35.6% (186/523) underwent high-dose chemotherapy followed by ASCT.
Radiotherapy of plasmacy tomas was administered in 31.7% (166/ 523) of these patients.

Similarly, in the EMD subgroup, 84.7% (166/196) of patients were treated with PI,
55.1% (108/196) with IMIDs, 2.0% (4/196) with anti-CD38 monoclonal antibodies (daratu-
mumab or isatuximab), and 33.7% (66/196) underwent high-dose chemotherapy followed
by ASCT. Radiotherapy of plasmacytomas was administered in 35.2% (69/196) of these pa-
tients.

Median PFS in the PS subgroup of patients was 25.8 months (95% CL 22.7-28.6) which
was significantly longer than in the EMD subgroup (17.9 months (95% CL 15.0-22.3),
p = 0.033), and longer than for the reference patients; however, statistical significance was
not reached (23.3 months (95% CI: 22.5-24.8), p = 0.220).

Median OS in the PS subgroup was longer than for the EMD subgroup or reference
patients but did not reach statistical significance (59.4 months (95% CI: 48.1-73.3) vs. 43.8
months (95% CI: 34.9-61.5) vs. 55.0 months (95% CI: 51.6-58.9), p = 0.229).

Treatment modalities and results including survival intervals are summarized in
Figure 1 and Supplementary Table S2.
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Figure 1. (A) PFS from 1st line—NDMM with plasmacytomas by type versus reference NDMM.
(B) OS from 1st line—NDMM with plasmacytomas by type versus reference NDMM.
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3.3. High-Risk Features in PS Subgroup of Patients

By univariable analysis, we found high R-ISS stage (R-ISS III) (HR 2.13 (95% CL 1.24-
3.66), p = 0.006), BM PC infiltration >5% (HR 2.38 (95 % CI: 1.67-3.39), p < 0.001), a higher
ratio of clonal BM PCs (>95% from all BM PCs) (HR 1.59 (95% CI: 1.08-2.32), p = 0.018),
and higher LDH levels (>300 IU/L) (HR 2.50 (95 % CL 1.76-3.56), p < 0.001) as statistically
significant risk factors for inferior PFS in these patients. All these p: tic factors were
also associated with inferior OS. Negative prognostic impact of BM PC infiltration >5%
was more pronounced, when combined with higher PS plasmacytoma count (>5% BM PCs
and >3 plasmacytomas) (PFS: HR 3.17 (95% CL 1.93-5.20), p < 0.001; OS: HR 4.86 (95% CL:
2.69-8.80), p < 0.001).

According to +FISH analysis, gain(1q21) was found to be a risk factor for inferior PFS
(HR 1.67 (95 % CI: 1.20-2.33), p = 0.003). Moreover, t(4;14) (HR 1.87 (95 % CI: 1.14-3.05),
p=0013), and del(17p13) (HR 1.74 (95 % CIL: 1.09-2.78), p = 0.020) were found as risk
factors for inferior PFS. Del(17p13) and t(4;14) were also associated with inferior OS. Other
oy togenetic aberrations were not associated with adverse prognosis. Results of univariable
analysis of risk factors in these patients are shown in Table 1.

Table 1. Association of clinical features with OS and PFS in NDMM patients with PS plasmacytomas

1SS
Stage I
Stage I
Stage III
R-ISS
Stage I
Stage I
Stage III
Serum M-protein level (g/dL)
<2

>2
BM PCs %
<5%
>5%
Plasmacytoma count
1-2 plasmacy tomas
23 plasmacytomas
Tumor burden
BM PCs < 5% and 1 and more
plasmacytoma
BM PCs > 5% and 1-2
plasmacytomas
BM PC > 5% and 3 and more
plasmacytomas
Clonal PCs from all BM PC (%)
<95%
>95%
Osteolytic lesions
negative
1 lesion
2lesions
>3 lesions
Accelerated osteoporosis
LDH (IU/L)
>300
IGH disruption
Positive

Univariable Analysis
Overall Survival (OS) Progression-Free Survival (PFS)
HR (95% CD) ! P HR (95% CD ! P
2.01(L46-2.75) <0.001 1.87 (141-2.48) <0.001
2.24(160-3.13) <0.001 2.30(171-3.10) <0.001
3.00 (140-6.42) 0.005 1.73 (L04-2.88) 0.035
478(220-10.38) <0.001 2,13 (1.24-3.66) 0.006
1.20 (0.92-1.55) 0.180 1.25(0.98-1.58) 0.068
312 (1.95-5.00) <0.001 2.38 (1.67-3.39) <0.001
1.75(1.20-2.55) 0.003 1.39 (0.97-1.99) 0.073
3.01 (182-4.97) <0.001 247 (168-3.62) <0.001
4.86 (2.69-8.80) <0.001 3.17 (193-5.20) <0.001
2,01 (1.20-3.36) 0.008 1.59 (108-2.32) 0,018
1.10(0.15-8.21) 0925 052 (0.12-2.21) 0375
1.33 (0.18-9.98) 0779 0.90 (0.21-3.80) 0.882
1.36 (0.19-9.73) 0758 0.89 (022-3.57) 0.866
0.54(0.08-8.62) 0.662 0.57 (0.08-4.02) 0.569
2,52 (L74-3.67) <0.001 250 (L76-3.56) <0.001
1.18 (0.81-1.71) 0.385 1.16 (0.84-1.61) 0.378
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Table 1. Cant.
Univariable Analysis
Overall Survival (OS) Progression-Free Survival (PFS)
HR (95% CD ! p HR (95% CD ! P
t(11;14) '
Positive 1.39(0.79-2.45) 0258 1.03 (0.59-1.81) 0913
t(414)
Positive 2.37 (1.41-3.98) 0.001 1.87 (114-3.05) 0.013
Del{13)(q14)/monosomy 13
Positive 1.44(0.99-2.10) 0.059 1.12 (0.80-1.55) 0.516
Gain(1g21)
Positive 1.32 (0.90-1.93) 0.157 1.67 (1.20-2.33) 0.003
Del(17p13)
Positive 2.17 (1.32-3.56) 0.002 1.74(109-278) 0.020
Hyperdiploidy
Positive 0.64 (0.41-0.99) 0.045 0.79 (0.54-1.16) 0227
1 Hazard ratio (HR) from univariable Cox’s proportional hazard model. Abbreviations ISS, International
Staging System; R-ISS, Revised-ISS; BM PCs, bone-marrow plasma cells; LDH, lactate dehydrogenase; IGH,
immunoglcbulin heavy chain.
By multivariable analysis adjusted for R-ISS stage, presence of PS plasmacytomas was
not found as a risk factor for inferior PFS (HR 1.10 (95 % CI: 0.90-1.36), p = 0.343) and OS
(HR 1.10 (95 % CE 0.87-1.39), p = 0.431).
3.4, High-Risk Features in EMD Subgroup of Patients
By univariable analysis, we found high R-ISS stage (R-ISS III) (HR 5.03 (95% CIL: 2.21-
11.48), p < 0.001), >3 EMD plasmacytomas (HR 1.88 (95 % CIL: 1.18-2.98), p = 0.008), and
higher LDH levels (>300 IU/L) (HR 1.88 (95 % CI: 1.03-343), p = 0.041) as statistically
significant risk factors for inferior PFS in these patients. All these prognostic factors were
also associated with inferior OS. Interestingly, BM PC infiltration (>5%) or ratio of clonal
BM PCs (>95%) had no prognostic impact.
According to i-FISH analysis, gain(1q21) (HR 1.82 (95 % CL 1.11-2.99), p = 0.019) and
del(17p13) (HR 2.96 (95 % CL 1.46-6.00), p = 0.008) were found to be risk factors for inferior
PFS as well as inferior OS. Results of univariable analysis of risk factors in these patients
are summarized in Table 2.
Table 2. Association of clinical features with OS and PFS in NDMM patients with EMD plasmacytomas.
Univariable Analysis
Overall Survival (OS) Progression-Free Survival (PFS)
HR (95% CD ! p HR (95% CD ! r
1SS
Stage I - - - -
Stage I 1.49 (0.87-2.56) 0.151 1.48(093-2.37) 0.102
Stage III 3.21(194-5.31) <0.001 2.49(1.60-3.89) <0.001
R-ISS
Stage I - - - -
Stage I 1.77 (0.63-4.93) 0276 2.07 (0.93-4.63) 0.075
Stage III 5.64(2.08-15.26) 0.001 5.08 221-11.48) <0.001
Serum M-protein level (g/dL)
>2 113(0.75-1.71) 0.565 1.34(093-1.94) 0.122
BM PCs %
<5%

>5% 1.30(0.76-2.20) 0.338 1.56 (0.97-2.52) 0.066
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Table 2. Cant.
Univariable Analysis
Overall Survival (OS) Progression-Free Survival (PFS)
HR (95% CD ! P HR (95% CD ! P
Plasmacytoma count
1-2 lesions - - - -
>3 lesions 2.00(1.21-3.30) 0.007 1.88(1.18-2.98) 0.008
Clonal PCs from all BM PC (%)
>95% 1.36 (0.72-2.59) 0.346 1.41(0.83-2.39) 0210
Osteolytic lesions
Negative - - - -
1 lesion 0.33 (0.11-1.03) 0.055 0.56 (0.16-2.04) 0.382
2lesions 0.26 (0.07-0.90) 0.033 0.45(012-1.70) 0236
>3 lesions 0.49(0.20-1.21) 0122 0.65 (0.20-2.06) 0.461
Accelerated osteoporosis 0.39(0.09-1.62) 0.194 0.52(012-2.19) 0.372
LDH (IU/L)
> 300 2.29(1.20-4.38) 0.012 1.88(1.03-3.43) 0.041
IGH disruption
Positive 1.19(0.67-2.12) 0.557 1.14(0.69-1.89) 0.612
1(11;14)
Positive 1.01(0.31-3.33) 0.988 0.57 (014-2.37) 0.441
t414)
Positive 0.77 (0.33-1.78) 0.542 1.55(0.80-2.99) 0.191
Del(13)(q14)/monosomy 13
Positive 1.06 (0.59-1.90) 0.851 1.53(0.94-2.49) 0.087
Gain(1q21)
Positive 1.86 (1.06-3.27) 0.031 1.82(111-299) 0.019
Del(17p13)
Positive 2.62 (1.21-5.67) 0.014 296 (1.46-6.00) 0.003
Hyperdiploidy
Positive 1.06 (0.55-2.02) 0.867 1.18 (0.65-2.15) 0.593

! Hazard ratio (HR) from univariable Cox’s proportional hazard model. Abbreviations ISS, International
Staging System; R-ISS, Revised-1SS; BM PCs, bone marrow plasma cells; LDH, lactate dehydrogenase; IGH,
immunoglcbulin heavy chain.

