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Rozdzial 2.

Wykaz stosowanych skrotow i oznaczen

ACD - ang. anaemia of chronic disease, anemia chorob przewlektych

AIDS — ang. acquired immunodeficiency syndrom, zesp6t nabytego niedoboru
odpornosci

AL —ang. amyloid light chain, amnyloidowy tancuch lekki

CR —ang. complete remission, catkowita remisja

CRP —ang. C reactive protein, biatko C-reaktywne

eGFR — ang. estimated glomerular filtration rate — szacowane przesaczanie
ktebuszkowe

EPO - ang. erythropoetin, erytropoetyna

FLC — ang. free light chains, wolne tancuchy lekkie

GDF15 — ang. growth differentation factor 15, zréznicowany czynnik wzrostu 15

HGB — ang. haemoglobin, hemoglobina

HIV —ang. human immunodeficiency virus, ludzki wirus niedoboru odpornosci

HR — ang hazard ratio, wspotczynnik ryzyka

IL-6 — ang. interleukin 6, interleukina 6

ISS — ang. International Staging System, Miedzynarodowy System Stopniowania

IQR — ang. interquartil range, rozstep miedzykwartylowy

LC —ang. light chains, wolne tancuchy

MCH — ang. mean cell haemoglobin, srednia masa hemoglobiny w krwince czerwonej
MCHC - ang. mean cell hemoglobin concentration, $rednie stezenie hemoglobiny
w Kkrwince czerwonej

MCYV —ang. mean cell volume, $rednia obj¢tos¢ krwinki czerwonej

MM — ang. multiple myeloma, szpiczak mnogi

MRI — ang. magnetic resonance imagine, rezonans magnetyczny

NGAL - ang. neutrophil-gelatinase associated lipocalin, lipokalina zwigzana
z zelatynazg neutrofilow

NT proBNP — ang. N-terminal pro-B-type natriuretic peptide, N-koncowy peptyd
natiuretyczny typu pro-B

PD — ang. progressive disease, postgpujaca choroba

PET — ang. positron emission tomography, pozytronowa tomografia emisyjna

PR —ang. partial remission, cze¢sciowa remisja



RBC — ang. red blood cells, erytrocyty

RDW-CV - ang. red cell distribution width—coefficient of variation, wspétczynnik
zmiennosci rozkladu erytrocytow

RTG — badanie rentgenowskie

SD —ang. stable disease, stabilna choroba

SMM - ang. smoldering multiple myeloma, tlaca posta¢ szpiczaka mnogiego

STfR — ang. soluble transferrin receptor, rozpuszczalny receptor transferryny
TGF-beta — ang. transforming growth factor beta, transformujacy czynnik wzrostu beta

TK — tomografia komputerowa
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Rozdzial 3.
Wstep

3.1. Szpiczak mnogi i jego nerkowe manifestacje

Szpiczak mnogi (ang. multiple myeloma - MM) jest nowotworem ztosliwym
wynikajacym z klonalnej proliferacji plazmocytow szpiku kostnego i stanowi 10%
nowotworow hematologicznych oraz 1,8% wszystkich nowotworéw ztosliwych [1].
W Polsce rocznie diagnozuje si¢ okoto 1500-1800 nowych przypadkéw. Mimo, ze jest
to choroba osob starszych (ok. 70% przypadkow szpiczaka mnogiego wystepuje u 0sob
po 65. r.z.), to coraz czgSciej rozpoznanie jest stawiane pacjentom ponizej 55 roku zycia
[2]. Czesciej choruja mezezyzni, a poczatkowy etap MM jest bezobjawowy. Mediana
catkowitego przezycia pacjentdw z nowo zdiagnozowang chorobg wynosi od 6 do 8 lat
[3]. Do rozpoznania MM konieczna jest obecnos$¢ klonalnych plazmocytow w szpiku
>10% lub potwierdzony w biopsji guz plazmocytowy kostny lub pozaszpikowy oraz >1
Z wymienionych kryteriow:

a. kryteria uszkodzenia narzagdowego zwigzanego ze szpiczakiem: hiperkalcemia
(>0,25 mmol/l powyzej gornej granicy normy lub >2,75 mmol/l), niewydolnos¢
nerek (klirens kreatyniny <40 ml/min/1,73m? lub kreatyninemia >177 pmol/I [2
mg/dl]), niedokrwistos¢ (stez. HGB 2 g/dl ponizej dolnej granicy normy lub <10
g/dl), uszkodzenia kostne (>1 ognisko osteolityczne w badaniu rentgenowskim
(RTG), tomografii komputerowa (TK) lub pozytronowej tomografii emisyjnej
(ang. positron emission tomography, PET) z TK);

b. >1 biomarker nowotworu: plazmocyty w szpiku >60%, stosunek wolnych
fancuchéw lekkich w surowicy (k/A albo Ax) >100 przy stezeniu tancuchéw
monoklonalnych >100 mg/l;

c. >1 zmiana ogniskowa 0 wymiarze >5 mm w rezonansie magnetycznym (ang.
magnetic resonance imagine, MRI).

Natomiast SMM rozpoznaje si¢ na podstawie obecnosci biatka M w surowicy >30 g/l
lub w moczu >500 mg/24 h i/lub obecnosci klonalnych plazmocytow w szpiku 10-60%,
przy niespetnionych Kryteriach uszkodzenia narzadowego, nieobecnosci biomarkerow
nowotworu oraz amyloidozy tancuchow lekkich (ang. amyloid light chain, AL) [2].
Gléwnymi manifestaciami MM s3: niedokrwistos¢ (73%), bdle kosci
I osteolityczne zmiany kostne (odpowiednio 58% i 67%), niewydolno$¢ nerek (48%),

zmgczenie (32%), hiperkalcemia (28%) i utrata masy ciata (24%) [4]. Objawy nerkowe
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u chorych ze szpiczakiem mnogim takie jak: biatkomocz nerczycowy, zespot
nerczycowy, przewlekta czy ostra niewydolnos$¢ nerek, wystepuja w przebiegu zajgcia
nerek w postaci np. nefropatii waleczkowej, amyloidozy, choroby depozytow
tancuchow lekkich, zespotu nadlepkosci, nefropatii hiperkalcemicznej oraz ostrej

nefropatii dnawej [2].

3.2. Anemia w szpiczaku mnogim

Niedokrwistos¢ jest jednym z najczestszych, wczesnych powiktan MM
o wieloczynnikowej patogenezie. Wytwarzanie przez komorki plazmatyczne cytokin,
ktére hamuja erytropoez¢, uposledzaja homeostaze zelaza i prowadza do rozwoju
anemii chorob przewleklych (ang. anaemia of chronic disease - ACD) [5] oraz
wypieranie prawidtowych komoérek szpiku kostnego przez komodrki nowotworowe
przyczyniaja si¢ do rozwoju tego powiktania. Do czynnikow ryzyka rozwoju anemii
u chorych z MM nalezg: niskie wyjsciowe st¢zenie hemoglobiny (<14 g/dl dla
mezczyzn oraz < 12 g/dl dla kobiet), chemioterapia, pte¢ zenska [6]. W badaniach
laboratoryjnych obserwujemy niedokrwisto§¢ normochromiczng, prawidlowe lub
obnizone stezenie zelaza w surowicy, podwyzszone wartosci ferrytyny w surowicy oraz
hemosyderyny w makrofagach szpiku kostnego, co odpowiada zaburzeniom
charakterystycznym dla ACD [7]. U wigkszo$ci pacjentow z anemiag wspotistniejaca
z MM warto$ci hemoglobiny (ang. haemoglobin — HGB) mieszczg si¢ w przedziale
mig¢dzy 8 a 10 g/dl, tylko u 10% chorych HGB wynosi ponizej 8 g/dl [8]. Konsekwencja
anemii w MM jest pogorszenie jako$ci zycia pacjentow wynikajace ze zmeczenia,
dusznos$ci, powiktan sercowo-naczyniowych, pogorszenia funkcji poznawczych oraz
czestszych hospitalizacji zwigzanych z przetaczaniem preparatow krwi. Co wigcej,
niedokrwisto$¢ jest rowniez niezaleznym predyktorem gorszego rokowania w MM.