By multivariable analysis adjusted for R-ISS, presence of EMD plasmacytomas was
found as a risk factor for inferior PFS (HR 1.70 (95 % CIL 1.29-2.26), p < 0.001) and OS (HR
1.38 (95 % CIL: 1.01-1.90), p = 0.046).

3.5. Heterogeneity in PS and EMD Subgroups of Patients

In addition to generally accepted prognostic markers, such as the ISS and R-ISS stage,
we found intra- and/or extramedullary tumor burden to be an important prognostic
indicator of both subgroups of plasmacytomas.

In the PS subgroup, we found <5% of BM PCs (regardless of plasmacy toma count) to
have the best prognosis (mPFS: 58.3 months (95% CL 33.0-NA), p < 0.001; mOS: not reached).
These patients had more frequent low ISS stage (ISS I), low monoclonal immunoglobulin
secretory activity, lower ratio of clonal BM PCs (<95% from all BM PCs), intact IgH gene,
and relatively low plasmacytoma count.

On the other hand, >5% of BM PCs together with 1-2 plasmacytomas had inferior
prognosis (mPFS 23.7 months, (95% CI: 20.1-27.2) p < 0.001; mOS: 49.1 months (95% CI:
39.8-68.0), p < 0.001); >5% of BM PCs together with >3 plasmacytomas had the worst
prognosis (mPFS: 19.3 months (95% CIL: 13.4-28.8), p <0.001; mOS: 27.9 months (95% CI:
19.3-67.8), p < 0.001). In these patients, high ISS (ISS III), high monoclonal immunoglobulin
secretory activity, higher ratio of clonal BM PCs (>95% from all BM PCs), higher count
of bone osteolytic lesion (>3 lesions), and higher frequency of IgH translocations were
present. Characteristics and survival intervals of these three cohorts of PS subgroup are
shown in Figure 2 and Table 3.
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Figure 2. (A) PFS from 1st line—by tumor burden in NDMM patients with PS plasmacytomas (B) OS
from 1st line—by tumor burden in NDMM patients with PS plasmacytomas.

Table 3. Descriptive characteristics according to tumor burden in NDMM patients with PS pl Y-
tomas

BM PCs < 5% and BM PCs > 5% and BM PCs > 5% and

Characteristics ! 1 or More P1. yt 1-2P1 yt >3 Pl yt p-Value 2
(n=91) (n = 302) (n=58)
1SS n=91 n=298 n=58
Stage I 63 (69.2%) 113 (37.9%) 17 (29.3%)
Stage I 16 (17.6%) 103 (34.6%) 17 (29.3%) <0.001
Stage IIT 12 (13.2%) 82 (27.5%) 24 (41.4%)
RISS n=18 n=120 n=38
Stage I 7 (38.9%) 25 20.8%) 4(105%)
Stage II 7 (38.9%) 63 (52.5%) 21 (55.3%) 0195
Stage III 4(22.2%) 32 (26.7%) 13 (34.2%)
Serum M-protein level (g/dL) n=91 n=302 n=58
<2 66 (72.5%) 145 (48.0%) 26 (44.8%)
>2 25 (27.5%) 157 (52.0%) 22 (55.2%) <0.001
Plasmacytoma count n=91 n =302 n=>58
1 plasmacytoma 73 (80.2%) 263 (87.1%) -
2 plasmacytomas 12 (13.2%) 39 (12.9%) 2 0001
3 plasmacytomas 1(1.1%) 2 16 (27.6%) <u
>3 plasmacytomas 5 (5.5%) - 42 (72.4%)
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Table 3. Cant.
BM PCs < 5% and BMPCs> 5% and _ BM PCs = 5% and
Characteristics ! 1 or More Plasmacytomas  1-2 Plasmacytomas >3 Plasmacytomas p-Value 2
(n=91) (n = 302) (n= 58)
Clonal PCs from all BM PC (36) n=57 n=159 n=25
<95% 38 (66.7%) 37 (23.3%) 1(4.0%)
>95% 19 (33.3%) 122 (76.7%) 24(96.0%) <0001
Osteolytic lesions n=91 =302 n=58
Negative 0(0.0%) 2(0.7%) 0(0.0%)
1lesion 17 (187%) 32 (10.6%) 0(0.0%)
2lesions 3(3.3%) 28 (9.3%) 0(0.0%) <0.001
>3 lesions 70 (76.9%) 238 (78.8%) 58 (100.0%)
Accelerated osteoporosis 1(1.1%) 2(0.7%) 0(0.0%)
LDH (IU/L) n=91 n =296 n=58
<300 84 (92.3%) 271 (91.6%) 53 (91.4%)
300 7 (7.7%) 25 (8.4%) 5(8.6%) 1000
IGH disruption n=24 n=183 n=237
Negative 22 (917%) 106 (57.9%) 18 (48.6%)
Positive 2(8.3%) 77 (42.1%) 19 (51.4%) 0.001
1(11;14) n=2 n=156 n=2
Negative 22 (957%) 135 (86.5%) 25 (78.1%)
Positive 1(43%) 21 (13.5%) 7 (21.9%) 0.1%5
t(4,14) n=2 n=161 n=34
Negative 25 (100.0%) 145 (90.1%) 29 (85.3%)
Positive 0(0.0%) 16 (9.9%) 5 (14.7%) 0119
Del(13)(q14)/ monosomy 13 n=24 n=183 n=36
Negative 14 (58.3%) 100 (54.6%) 20 (55.6%)
Positive 10 (417%) 83 (45.4%) 16 (44.4%) 0.975
Gain(1q21) n=24 n=176 n=38
Negative 17 (70.8%) 111 (63.1%) 19 (50.0%)
Positive 7 (29.2%) 65 (36.9%) 19(50.0%) 0.208
Del(17p13) n=24 n=165 n=35
Negative 24(100.0%) 146 (88.5%) 30 (85.7%)
Positive 0(0.0%) 19 (115%) 5 (14.3%) 0.141
Hyperdiploidy n=20 n=129 n=36
Negative 12 (60.0%) 75 (58.1%) 20 (55.6%)
Positive 8 (40.0%) 54 (41.9%) 16 (44.4%) 0945

! Described by absclute and relative frequencies for categorical variables and median (5th-95th percentile) for
continuous variables. 2 p-value of Fisher’s exact test for categorical variables or Kruskal-Wallis test for continuous
varables. Abbreviations: ISS, International Staging System; R-ISS, Revised-ISS; BM PCs, bone marrow plasma
cells; LDH, lactate dehy drogenase; IGH, i globulin heavy chain.

In the EMD subgroup with 1-2 EMD plasmacytomas, median PFS was 20.9 months
(95% CI: 16.2-24.6) and median OS was 50.9 months (95% CI: 36.3-89.0). If >3 plasma-
cytomas were present, prognosis was significantly worse (median PFS 11.1 months (95%
CL: 7.0-16.3), and median OS 16.9 months (95% CL 9.1-NA)). Interestingly, there was no
significant differences in ISS or R-ISS stage, BM PCs count, osteolytic lesions, cytogenetics,
etc, between these cohorts of patients. Characteristics and survival intervals in the EMD
subgroups of patients are shown in Figure 3 and Table 4.
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Figure 3. (A) PFS from 1st line—by plasmacytoma count in NDMM patients with EMD plasmacy-
tomas. (B) OS from 1st line—by plasmacy toma count in NDMM patients with EMD plasmacytomas

Table 4. Descriptive characteristics according to plasmacy toma count in NDMM patients with EMD

plasmacytomas.
2EMD S3EMD
Characteristics ! Plasmacytomas Plasmacytomas p-Value 2
(n=158) (n = 36)
IS5 n=156 n=36
Stage I 68 (43.6%) 11 (30.6%)
Stage II 43 27.6%) 9(25.0%) 0.189
Stage III 45 28.8%) 16 (44.4%)
R-ISS n=65 n=21
Stage I 17 (26.2%) 3(14.3%)
Stage II 26 (40.0%) 6(28.6%) 0.173
Stage III 22 (33.8%) 12 (57.1%)
Serum M-protein level (g/dL) n=158 n=36
<2 81 (51.3%) 18 (50.0%)
>2 77 (48.7%) 18 (50.0%) 1.000
Clonal PCs from all BM PCs (%) n=95 n=15
<95% 37 (38.9%) 6(40.0%) =
>95% 58 (61.1%) 9(60.0%) z
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Table 4. Cont.
1-2EMD =3 EMD
Characteristics ! Plasmacytomas Plasmacytomas p-Value 2
(n =158) (n = 36)
BM PCs % n= 152 n=233
<5% 38 (25.0%) 9(27.3%)
>5% 114 (75.0%) 24 (727%) €826
Osteolytic lesions n =156 n=36
Negative 6 (3.8%) 0 (0.0%)
1 lesion 18 (11.5%) 2 (5.6%)
2lesions 15 (9.6%) 0 (0.0%) 0.115
>3 lesions 110 (70.5%) 32 (88.9%)
A ccelerated osteoporosis 7 (45%) 2(5.6%)
LDH (IU/L) n=158 n=36
<300 146 (92.4%) 31 (86.1%)
> 300 12 (7.6%) 5(13.9%) 0.322
IGH disruption n=288 n=17
Negative 58 (65.9%) 9(52.9%)
Positive 30 (34.1%) 8 (47.1%) 0.409
1(11;14) n=72 n=14
Negative 67 (93.1%) 12 (857 %)
Positive 5 (6.9%) 2(14.3%) 0.319
«4;14) n==286 n=17
Negative 76 (88.4%) 16 (94.1%)
Positive 10 (11.6%) 1(5.9%) 0.686
Del(13)(q14)/ monosomy 13 n=89 n=17
Negative 53 (59.6%) 11 (647%)
Positive 36 (40.4%) 6(35.3%) 0791
Gain(1g21) n=88 n=17
Negative 51 (58.0%) 7 (41.2%)
Positive 37 (42.0%) 10 (58.8%) 0.287
del(17p13) n=86 n=15
Negative 72 (83.7%) 11 (73.3%)
Positive 14 (16.3%) 4(26.7%) 0.462
Hy perdiploidy n=61 n=14
Negative 30 (49.2%) 5(35.7%)
Positive 31 (50.8%) 9(64.3%) 0.393

! Described by absolute and relative frequencies for categorical variables and median (5th-95th percentile) for
continuous variables. 2 p-value of Fisher’s exact test for categorical variables or Kruskal-Wallis test for continuous
variables. Abbreviations: ISS (International Staging System), R-ISS (Revised-ISS) BM PCs (bone marrow plasma
eells), LDH (lactate dehy drogenase), IGH (immunoglobulin heavy chain).