Najczgstszymi przyczynami niedokrwistosci zwigzanej z MM sg: wypieranie
uktadu czerwonokrwinkowego przez nowotworowe plazmocyty, apoptoza, aktywnos¢
prozapalna cytokin, niewystarczajace wydzielanie erytropoetyny (ang. erythropoetin —
EPO) w poréwnaniu do stopnia anemii, skrocenie czasu przezycia erytrocytow (<10%),
nieadekwatna gospodarka zelazowa, bezposrednia supresja erytropoezy przez komorki
szpiczaka [9]. Za gospodarke zelazowag w organizmie odpowiedzialne sg nastepujace
komorki: enterocyty zaangazowane we wchlaniane zelaza w jelitach, erytroblasty jako
prekursory erytrocytow (ang. red blood cells - RBC), makrofagi §ledziony rozktadajace

starzejgce si¢ RBC oraz hepatocyty monitorujgce wysycenie transferyny zelazem [8].
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Co wigcej, w populacji pacjentow z niewydolnos$cig nerek i anemig w przebiegu MM
czesciej wystepuje niedobor EPO (60%) w poréwnaniu do chorych bez niewydolnos$ci
nerek, ale z anemiag w MM (25%) [9]. Czgs¢ badan sugeruje, ze zalezno$é
niedokrwistos$ci 1 uposledzenia funkcji nerek moze by¢ odwrotna: cigzka niedokrwistos¢
jest niezaleznym czynnikiem ryzyka rozwoju zaburzen czynnosci nerek u badanych
chorych z MM [10].

Leczenie chorych z anemig w przebiegu MM opiera si¢ na terapii choroby
podstawowej oraz leczeniu objawowym, takim jak: przetaczanie preparatow krwinek
czerwonych (u chorych z objawami niedokrwistosci i/lub HGB < 7 g/dl), podawaniu
preparatow rekombinowanej ludzkiej erytropoetyny (do rozwazenia przy objawowe;j
anemii i/lub HGB <10 g/dl) oraz suplementacji doustnej lub pozajelitowej zelaza [5].
Zwigkszone ryzyko $miertelnosci przy stosowaniu EPO u pacjentdw z nowotworami
hematologicznymi obserwuje si¢ stosunkowo rzadko. Najczgéciej zwigzane jest
ze zwigkszonym ryzykiem zakrzepowo-zatorowym u chorych leczonych w skojarzeniu
z glikokortykosteroidami 1 lekami immunomodulujacymi (np.: talidomidem,
lenalidomidem, palidomidem). Dlatego w tej grupie pacjentow nalezy pamigtac
0 koniecznosci profilaktyki przeciwzakrzepowej. Nowe badania sugeruja, ze
rekombinowane bialka fuzyjne rozpuszczalnego receptora aktiwiny typu Il oraz IgG-Fc

(sotatarcept i luspatarcept) moga sta¢ si¢ nowa forma leczenia niedokrwistosci [11,12].

3.3. Nowe markery gospodarki zelazowej

W praktyce klinicznej niedokrwistos¢ w przebiegu MM oceniania jest poprzez
oznaczenie stezenia HGB, hematokrytu, RBC, MCH, MCHC, MCV, RDW-CV oraz
zelaza. Nowe markery gospodarki zelazowej moga by¢ pomocne we wczesnym
rozpoznawaniu anemii, ocenie jej postgpu 1 potencjalnego rokowania przezycia

pacjenta.