4. Discussion

In the last decade, MM has gradually become a more manageable disease. Modern
induction-treatment protocols lead to deeper responses and longer remissions in most
NDMM patients [25-28]. Moreover, even treatment results of NDMM patients with plas-
macytomas have improved when compared to historical data [13,14,19,20,29].

In this work, we analyzed NDMM patients with both paraskeletal and extramedullary
plasmacytomas. As treatment regimens based on conventional chemotherapy are more
than two decades obsolete in NDMM treatment [30], we censored historical patients treated
with this approach from our analysis, with the aim of understanding the prognostic impact
of plasmacy tomas found in NDMM patients in real-life treatment scenarios. Similarly, as
discussed above, we censored NDMM patients evaluated without high-sensitive imaging
methods, such as CT, MRI, WB-MRI, or PET/CT.

In light of modern real-life treatment, we found NDMM patients with PS and EMD
plasmacytomas to have comparable initial treatment results to those of NDMM patients
without plasmacytomas (median PFS: 25.8 and 17.9 vs. 23.3 months; p= NS). Similarly to our
analysis, in a study of NDMM with mostly PS plasmacytomas, predominantly IMID-based
regimens lead to treatment results comparable to NDMM patients without plasmacytomas
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(median PFS: 25.3 months vs. 25.2 months; p = 0.46) [14]. In another analysis of NDMM
patients treated with bortezomib-based induction, patients with single PS plasmacytoma
had comparable treatment results to NDMM patients without any plasmacytomas (median
PFS: 34.6 months vs. 38.1 months; p = 0.662). These results were improved with ASCT
(median PFS: 46.0 months vs. 15.3 months; p = 0.073), but only 16% of patients with
plasmacytomas in this study underwent ASCT [20]. Tandem ASCT did not show significant
benefit in NDMM patients with plasmacytomas when compared to single ASCT [19] but
may somehow have improved the inferior outcome of NDMM patients with plasmacytomas
with high-risk cytogenetic aberrations [31]. Taken together, real-life induction protocols
containing PIs, IMIDs and, in eligible patients, high-dose chemotherapy followed by ASCT,
could change the outcome of NDMM patients with PS plasmacytomas.

Unfortunately, even our real-life dataset did not have many patients treated with
anti-CD38 antibodies. While there is a lack of data about activity of anti-CD38 antibodies in
the NDMM patients with plasmacytomas, data from RRMM patients with plasmacytomas
are not promising [19,32].

In recently published papers, heterogeneity of MM patients with plasmacy tomas is
evident [7,8]. Moreover, this heterogeneity is strongly reflected in patients’ prognosis. It
is obvious that the clinical course of NDMM patients with plasmacytomas and RRMM
patients with plasmacy tomas is dramatically different [12,14,18,19].

Further, there is a difference in clinical characteristics and prognosis between patients
with EMD and PS plasmacytomas [7,8]. In accord with recent papers [7,8,33], our dinical and
research groups have long considered PS and EMD plasmacytomas as very different entities
in both NDMM and RRMM patients. Thus, we have studied them separately [9,12,18,34].
However, other groups describe all plasmacytomas outside of BM environment as one unit
often making comparisons impossible [13,28,35].

The robust size of our dataset provides deeper insight, surprisingly revealing a signif-
icant heterogeneity even within subgroups of patients with PS or EMD plasmacytomas.
This heterogeneity was reflected in far different prognoses.

In our study, the subgroup with PS plasmacy tomas with very low BM PC (<5%) infil-
tration had surprisingly good prognosis; we found significantly more patients with clinical
features associated with better prognosis, such as low ISS stage and lower proportion of
clonal PCs in BM, called MGUS-like phenotype. MGUS-like phenotype is associated with
an indolent clinical course and long survival [36]. in addition to low intramedullary tumor
burden, plasmacytoma count was also low.

On the other hand, patients with higher BM PC infiltration together with increasing
plasmacytoma count had worse prognosis. More patients with unfavorable characteristics
were present, together with a higher frequency of numerous osteolytic lesions and higher
paraprotein secretory activity. Our findings are supported by recent analyses, showing
the negative prognostic impact of BM infiltration (cut-off >30% BM PCs) together with
multiple plasmacytomas [20]. Similarly to other analyses, multiple PS plasmacytomas were
also connected with inferior prognosis [11,14].

The most important result of our analysis was the prognostic impact of EMD plasmacy-
tomas in NDMM patients. Generally, the presence of EMD plasmacytoma is a strong negative
prognostic factor in MM patients, more pronounced in RRMM patients [11-13,16,18,19,35].
Interestingly, beside long-known prognostic indicators, such as ISS and R-ISS stage, we found
EMD plasmacytoma count to be a strong biomarker of worse prognosis. The subgroup of our
patients with numerous EMD plasmacytomas had dismal prognosis, with median overall
survival near 17 months. On the other hand, we showed that in NDMM patients with a
low number (1-2) of EMD plasmacytomas, treatment results were somehow comparable
with NDMM patient without plasmacytoma presence (median PFS: 20.9 months vs. 233
months, median OS: 50.9 months vs. 55.0 months). Our results highlight the importance of
high-sensitive imaging methods especially in patients with EMD plasmacytomas. According
to the high prognostic impact of EMD plasmacytoma count, we recommend whole-body
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methods, such as PET/CT or WB-MRI in the standard diagnostic workup of NDMM patients
with plasmacytomas [21].

These findings are in strict contrast with the dismal effect of EMD presence in RRMM
patients [12,18,19] but, to the best of our knowledge, we have described the largest so-
far published cohort of NDMM patients with EMD plasmacytomas detected by modem
diagnostic methods and treated in real-life scenarios. Our findings are supported by
another analysis of transplant-eligible NDMM patients where EMD patients with localized
plasmacytoma involvement had a comparable 3-year PFS to that of NDMM patients without
plasmacytomas (HR 1.03 (95% CI: 0.66-1.62; p = 0.88)), but patients with disseminated EMD
plasmacytomas had worse prognosis (3-year PSF: HR 3.40 (95% CI: 1.74-6.61; p < 0.001) [11].

We found well-known high-risk cytogenetic aberrations del(17p) a t(4;14) retaining their
negative prognostic impact predominantly in NDMM patients with PS plasmacytomas, as
described in other studies [37,38]. Moreover, we found a negative prognostic impact of
gain(1q21) in NDMM patients with EMD plasmacytomas. This finding is interesting, as we
have previously published the higher risk of future plasmacytoma development in NDMM
patients with gain(1q21) [18]. Similarly, analyses of a small groups of patients described higher
incidence of gain(1q21) in NDMM patients with numerous EMD plasmacytomas [39,40].
Unfortunately, our results are based on a low number of evaluated samples. Another limitation
was the absence of plasmacytoma tissue cytogenetics analysis in our work. Routine evaluation
of plasmacytoma tissue can be complicated, mostly due to possible risk for patients from
surgical sampling (ie., paraspinal plasmacytomas and EMD in parenchymatous organs or the
CNS).

5. Conclusions

Taken together, there is emerging evidence of the importance of the distinction between
EMD and PS plasmacytomas in NDMM patients. Moreover, within these two entities, we
found significant clinical heterogeneity, based on intra- and extramedullary tumor burden.
These easy-to-assess biomarkers might reflect far different disease biology. Patients with
PS plasmacytomas and low BM PC infiltration predominantly harbor low-risk features and
have surprisingly good prognosis. In contrast, patients with higher BM PC infiltration and
numerous PS plasmacytomas have poor prognosis. Prognosis of NDMM patients with
EMD plasmacytomas is highly dependent on extramedullary burden. Patients with 1-2
EMD plasmacytomas had surprisingly comparable outcomes to NDMM patients without
plasmacytoma. On the other hand, those with numerous EMD plasmacytomas had a dismal
prognosis, resembling aggressivity of EMD plasmacytomas in RRMM patients.

Supplementary Materials: The following supporting information can be downloaded at: https:
// www.mdpi com/ article/10.33%0/ biomedicines10102535/s1, Table S1. Descriptive characteristics
of patients’ groups at NDMM diagnosis. Table S2. Treatment in first line of therapy:.
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Abstract

We performed real world evidence (RWE) analysis of daratumumab, lenalidomide and dexamethasone (Dara-Rd) versus
lenalidomide and dexamethasone (Rd) treatment in relapsed/refractory multiple myeloma patients (RRMM). In total, 240
RRMM patients were treated with Dara-Rd from 2016 to 2022 outside of clinical trials in all major Czech hematology
centers. As a reference, 531 RRMM patients treated with Rd were evaluated. Patients’ data were recorded in the Czech Reg-
istry of Monoclonal Gammopathies (RMG). Partial response (PR) or better response (ORR) was achieved in significantly
more patients in Dara-Rd than in Rd group (91.2% vs. 69.9%; p<0.001). The median progression free survival (PFS) was
26.9 months in the Dara-Rd and 12.8 months in the Rd group (p<0.001). Median overall survival (OS) was not reached in
the Dara-Rd compared to 27.2 months in the Rd group (p=0.023). In patients with 1-3 previous treatment lines, there was
significant PFS benefit of Dara-Rd compared to Rd (median PFS not reached vs. 13.2 months; p< 0.001). In patients with>3
previous treatment lines, there was no significant PFS benefit of Dara-Rd treatment (7.8 months vs. 9.9 months; p=0.874),
similarly in patients refractory to PI +IMIDs (11.5 months vs. 9.2 months; p=0.376). In RWE conditions, the median PFS
in RRMM patients treated with Dara-Rd is shorter when compared to clinical trials. In heavily pretreated RRMM patients,
efficacy of Dara-Rd treatment is limited: best possible outcomes of Dara-Rd are achieved in minimally pretreated patients.
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Introduction

In the last two decades, multiple myeloma (MM) treatment
underwent significant progress [1]. The use of anti-CD38
monoclonal antibodies (mAbs) together with proteasome
inhibitors (PI) and immunomodulatory drugs (IMIDs) became
an emerging treatment modality with remarkable results. In
clinical trials, anti-CD38 mAbs demonstrated high efficacy
both in relapsed and newly diagnosed MM patients [2-6].

Daratumumab is the first widely used anti-CD38 mAb
[7]. By binding to CD38 antigen on MM cells surface,
daratumumab promotes apoptosis of MM cells and acti-
vates immune mechanisms (antibody-dependent cellular
cytotoxicity (ADCC), antibody dependent cellular phago-
cytosis (ADCP) and complement de pendent cytotoxicity
(CDC)) leading to MM cell death [8, 9]. Immunomodula-
tory effect of daratumumab was also described to effect
T-cells [10, 11]. In the first-in-human use, daratumumab
monotherapy achieved response in 38% of heavily pre-
treated patients [12]. In preclinical tests, synergy of
daratumumab and IMIDs was demonstrated [13]. Based
on these results, in the phase III clinical trial POLLUX,
daratumumab in combination with lenalidomide and dexa-
methasone (Dara-Rd) was compared to lenalidomide and
dexamethasone (Rd). Dara-Rd regimen achieved deep
responses (30.4% patients with negative minimal resid-
ual disease (MRD)) even in relapsed or refractory MM
(RRMM) patients, and significantly prolonged median
progression free survival (mPFS) to 45.5 months when
compared to Rd alone (mPFS 17.5 months, p<0.001) [2,
14]. Thus, Dara-Rd became a new standard-of-care for
RRMM in many European countries [1, 15, 16].

However, randomized clinical trials (RCT) describe
data different from real world evidence (RWE) conditions.
In the RCT for MM, important subgroups of patients are
often neglected. These subgroups are characterized with
an aggressive disease course (extramedullary plasmacy-
toma, disease refractory to specific drugs, hyperviscos-
ity with necessity of plasmapheresis, myeloma induced
kidney failure, etc.) or significant comorbidities [17, 18].

With respect to these differences, we analyzed the out-
comes of Dara-Rd regimen in real-world clinical condi-
tions to define which patients benefit from Dara-Rd treat-
ment the most.

Patients and methods

Our study is a multicentric real-life retrospective study car
ried out in major hematologic centers in the Czech Republic
between 2016 and 2022. Patients represent real world RRMM
population treated with best available treatment at the time.

Q springer

Data from patients treated in Dara-Rd and Rd groups were
collected from the Registry of Monoclonal Gammopathies
(RMG) of the Czech Myeloma Group. In total, 240 RRMM
patients treated with Dara-Rd and 531 RRMM patients treated
with Rd were enrolled. Only one patient from the Dara-Rd
group was enrolled in 2016, the rest of the cohort was enrolled
from 2019 to 2022. Patients in the Rd group were enrolled from
2016 to 2019, when Rd was the golden standard for RRMM
patients’ treatment. Patients treated with Rd before 2016 were
excluded for historical lenalidomide reimbursement rules in the
Czech Republic (after cumulative dose of 4200 mg, lenalido-
mide treatment had to be stopped). Patients treated with Rd after
2019 were also censored, as modemn lenalidomide-based triplets
(with daratumumab, ixazomib or carfilzomib) were used in the
Czech Republic as a new golden standard. Thus, after 2019,
patients treated in the Czech Republic only with Rd were mostly
palliative. Enrolling them could seriously bias our results, favor-
ing Dara-Rd group. Allenrolled patients were treated outside of
clinical trials. All patients provided informed consent for par-
ticipation in the study according to the declaration of Helsinki.

Patients in Dara-Rd group received standard dosing of
Daratumumab 16 mg/kg intravenous or 1800 mg subcutane-
ousequivalent [19] onday 1, 8, 15, 22 in cycle 1-2,day 1, 15
in cycles 3-6, and day 1 at cycles 7 and more; lenalidomide
25 mg on days 1 through 21, and dexamethasone 20-40 mg
on days 1, 8, 15 and 22 in 28-day cycles. Patients in Rd group
received lenalidomide 25 mg on days 1 through 21 and dexa-
methasone 2040 mg on days 1, 8, 15 and 22 in 28-daycycles.
Reduction of lenalidomide or dexamethasone was allowed
according to physicians’ decision. Patients in Dara-Rd arm
had corticosteroid-based premedication according to institu-
tional guidelines before daratumumab administration.

All patients were required to use thromboprophylaxis
and herpes zoster prophylaxis per institutional guidelines.
Cytogenetic aberrations were evaluated at the time of
newly diagnosed multiple myeloma (NDMM).

Assessments

All the data were recorded in the RMG. The endpoints
were assessed based on the International Myeloma Work-
ing Group (IMWG) response criteria, incorporating an
additional category of minimal response. Survival inter-
vals progression free survival (PFS), duration of response
(DOR) and overall survival (OS) were assessed from Dara
Rd/Rd treatment beginning.

Statistical analysis
Depending on the nature of the data, suitable methods for

description and statistical testing were selected. Categori-
cal variables were described using absolute and relative
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frequencies and continuous variables by median comple-
mented with 5% and 95® percentile. In accordance with data
continuity (categorical x continuous), Pearson Chi-Square
(resp. Fisher's exact test in case of non-meeting criteria) or
Mann-Whitney U test was used to examine the association
between selected variables and treatment regimen. Event-
free survival (PFS, DOR and OS) was assessed using the

Kaplan-Meier methodology, and statistical significance of
differences in survival between subgroups was assessed using
the log-rank test. All statistical tests were performed at a sig-
nificance level of ®=0.05 (all tests two-sided). The analysis
was performed in SPSS software (IBM Corp. Released 2016.
IBM SPSS Statistics for Windows, Version 25Armonk, NY:
IBM Corp.) and software R version 3.4.2 (www.r-project.org).

Table1 Characteristics of

Dara-Rd vs. Rd patients X DaniRd pvakc
N % N %
Sex 531 100% 240 100%
Woman 267 50.3% 108 45.0% 0.186
Man 264 49.7% 132 55.0%
Age at treatment initiation [years] 531 100% 240 100%
<65 127 23.9% 106 44.2% <0001
65-75 263 49.5% 113 47.1%
>75 141 26.6% 21 8.8%
median (5th-95th perc.) 7.1 54.1-826 66.0 459-11.7 <0.001
ECOG PS at treatment initiation 06 100% 238 100%
PSO 85 16.8% 58 24.4% <0.001
PS1 250 49.4% 143 60.1%
PS2 139 21.5% 34 14.3%
PS34 32 6.3% 3 1.3%
ISS at treatment initiation 426 100% 200 100%
Stage 1 154 36.2% 2 46.0% 0.037
Stage 2 150 352% 53 26.5%
Stage 3 122 28.6% 55 27.5%
Cytogenetic risk at diagnosis 04 100% 132 100%
standard 144 70.6% 95 72.0% 0.806
high ) 204% 37 28.0%
Number of previous lines of therapy 531 100% 240 100%
1 previous line 341 64.2% 173 72.1% 0.045
2-3 previous lines 161 30.3% 52 21.7%
>3 previous lines 29 5.5% 15 6.3%
median (5th-95th perc.) 1 10-40 1 10-4.0 0.090
Prvious teatment by: 531 100% 240 100%
Protcasome inhibitors (PI) 497 93.6% 234 97.5% 0.034
Immunomodulatory drugs (IMiD) 21 51.0% 159 66.3% <0.001
PI+IMiD 243 45.8% 154 64.2% <0001
Transplantation 178 33.5% 161 67.1% <0001
Refractory in previous treatment to: 531 100% 240 100%
Protcasome inhibitors (PT) 155 29.2% 64 26.7% 0.491
Immunomodulatory drugs (IMiD) 69 13.0% 45 18.8% 0.038
Lenalidomide 11 21% 24 10.0% <0001
PI+IMiD 171 322% 71 29.6% 0.503
Plasmacytoma 531 100% 240 100%
no 406 76.5% 166 69.2% 0.022
Found in NDMM 66 124% 48 20.0%
Developed in RRMM 59 11.1% 26 10.8%
Length of therapy [months] 466 100% 100 100%
median (5th-95th perc.) 74 1.2-339 75 0.7-237 0254
4 Springer
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Results
Patients and treatment

Altogether, 240 patients were treated with Dara-Rd regi-
men and 531 patients with Rd regimen. Median age was
66.0 years (5™-95" percentile 45.9-77.7) in the Dara-Rd
group and 71.1 years (5%-95% percentile 54.1-82.6) in the
Rd group (p<0.001). There was a comparable number of
patients with high-risk cytogenetic aberrations (HR-CA:
t(4:14), t(14:16), del(17p)) in both groups (28.0% (37/132)
vs. 29.4% (60/204), p=0.806).