3.3.1. GDF15

Zréznicowany czynnik wzrostu 15 (ang. growth differentation factor 15 -
GDF15) jest cztonkiem rodziny transformujacego czynnika wzrostu beta (ang.
transforming growth factor beta, TGF-beta) i wykazuje silng ekspresj¢ w erytroblastach,

co moze odgrywa¢ wazng role w regulacji linii erytroidalnej [13]. Nowe badania
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sugeruja, ze W populacji chorych na MM gtownym zréodtem GDF15 jest szpik kostny
[14]. Dodatkowo, cytokiny prozapalne indukuja ekspresj¢ GDF15 w makrofagach,
a sama czastka moze zmniejszy¢ ekspresje mRNA hepcydyny i w ten sposéb
przyczyni¢ si¢ do niedokrwistosci [13]. Obserwuje sie, ze st¢zenie GDF15 w surowicy
ma wplyw na funkcje nerek i jest predyktorem spadku filtracji kigbuszkowej [15].
W ostatnich doniesieniach zostata podniesiona prognostyczna rola GDF15
w amyloidozie AL niezaleznie od tradycyjnych biomarkeréw sercowych i nerkowych
[16]. Podwyzszone stezenia GDF15 w surowicy wigza si¢ ze slabszg odpowiedzig na

leczenie w MM [17].

3.3.2.sTfR

Stezenie rozpuszczalnego receptora transferyny (ang. soluble transferrin receptor
— sTfR) bedacego pojedynczym *lancuchem peptydowym, odzwierciedla stan
funkcjonalnego przedziatu zelaza w surowicy, zwigkszenie liczby erytropoetycznych
komorek prekursorowych oraz rosngce zapotrzebowanie na zelazo do erytropoezy [18].
Na st¢zenie STFR spltywa stan odzywienia oraz status immunologiczny, podczas gdy
jego warto$¢ nie jest skorelowana z wiekiem ani plcig pacjenta [19]. W sytuacji gdy
zapasy zelaza w organizmie sa wystarczajace, STfR odpowiada za szybkosc
erytropoezy. W stanach niedoboru zelaza stezenie STfR wzrasta, co odzwierciedla
nieskuteczno$¢ erytopoezy, natomiast w chorobach przewlektych proces ten jest
miernie nasilony, a stezenie STfR jest powiazane z zapasami zelaza [20]. Oznaczenia
tego markera w surowicy moga by¢ przydatne w roéznicowaniu prawdziwych
1 funkcjonalnych niedoboréw zelaza, ocenie stanu zapalnego 1 monitorowaniu

odpowiedzi na leczenie EPO [19,21].

3.3.3. Hepcydyna 25

Hepcydyna 25 to sktadajacy si¢ z 25 aminokwasow hormon peptydowy
produkowany glownie przez hepatocyty, a w mniejszym stopniu aktywowane neutrofile
I makrofagi. Odpowiada za regulacje wchlaniania zelaza z jelit, jego uwalnianie
z makrofagoéw oraz transport przez tozysko. Produkcja hepcydyny jest regulowana
przez stezenie zelaza W 0soczu oraz cytokiny prozapalne (gléwnie interleuking 6 (ang.

interleukin 6 — IL-6)), jednakze zwigkszona aktywno$¢ EPO pelni rolg hamujaca jej
14



wytwarzanie [9]. Hepcydyna poprzez degradacj¢ ferroportyny ogranicza zelazo
dostepne do erytropoezy [22]. Ten biomarker jest usuwany poprzez degradacje
komorkows, glownie droga nerkowg [23]. Stezenie hepcydyny w surowicy koreluje
ze stezeniem ferrytyny oraz hepcydyny w moczu, dodatkowo na jego zmian¢ maja
wplyw choroby ogolnoustrojowe (jak MM, stany zapalne, choroby nerek), zapasy

zelaza w organizmie, spozycie tego pierwiastka czy zmienno$¢ dobowa [22,23].