The median of previous treatment lines was comparable
between both groups (1 [95% CI: 1-4] vs. 1 [95% CI: 1-4],
p=0.090). There were significantly more patients exposed
to PI+IMIDs (64.2% (154/240) vs. 45.8% (243/531),
p<0.001) in the Dara-Rd group. Number of PI+IMIDs
refractory patients were comparable in both groups (29.6%
(71/240) vs. 32.2% (171/531), p=0.503. The median
follow-up from Dara-Rd vs. Rd treatment initiation was
13.5 months [95% CI: 1.3-26.6] in the Dara-Rd group and
23.7 months [95% CI: 1.5-59.7] in the Rd group. Baseline
characteristics of patients are summarized in Table 1.

Response to treatment

According to IMWG criteria, treatment response was evalu-
able in 181 patients in the Dara-Rd group and 429 patients in
the Rd group. Complete response (CR) or stringent CR (sCR)
was achieved in 4.4% (8/181) of patients in Dara-Rd group,
compared to 3.3% (14/429) of patients in Rd group. Very
good partial response (VGPR) or better response was achieved
in 66.8% (121/181) of patients in Dara-Rd group, compared
to 27.5% (118/429) of patients in Rd group. Partial response
(PR) or better response (ORR) was achieved in significantly
more patients in Dara-Rd group than in Rd group (91.2% vs.
69.9%). Differences in treatment responses were statistically
significant (p< 0.001), favoring Dara-Rd regimen (Table 2).

Survival intervals

Median PFS was 26.9 months [95% CI: 20.6-NA] in the
Dara-Rd group and 12.8 months [95% CI: 11.2-14.6] in
the Rd group (HR: 1.81; [95% CI: 1.43-2.29]: p<0.001)
(Fig. 1A). Median OS was not reached in the Dara-Rd group
compared to 27.2 months [95% CI: 24.0-31.3] in the Rd
group (HR: 1.38; [95% CI: 1.05-1.83]: p=0.023) (Fig. 1B).

Progression free survival—subgroup analysis

In the subgroup of patients with 1-3 previous treatment
lines, Dara-Rd treatment significantly prolonged PFS,

4 springer

when compared to Rd (Not reached vs. 13.2 months [95%
CI: 11.4-14.7], HR: 1.94;[95% CI: 1.51-2.48]; p<0.001).
In patients with> 3 previous treatment lines, there was no
significant PFS benefit of Dara-Rd treatment (7.8 months
[95% CI: 2.4-NA] vs. 9.9 months [95% CI: 7.6-22.1], HR:
0.94; [95% CI: 0.44-2.00]; p=0.874) (Fig. 2).

In subgroup of patients who were refractory to
PI +IMIDs, there was no significant PFS benefit of Dara-
Rd treatment over Rd treatment (11.5 months [95% CI:
8.1-NA] vs. 9.2 months [95% CI: 6.4-12.7], HR: 1.18; [95%
CIL: 0.82-1.70]; p=0.376) (Fig. 3).

In subgroup of patients who were refractory to lenalido-
mide, there was no significant PFS benefit of Dara-Rd treat-
ment over Rd treatment (10.1 months [95% CI: 40-NA]
vs. 12.7 months [95% CI: 4.9-NA], HR: 0.98; [95% CI:
0.39-2.45]; p=0.961) (Supplementary Fig. 1).

In the subgroup of patients with HR-CA (1(4;14), t(14:16),
del(17p)), there was no significant PFS benefit of Dara-Rd
treatment (9.7 months [95% CI: 5.8-13.7] vs. 10.2 months
[95% CI: 6.4-13.5], HR: 0.82; [95% CI:0.51-1.33]: p=0.428)
(Supplementary Fig. 2), similarly to patients with gain(1q21)
(13.8 months [95% CI: 9.9-20.7] vs. 10.2 months [95% CI:
6.9-12.8], HR: 1.33; [95% CI: 0.92-1.91); p=0.129) (Sup-
plementary Fig. 3). In the subgroup of RRMM patients with
plasmacytoma found at the time of NDMM, Dara-Rd treat-
ment prolonged PFS, when compared to Rd, but did not reach
the level of statistical significance (23.6 months [95% CI:
10.8-NA] vs. 10.0 months [95% CI:7.0-16.1], HR: 1.60; [95%
CI:0.95-2.69]; p=0.080). In RRMM patients with plasmacy-
toma newly developed at disease relapse/progression, there was
no significant PFS benefit of Dara-Rd treatment (9.9 months
[95% CI: 3.9-16.5] vs. 6.4 months [95% CI: 4.4-12.8], HR:
0.85; [95% CI: 0.49-1.46); p=0.554) (Supplementary Fig. 4).

Dara-Rd treatment effect on PFS in different patients’
subgroups is summarized in Table 3.

Table 2 Treatment results of Dara Rd vs. Rd

Rd Dara-Rd p-value
N % N %

Maximal response to 420 1000% 181* 100,0%

treatment

sCR,CR 14 33% 8 44% <0001

VGPR 104 242% 113 624%

PR 182 424% 44 243%

MR 54 12,6% 9 5,0%

SD 32 175% 6 33%

PD 43 100% 1 0,6%

Overul msponse rate (ORR) 420 1000% 181  100,0%

PR+ 300 699% 165 912% <0.001

worse than PR 120 30,1% 16 8,8%

*Only evalusble patients according to IMWG criteria
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Overall survival - subgroup analysis

In subgroup of patients who were refractory to PI+IMIDs,
there was no significant OS benefit of Dara-Rd treat-
ment over Rd treatment (19.6 months [95% CI: 13.7-NA]
vs. 19.9 months [95% CI:14.6-24.4], HR: 1.07; [95% CI:
0.70-1.63]; p=0.749). In the subgroup of patients with
HR-CA, there was OS benefit of Dara-Rd treatment, but did
not reach the level of statistical significance (13.7 months [95%
CI: 10.1-NA] vs. 23.9 months [95% CI:15.3-29.6], HR: 0.72;
[95% CI: 0.41-1.26]; p=0.247). There was no significant
OS benefit of Dara-Rd treatment over Rd in the subgroup of

patients with gain(1q21) (not reached vs.24.6 months [95% CI:
17.8-31.4], HR: 1.10; [95% CI: 0.70-1.72); p=0.690).

Dara-Rd treatment effect on OS in different patients’ sub-
groups is summarized in Table 4.

Adverse events

Infusion related reactions (IRRs) gr. 2-3 after daratu-
mumab administration were present in 13.3% (32/240)
of patients. Higher grades of IRRs were not observed.
Serious (gr. 3—4) adverse events (AEs) of Dara-Rd regi-
men were dominantly hematologic—neutropenia (50.9%

Flg.1 A Progression-free sur a PFS from initiation of Dara-Rd vs. Rd treatment
vival of Dara-Rd vs. Rd group. i
B Overall survival of DaraRd 100%
vs. Rd group
Log-rank p-value < 0.001
T 75% B ocanare 26.9m (20.6-NA)
‘;‘ B ~ 12.8m (11.2-14.6)
8
& a
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8
2
e
E 25%-
0%
0 12 24 36 48 60
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Number at risk
- 20 " 2 0 0 0
- 53 254 133 69 > 7
b 05 from Initiation of Dara-Rd vs. Rd treatment
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Log-rank pvalue = 0.023
75%- B oaraRd  notreached
B re 27.2m (24.0-31.3)
g
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L
§
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Fig.2 Progression-free survival
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(80/157)), anemia (14.9% (23/154)) and thrombopenia  Dijscussion

(16.3% (25/153)). Other serious (gr.3—4) non-hemato-
logic AEs was infections 16.2% (29/179), thromboem-
bolic disease (4.5% (7/154)), diarrhea (2.9% (5/171)),
fatigue (1.8% (3/169)), polyneuropathy (1.3% (2/157),
nausea (1.3% (2/156), decompensation of diabetes mel-
litus (1.0% (1/101)), rash (0.6% (1/158)) and anorexia
(0.6% (1/157)). In the Dara-Rd group, there were 5
deaths related to infection complications. Mild (gr.1-2)
AEs and comparison with Rd group is summarized in
supplementary Table 1.

4 springer

Novel drugs, such as daratumumab, isatuximab, carfil-
zomib and ixazomib, were carefully evaluated in RRMM
patients in large multicentric RCT [2, 20]. Unluckily,
population of MM patients eligible for RCT enrollment
is significantly different from general MM patients’
population [17]. Therefore, there is a rapidly emerging
importance of RWE analyses. Following a general trend
of personalized medicine [21], in real-life conditions, it
is necessary to differentiate which patients would benefit
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Table3 Association of Dara-Rd and Rd with survival in sclected subgroups
Variable Category Rd Dara-Rd PFS — Univariable Cox model
HR* 95% CI p-value
Total Total 531 240 1.81 (1.43-2.29) <0.001
Age <75 390 219 175 (1.36-2.25) <0.001
>75 141 21 208 (0.97-4.49) 0.062
1SS Stage 1 154 92 129 (0.85-1.96) 0.240
Stage 2 150 53 223 (1.37-3.63) 0.001
Stage 3 122 55 1.73 (1L11-271) 0015
Creatinine kevel (umol/1) <176 441 210 1.88 (1.45-2.43) <0.001
> 176 n 30 144 (0.81-2.55) 0.219
ECOG PS0-1 335 201 1.76 (1.34-231) <0.001
PS2 139 34 135 (0.80-2.29) 0.267
PS3-4 32 3 052 (0.15-1.76) 0.293
Number of previous lines of therapy 1-3 previous lines 502 225 194 (1.51-2.48) <0.001
> 3 previous lines 29 15 094 (0.44-2.00) 0.874
Plasmacytoma no 406 166 231 (1.69-3.14) <0.001
Found in NDMM 66 48 1.60 (0.95-2.69) 0080
Developed in RRMM 59 26 0.85 (0.49-1.46) 0.554
Cytogenetic risk at diagnosis standard 144 95 1.88 (1.25-2.81) 0.002
high (4] 3 0.82 (0.51-1.33) 0.428
Gain(lq21) no 158 89 1.96 (1.26-3.05) 0.003
yes 111 84 133 (0.92-1.91) 0.129
Ref; Yy to p P hib (PD) no 376 176 2.16 (1.60-2.91) <0001
yes 155 64 124 (0.84-1.82) 0.281
Ref; y to i dulatory drugs (IMiD) no 462 195 222 (1.68-2.93) <0.001
yes 69 45 1.06 (0.67-1.70) 0.799
Refractory to lenalidomide no 520 216 201 (1.56-2.58) <0001
yes 11 24 098 (0.39-2.45) 0.961
Refractory to PI+IMiD no 360 169 228 (1.68-3.10) <0.001
yes 171 Y L8 (0.82-1.70) 0.376

"HR > | — Dara-Rd better; HR < 1 —Rd better

from specific treatment modality. Moreover, with vari-
ous treatment options, proper timing of each treatment
modality plays an important role [1]. Dealing with this
issue, we performed a national RWE analysis of Dara-Rd
treatment regimen.

Despite having an unselected patient population and
not-evaluable treatment response in all patients, overall
response to Dara-Rd treatment in our analysis was com-
parable to the POLLUX trial (91.2% vs. 92.9%) [14].
Low CR rate in our analysis is due to absence of rou-
tine BM evaluation in our RRMM patients, as the results
would have had no practical impact on patients’ treat-
ment course, and the treatment was until progression. On
the other hand, survival intervals of Dara-Rd treatment
were nearly half-time, when compared to the POLLUX
trial. Main explanation is in the differences between the

patients’ cohorts [14]. In our cohort, there was a higher
proportion of patients with high-risk cytogenetic aberra-
tions (28.0% vs. 15.0%), double refractory (PI+IMID)
patients (29.6% vs 2.4%) and high proportion of patients
with plasmacytomas (30.5%). In contrast with the POL-
LUX trial, we included 10% of lenalidomide refractory
patients [14].

In our analysis, we found uncertain clinical benefit of
Dara-Rd treatment in patients with more than 3 previ-
ous treatment lines. It is important to mention that our
results may be influenced by low number of patients
in this cohort. However, this finding was also shown
in the POLLUX trial, when benefit from Dara-Rd was
less pronounced in the more pretreated patients and vice
versa (PFS: >3 lines HR: 0.74 [CI 95% (0.24-2.26)] vs.
HR: 0.42 [95% (0.30-0.58)]) [2]. Similarly, we found

& springer
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Table4 Association of Dara-Rd and Rd with survival in sckcted subgroups

Variable Category Rd Dara-Rd OS - Univariable Cox model
HR* 95% CI pvalue
Total Total 531 240 138 (105-1.83) 0.023
Age <75 390 219 128 ©.95-173) 0.104
>75 141 21 223 ©.81-6.12) 0.120
1s8 Stage 1 154 ) 0.98 0.58-1.66) 0928
Stage 2 150 53 153 ©.84-277) 0.164
Stage 3 122 55 122 ©.74-1.99) 0.434
Creatinine Jevel (pmol1) <176 a1 210 138 (1.01-1.89) 0.043
> 176 m ) 138 ©73-2.62) 0.321
ECOG PSO-1 335 201 120 ©0.85-1.70) 0.289
PS2 139 u L9 ©.62-1.93) 0.769
PS3-4 32 3 0.56 ©.17-1.88) 0.349
Number of previous lines of therapy 1-3 previous lines 502 225 155 (1.14-2.09) 0.005
> 3 previous lines 29 15 0.57 (0.26-1.25) 0.158
Plasmacytoma no 206 166 172 (1.18-2.50) 0.004
Found in NDMM & 48 135 (073-247) 0.338
Developad in RRMM 59 26 073 (0.39-139) 0.340
Cytogenstic risk at diagnosis standard 144 95 156 (0.95-2.57) 0081
high @ 7 0 (041-1.26) 0.247
Gain(1q21) no 158 89 134 (0.80-2.24) 0.272
yes 111 84 L10 (070-1.72) 0.69%
Refractory to previous proteasome inhibitors (PT) no 376 176 148 (103-2.12) 0033
yes 155 & L18 (076-1.85) 0463
Refractory to immunomodulatery drugs (IMiD) no 462 195 178 (1.26-2.50) 0001
yes 69 45 0.8 (047-136) 0404
Refractory to knalidomide ™ 520 216 157 (1.16-2.14) 0004
yes 1 24 085 (031-232) 0747
Refractory to PI+IMiD ey 360 169 L0 (1.10-2.29) 0015
yes 171 7 107 (0.70-1.63) 0749

“HR> 1 - Dara-Rd better; HR < 1 - Rd better

non-significant benefit of Dara-Rd treatment in patients
refractory to PI, IMIDs or both. Our results are also
unique for presence of lenalidomide refractory patients,
while the POLLUX trial did not enroll them. These
results show patients refractory to lenalidomide to have
inferior outcome from the Dara-Rd treatment.

Overall, our analysis in accord with the POLLUX
trial shows crucial role of Dara-Rd treatment timing,
as the best effect is achieved in less pretreated patients
[2]. These results are consistent with other RWE anal-
ysis, where the best results of daratumumab treatment
were achieved in the first relapse (time to next treat-
ment—25.9 months [22]). Similar results of Dara-Rd
treatment in minimally pretreated patients were pub-
lished by Italian [23, 24] or Spanish authors [25]. Results
favoring the less pretreated patients were also shown in
other triplet regimens, combining IMIDs and PI, like
a pomalidomide-bortezomib-dexamethasone [26], or
carfilzomib-lenalidomide-dexamethasone [27, 28]. These

4 springer

findings point to an actual unmet need for novel treat-
ment strategies and molecular targets for multiple refrac-
tory MM patients instead of repeating of previously used
drug classes [29-31].

In our analysis, we used HR-CA (del(17p), t(4:14)
and t(14;16) based on the older classification from 2009
for better comparison with the POLLUX trial [32]. The
benefit of Dara-Rd treatment in patients with HR-CA in
our analysis was not significant, likewise in the patients
with gain(1q21), nowadays recognized as a HR-CA [33].
This finding contrasts with the outcomes of the POLLUX
trial where patients with HR-CA maintain PFS benefit
by daratumumab treatment (HR: 0.43 [95% CI, 0.32-0.
571]) [2]. Similarly, there was PFS benefit in daratumumab
with dexamethasone over bortezomib with dexametha-
sone (HR: 0.41 [95% CI, 0.21-0.83]) [34] and in com-
bination of daratumumab—carfilzomib—dexametha-
sone over carfilzomib—dexamethasone alone (HR: 0.56
[95% CI, 0.34-0.93]) [35]. Interestingly, RCTs dealing
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with daratumumab in the front-line setting do not con-
firm clear benefit of daratumumab treatment in HR-CA
patients [36-38]. This controversy only highlights neces-
sity to consider HR-CA in a wider context of other high-
risk factors, such as high LDH levels [39], extramedul-
lary plasmacytomas [40] or circulating plasma cells [41].
Moreover, methods, such as FISH, may not reveal more
complex aberrations (e.g., chromotrypsis or specific gene
mutations), which have negative prognostic impact as well.

Daratumumab has limited efficiency in MM patients
with plasmacytoma [42—44]. In our analysis, patients with
plasmacytoma found at the time of NDMM had somehow
better Dara-Rd treatment results than patients, who devel-
oped plasmacytoma in disease relapse or progression
(RRMM). This interesting finding demonstrates differ-
ent clinical course of these two entities, even in relapsed
setting [45-47]. Our results were, however, influenced by
relatively low number of patients with this form of MM.

Clear limitation of our study was a short follow-up
of Dara-Rd cohort (median 13.5 months). Based on this
limitation, we can more clearly point to patients with
limited profit from Dara-Rd treatment than to patients
who had the best outcomes. Another important limitation
arises from the retrospective and non-randomized char-
acter of the analysis and limited cohorts size. For that
reason, similarly to other non-randomized RWE studies,
especially results in the subgroups should be assessed
critically. Other limitation of our study was the absence
of valid information of patients’ MRD status while BM
evaluations was not routinely done in all patients, as
previously described. According to POLLUX results,
best treatment results of Dara-Rd regimen were shown
in patients achieving CR (42-month PFS rates of 73.6%)
[2]. Other study dealing with daratumumab treatment
showed achievement of MRD negative status as a most
important predictor of treatment success [48].

Taken together, our RWE results emphasize the importance
of timing of modern treatment protocols. Dara-Rd treatment
in relapsed/refractory setting should be used as soon as pos-
sible to maintain best possible effect. Use of this regimen in
heavily pretreated or high-risk patients should be individually
considered with respect to other treatment options.
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Abstract

Teclistamab, a BCMAxCD3 bispecific antibody, demonstrates high efficacy in relapsed/refractory multiple myeloma
(RRMM). However, optimal dosing gi ide clinical trials remain undefined. Thus. we performed a retrospec-
tive, multicentre analysis of 73 RRMM patients treated with teclistamab monotherapy at Czech Myeloma Group centres
between 2023 and 2025. The study compared efficacy and safety between pati receiving standard weekly dosing and
those with reduced-frequency dosing. The whole cohort had a median age of 67 years; 68.5% were penta-refractory.
Dosing was de-escalated in 24.7% of patients. typically within one month of treatment initiation. Median progression-
free survival (PFS) was 9.41 months and was comparable between weekly and non-weekly groups (9.1 vs. 11.3 months;
p=0.141), despite a significantly lower relative dose intensity in the latter (60.5% vs. 87.0%; p<0.001). Infection rates
and severe adverse events were similar between groups. A lower incidence of neutropenia was observed with less frequent
dosing, but this did not translate into reduced infection burden. In conclusion, in real-world practice, early de-escalation
of teclistamab dosing appears to maintain clinical efficacy. These findings support ongoing efforts to individualize treat-
ment schedules with the aim of balancing effectiveness, tolerability, and patient-specific factors in BCMA-targeted therapy.

Keywords Multiple myeloma - Teclistamab - I stherapy - Real-world-evidence

Introduction T-cell-mediated anti-tumor response. In the MajesTEC-1

trial, it showed high efficacy in heavily pretreated patients

Teclistamab is a bispecific antibody that targets multiple
myeloma (MM) by binding to B-cell maturation antigen
(BCMA) on MM cells and CD3 on T cells, triggering a
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immune dysregulation. Recurrent infections affect~60-75%
of patients, mostly related to teclistamab-induced hypogam-
maglobulinemia [5].

In the MajesTEC-1 trial. patients received an initial step-
up dosing of teclistamab followed by a fixed weekly main-
tenance dose. For those who achieved a complete response
after six months of treatment, the dosing frequency could be
reduced to biweekly administration [1]. In real-world clini-
cal practice. however, dosing schedules are often adapted
for various reasons, potentially deviating from the standard-
ized protocols used in controlled clinical trials.

Patients and methods

We conducted a retrospective analysis of teclistamab mono-
therapy in heavily pretreated RRMM patients across all
major Czech haematology centres between 2023 and 2025.
The primary objective of this study was to compare the
efficacy and safety of standard dosing versus reduced-fre-
quency dosing. All data were collected and analysed from
the Czech Registry of Monoclonal Gammopathies (RMG)
of Czech Myeloma Group (CMG). All participants provided
written informed consents approved by institutional Ethics
boards in accordance with the latest Helsinki declaration.
Data collection cut-off date was 10th January 2025.

The study population consisted of 73 RRMM patients
with a median age of 67.0 years (range, 41-83). The median
number of prior lines of therapy was 5 (range, 3—13), with
68.5% (50/73) of patients being penta-refractory. Totally
24.7% (18/73) of patients had extramedullary plasmacy-
tomas (EMD, not associated to bone lesions). Of the 59
patients with available cytogenetics, 45.8% (27/59) had
two or more high-risk cytogenetic aberrations (HR-CA.
defined as t(4;14), t(14:16), del(17p), del(1p32) and gain/
amp(1q21)). The median follow-up was 4.9 months (range.
0.3-17.9).

Teclistamab was administered subcutaneously in all
patients according to a step-up dosing protocol (0.06 mg/
kg on Day 1 and 0.3 mg/kg on Day 4, followed by the
first full dose of 1.5 mg/kg on Day 7). Subsequently, in
the Weekly group. teclistamab is given at a maintenance
dose of 1.5 mg/kg once weekly until disease progression
or unacceptable toxicity occurs. In patients who achieved
a complete response (CR) or better for at least six months.
the dosing frequency of teclistamab was reduced to every
other week. Patients who had earlier dosing frequency
de-escalation for various reasons were categorized as the
Non-weekly group.

Response was assessed according to International
Myeloma Working Group criteria. Relative dose intensity
(RDI) was counted as the ratio of real cumulative dose

@ Springer

(RCD) to maximal ideal dose (MID). Event-free survival
(progression free survival - PFS, and overall survival - OS)
was defined as the time from treatment initiation to the
event or patient’s last follow-up. If the event didn’t occur,
the censoring was done at the time of a last follow-up. It
was assessed using the Kaplan-Meier methodology and
all point estimates include 95% confidence intervals (95%
CI). The statistical significance of differences in survival
between subgroups was assessed using the log-rank test.
The statistical significance of differences in categorical or
continuous variables between the subgroups was tested by
Fisher Exact test or Mann-Whitney U test. All statistical
tests were performed at a significance level of a=0.05 (all
tests two-sided).

Results
Response and survival in all patients

The overall response rate (ORR) in evaluable patients was
58.8% (40 out of 68), with 52.9% (36 out of 68) achieving
a very good partial response (VGPR) or better. The median
PFS was 9.41 months (95% CI: 7.11-not applicable), and
the median OS was 15.38 months (95% CI: 10.95-not
applicable).

Prognostic subgroups

Achievement of a deeper response was strongly associated
with improved survival outcomes. Patients who achieved a
VGPR or better had significantly longer median PFS com-
pared to those with a partial response (PR) or less: 15.38
months (95% CI: 11.18-not estimable) vs. 1.38 months
(95% CI: 1.28-3.48), respectively (p<0.001). This benefit
was also reflected in estimated 12-month overall survival
(OS) rates, which were 75.0% (95% CI: 57.2-98.4) for
patients with VGPR or better, compared to 27.8% (95% CI:
12.5-61.8) for those with PR or worse (p<0.001).

Additionally, patients with extramedullary disease
(EMD) had shortest median PFS compared to those
with para-skeletal plasmacytomas (growing outside of
bone lesions) or those with the absence of plasmacyto-
mas: 3.87 months (95% CI: 1.38-not estimable) vs. 10.1
months (95% CI: 6.4— not estimable) vs. not estimable;
p=0.059. Moreover, patients harbouring>2 high-risk
HR-CA had shorter median PFS when compared to those
with 1 or no HR-CA: 1.84 months (95% CI: 1.38-not
estimable) vs. 9.4 months (95% CI: 7.97-not estimable):
p=0.022, respectively. A full overview of survival out-
comes in whole cohort and subgroups is provided in
Supplementary Figs. 1-8.
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Dosing frequency and relative dose intensity

Dosing frequency was modified in 24.7% (18/73) of
patients, with 72.2% (13/18) receiving teclistamab every
two weeks and 27.8% (5/18) every four weeks. The
median time to de-escalation was 1 month (range, 0-3).
The most common reason for de-escalation was achieve-
ment of a favourable response (55.6%, 10/18). followed
by adverse events (33.3%, 6/18) and patient frailty
(11.1%, 2/18).

The median relative dose intensity (RDI). calculated as
the ratio of actual cumulative dose (RCD) to the maximum
ideal dose (MID), was 80.1% (range, 25.3—100.0%) across
the entire cohort. Patients in the non-weekly dosing group
had a significantly lower median RDI of 60.5% (range,
37.2-93.8%) compared to 87.0% (range, 25.3-100.0%) in
the weekly group (p<0.001).

Baseline characteristics were generally balanced
between groups. The median age was slightly higher in the
non-weekly group (69 years [range, 49-83]) than in the
weekly group (66 years [range, 41-85]: p=0.065). Median
ECOG performance status was 1 in both groups (range, 0-3;
p=0.37). Additional comparisons of baseline characteristics
and supportive treatment are provided in Table 1.

Survival outcomes by dosing frequency

Progression-free survival (PFS) was comparable between
patients receiving weekly and non-weekly teclistamab
dosing. The median PFS was 9.1 months (95% CI: 2.7-not
estimable) in the weekly group and 11.3 months (95% CI:
6.4-not estimable) in the non-weekly group (p=0.141).

Overall survival (OS) data were still immature at the time
of analysis. However, estimated 12-month OS rates suggested
a clinically meaningful trend in favour of weekly dosing:
62.3% (95% CT: 47.6-81.5) in the weekly group versus 36.6%
(95% CI: 14.0-95.9) in the non-weekly group. This difference
did not reach statistical significance (p=0.667). The survival
according to dosing frequency is shown in Fig. 1a. b.

Adverse events by dosing frequency

Cytokine release syndrome (CRS) occurred in 49.3%
(36/73) of patients, predominantly grade 1 (39.7%, 29/73).
with an additional 9.6% (7/73) experiencing grade 2 events.
Immune effector cell-associated neurotoxicity syndrome
(ICANS) was reported in two patients (2.7%), both cases
being grade 1. Tocilizumab was administered to 9.6% (7/73)
of patients to manage CRS and/or ICANS.

Infection rates were comparable between dosing groups
when analysed after de-escalation. Infections occutred in
80.0% (44/55) of patients in the weekly group and 66.7%
(12/18) in the non-weekly group (p=0.335). Severe infec-
tions (grade 3—4) were reported in 29.1% (16/55) of weekly-
dosed patients and 50.0% (9/18) of non-weekly patients
(p=0.152). One patient in the weekly group died from
severe sepsis linked to teclistamab treatment.

Among patients in the non-weekly group, infection inci-
dence remained similar before and after dose de-escalation.
A total of 55.6% (10/18) experienced infections prior to de-
escalation, and 66.7% (12/18) thereafter (p=0.733). Severe
infections occurred in 22.2% (4/18) before de-escalation
and in 50.0% (9/18) afterward (p=0.164), indicating a
numerical increase that did not reach statistical significance.

Table 1 Demographic ch and tr in ekly and weekly dosing groups

Non weekly dosmg Weekly dosing p valuel
Number of pts (%, n/N) 24.7% (18/73) 75.3% (55/73) -
Median age (v, range) 69.0 (49.0-83.0) 66.0 (41.0-85.0) 0.065
Gender (female, % n/N) 55.6% (10/18) 49.1% (27/55) 0.787
1SS stage (%, 1/2/3) 27.8%/38.9%/33.3% 30.9%/45.5%/23.6% 0.716
ECOG performance status (median, range) 1(0-3) 1(0-3) 0370
No. of previous treatment lines (median, range) 4(3-9) 5(3-13) 0459
Penta-refractory patients 55.6% (10/18) 88.9% (40/55) 0242
Previous anti-BCMA therapy 5.6% (1718 14.5% (8/55) 0436
Extramedullary plasmacytomas 11.1% (2/18) 29.1% (16/55) 0207
2 or more HR-CA™ 28.6% (4/14) 48.9% (22/45) 0227
Without IVIG* admimistration 27.8% (5/18) 23.6% (13/55) 0.758
Medi. thly IVIG* dose (; ‘patient) 19.1 (4.0-22.7) 22.4(4.0-100.0) 0.056
Median follow up (months, range) 5.9(1.3-13.9) 4.7 (0.3-17.9) 0327
HR-CA- high-risk cytogenetic aberrations ;* intravenous immunoglobulins
1 Fisher Exact test or Chi-square test, Mann-Whitney U test
* t4:14), 1(14;16), del(17p), del(1p32) and gain/amp(1q21)
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Fig.1 a -Progression free
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When assessing cumulative infection episodes irrespec-
tive of timing, the median number of all infection events
was 2 (range, 0-12) in the weekly group and 1 (range, 0-11)
in the non-weekly group (p=0.730). However, the median
number of grade 3—4 infection episodes was significantly
higher in the non-weekly group (median 1; range, 0-3) com-
pared to the weekly group (median 0: range, 0—4; p=0.033).

Neutropenia occurred more frequently in patients receiv-
ing weekly dosing: 61.8% (34/53) versus 22.2% (4/18) in

a Springer

30 2 18 13 9 7

the non-weekly group (p=0.006). The incidence of severe
neutropenia (grade 3—4) was similar between groups (23.6%
vs. 16.7%; p=0.745). In the non-weekly group, severe neu-
tropenia occurred in 5.5% (1/18) of patients prior to de-esca-
lation and in 16.7% (3/18) after de-escalation (p=0.603).
Rates of anemia and thrombocytopenia were comparable
between the two groups. Detailed toxicity data are presented
in Table 2. Severe toxicity before and after de-escalation is
summarized in the Supplementary Table 1.
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Table 2 Toxicity ding to dosing sch
Adverseevent Gr Non-weekly = Weekly dosmg p
dosing value*
CRS Grl-2 444% (8/18) 49.1% (27/55) 0.790
ICANS Grl 11.1%(218) 0.0% 1.000
Infection” Total 66.7% (12/18) 80.0% (44/55) 0.335
Gr34 50.0% (9/18) 29.1% (16/55) 0.152
Gr5 0.0% 1.8% (1/55) 1.000
Anemia~ Total 38.9% (7/18) 63.6% (35/55) 0.099
Gr34 56%(1/18)  7.3% (4/55) 1.000
Thrombopenia~ Total 22.2%(4/18) 41.8% (23/55) 0.167
Gr34 16.7%(3/18) 10.9% (6/55) 0.680
Neutropenia” Total 22.2% (4/18) 61.8% (34/55) 0.006
Gr34 16.7% (3/18) 23.6% (13/55) 0.745

CRS - Cytokine Release Syndrome; ICANS — Immune effactor Cell
Associated N icity Synd * Fisher exact test; ~ - counted
in the non-weekly group after the de-escalation;

Bold values are statistically significant

Discussion

This multicentre real-world study demonstrates that teclis-
tamab dosing in routine clinical practice often diverges
from the fixed weekly maintenance schedule employed in
the MajesTEC-1 trial. Despite less frequent dosing. PFS
remained comparable to weekly dosing, indicating sus-
tained efficiency in responding patients.

Clinical data on dosing de-escalation of anti-BCMA
bispecific antibodies remain limited. In a real-world study.
32% (25/77) of patients transitioned to every-other-week
dosing of teclistamab after three months due to toxicity or
achieving partial response. At six months, the progression-
free survival rate was 94% among these patients, compared
to 52% in the overall cohort, likely reflecting positive selec-
tion of responders [6]. For elranatamab, the MagnetisMM-3
trial showed that responders could reduce dosing from
weekly to every-other-week after six months, then to every-
four-week after another six months without losing efficacy
[7]. Our data uniquely show the median time to dosing fre-
quency de-escalation was just one month—much shorter
than previous studies. Current clinical trials are designed
to evaluate both the efficacy and safety of teclistamab at
reduced dosing as a monotherapy [8]. as well as in combi-
nation with other antimyeloma agents [9, 10].

Despite maintained efficacy in non-weekly dosing, no
reduction of infection events was observed. This may be due
to the prolonged impact of teclistamab on immunoglobulin
production, extending beyond the 2- or 4-week off-therapy
periods. Variability in intravenous immunoglobulin admin-
istration and supportive care across real-world settings also
likely contributes to generally inconsistent toxicity out-
comes [5, 11, 12]. In our country, immunoglobulin substitu-
tion practices vary between centers. with a significant shift

from secondary to primary prophylaxis during the study
duration. Based on these findings, primary prophylaxis with
infravenous immunoglobulins may play an important role
in infection management during anti-BCMA therapy. poten-
tially more so than dose reductions. Moreover. response to
treatment was the primary reason for dose de-escalation, but
frailty and recurring infections also contributed, potentially
biasing adverse event reports in the non-weekly group.
Also, these patients were generally older. While bispecific
antibodies’ efficacy is unaffected by age [1, 6, 13], elderly
patients are more susceptible to infections and hematologic
toxicity. Both groups were balanced regarding EMD and
high-risk cytogenetics, which negatively influenced prog-
nosis both in our study and in so far published works [1, 3].

We noted a reduced incidence of neutropenia with the
non-weekly dosing schedule. Since BCMA is not typically
expressed on myeloid cells or neutrophils, this might result
from less immune cell-mediated myelosuppression due to
lower teclistamab plasma levels [13]. The impact of teclis-
tamab dosing frequency on myeloid cells remains unclear
and warrants further study.

The OS data. though still immature, seems to favor
weekly dosing. Factors such as patient age or alternative
treatments like GPRC5D or FCRHS5 bispecific antibodies
for teclistamab-refractory patients may influence results [14,
15]. More research is needed on how reduced anti-BCMA
bispecific antibody dosing affects subsequent therapy effi-
cacy, particularly regarding T-cell exhaustion [16, 17].

The retrospective nature of our study, small sample size
and the variability in clinical decision-making processes are
limitations that should be acknowledged. However, our find-
ings offer valuable insights into the real-world application of
teclistamab and may guide future research efforts aimed at
optimizing dosing protocols to balance efficacy, safety, and
treatment costs. Our approach may also assist clinicians with
teclistamab dosing decisions in challenging cases.

Taken together, in a real-world setting, early de-escalation
of teclistamab dosing did not compromise efficacy espe-
cially in responding patients. However, reduced dosing was
not associated with a lower rate of infectious complications.
These findings suggest that flexible, response-adapted dosing
strategies may be appropriate in select patients, particularly
those with frailty or tolerability concems. Further prospective
studies are needed to validate these observations and to better
define the impact of dosing modifications on long-term out-
comes, immune recovery, and subsequent therapy sequencing.

Supplementary Information The online version contams supplementary
matenial available at hitps://doi.org/10.1007/500277-025-06529-1.
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3. Zavér
Vyzkumu extraosealniho mnohocetného myelomu se autor vénoval systematicky od

dokonceni doktorského studia. Podafilo se identifikovat vyznamné genetické faktory,
které piredurcuji vznik tohoto onemocnéni, ukazat rozdilné chovani paraskeletarnich a
extramedularnich plazmocytomt a popsat klinické i molekularni prognostické ukazatele u
téchto jednotek. Prestoze byly dosazeny dil¢i ispéchy, stale mnoho otazek o biologii
tohoto onemocnéni ziistdva nezodpovézeno. RovnéZ neni jasn€ popsana efektivni 1écba ¢i
1écebna strategie pro vysoce rizikoveé pacienty. Téma extraosealniho myelomu tedy bude

Jisté patfit mezi ziva témata klinické i experimentalni hematologie fadu dalSich let.
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5. Seznam pouzitych zkratek

ANXA1 — annexin Al
ARID1A — AT-rich interaction domain 1A
BCL2 — B-cell lymphoma 2
BCMA — B-cell maturation antigen
BRAF — B-Raf proto-oncogene
CAR-T — chimeric antigen receptor T cells
CCR1 — C-C motif chemokine receptor 1
CCR2 - C-C motif chemokine receptor 2
CD38 — cluster of differentiation 38 (plazmocyty)
CD8 — cluster of differentiation 8 (cytotoxické T-lymfocyty)
CDKN2C — cyclin-dependent kinase inhibitor 2C
CI - confidence interval, interval spolehlivosti
CNS — central nervous systém
CR — complete response
CT — computed tomography
ctDNA - cirkulujici nddorova DNA
CXCLI12 — C-X-C motif chemokine ligand 12
CXCR4 — C-X-C motif chemokine receptor 4
del(1p32) — delece lokusu p32 na chromozomu 1
EZH?2 — enhancer of zeste homolog 2
FCRHS — Fc receptor-like protein 5
FDG-PET/CT — fluorodeoxyglucose positron emission tomography / computed
tomography
GPRCS5D — G protein-coupled receptor class C group 5 member D
HR — hazard ratio
IGH — immunoglobulin heavy locus
IMiD — immunomodulatory drug
IL6 — interleukin 6
IL7 — interleukin 7
ISS — International Staging Systém
KITL — KIT ligand
KRAS — Kirsten rat sarcoma virus
KMT2A/B — lysine methyltransferase 2A/B
LAG-3 — lymphocyte activation gene 3
LF — 1ékatska fakulta
LYNX — LYmphoid NeXt generation sequencing panel, NGS panel
MAPK — mitogen-activated protein kinase
MGUS — monoclonal gammopathy of undetermined significance
MR — magnetic resonance
NA — not available / not achieved (nedosazeno)
NCAM - neural cell adhesion molecule
NGS — next-generation sequencing
NK — natural killer (bunky)
NOR — Nérodni onkologicky registr
OS — overall survival, celkové preziti
PD-1 — programmed cell death protein 1
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PFS — progression-free survival, pieZiti bez progrese

R-ISS — Revised International Staging Systém

RBI1 — retinoblastoma protein

SAMHDI — SAM domain and HD domain-containing protein 1
SLAMF7 — signaling lymphocytic activation molecule family member 7
STCI — stanniocalcin 1

TENTS5C — terminal nucleotidyltransferase 5C

TIM-3 — T-cell immunoglobulin and mucin-domain containing-3

TP53 — tumor protein p53

VEGFC — vascular endothelial growth factor C
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