3.4. Uzasadnienie polaczenia prac w cykl publikacji

Wedlug naszej najlepszej wiedzy istnieje niewiele doniesien taczacych
zagadnienia nowych markeréw gospodarki zelazowej i anemii w szpiczaku mnogim
bezposrednio z niewydolno$cig nerek wérod tych chorych.

W pracy przegladowej nr 1 opublikowanej w 2019 roku omoéwiono aktualny
przeglad literatury dotyczacej nowych biomarkeréw gospodarki zelazowej w MM oraz
niedokrwisto$ci zwigzanej z przewlekla choroba nerek. Opisano patogeneze anemii
w MM, a takze mechanizmy dziatania poszczegdlnych markerow (hepcydyny 25,
GDF15 oraz sTfR). Przedstawiono dostgpng wiedz¢ na temat korelacji badanych
wskaznikow z anemia, MM oraz niewydolnoscia nerek. Uwzgledniono znane
zalezno$ci markerow miedzy soba.

W pracy oryginalnej nr 2 opublikowanej w 2020 roku przedstawiono wyniKi
oznaczen stezenia GDF15 w surowicy krwi pacjentow z MM lub tlacg postacig
szpiczaka mnogiego (ang. smoldering multiple myeloma — SMM), ktore skorelowano
z parametrami demograficznymi, stadium MM, klasycznymi markerami anemii, stanu
zapalnego, niewydolnos$ci nerek oraz $miertelnoscia.

W pracy oryginalnej nr 3 opublikowanej w 2022 roku przedstawiono wyniki
oznaczen st¢zenia hepcydyny 25 oraz STfR w surowicy krwi pacjentéw z MM lub
SMM, ktore podobnie jak w pracy 2 powigzano z parametrami demograficznymi,
stadium MM, stosowang chemioterapig, klasycznymi markerami niedokrwisto$ci, stanu
zapalnego, niewydolnos$ci nerek oraz $miertelnoscia.

Wszystkie wymienione elementy wymagaja dalszych badan oraz ich walidacji
w ramach prospektywnego badania klinicznego z udziatem wigkszej liczby pacjentow.
Mamy nadziej¢, ze W przysztosci nowe biomarkery gospodarki zelazowej okaza si¢
czynnikami rokowniczymi dla pacjentoéw chorujacych na MM z niewydolnoscia nerek,

dzigki czemu mozliwe bedzie wczesne wdrozenie profilaktyki, farmakoterapii
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co w konsekwencji przyczyni si¢ do podniesienia jakoS$ci zycia i zwigkszenia przezycia

pacjentow ze szpiczakiem mnogim.
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Rozdzial 4.

Zalozenia i cele pracy

4.1. Zalozenia pracy

Rozprawe doktorska zaplanowano jako jednotematyczny cykl publikacji
w mi¢dzynarodowych czasopismach naukowych znajdujacych si¢ na liscie Journal
Citation Report (Thomson Reuters) oraz Ministerstwa Nauki i Szkolnictwa
Wyzszego/Ministerstwa Edukacji i Nauki. Badanie zaprojektowano jako prospektywne,
jednoosrodkowe, obserwacyjne. Podstawowym zatozeniem pracy byta weryfikacja tezy,
czy nowe markery gospodarki zelazowej moga by¢ wykorzystywane w ocenie anemii
u pacjentow ze szpiczakiem mnogim w korelacji z uszkodzeniem nerek, czy moga
pomoc w ocenie zaawansowania choroby podstawowej oraz czy beda przydatne jako
czynniki rokownicze dla tej populacji. Zaplanowano realizacje pracy w kilku etapach.

W oparciu o przeglad dostepnej literatury naukowej przygotowywano prace
przegladowa dotyczaca biomarkerow gospodarki zelazowej w szpiczaku mnogim
1 anemii zwigzanej z chorobg nerek. Uwzgledniano markery bedace tematem niniejszej
rozprawy takie jak: hepcydyna 25, GDF15 i sTfR oraz ich zwigzek z rozwojem
niedokrwisto$ci, gospodarka zelaza oraz stadium choroby podstawowej w grupie
pacjentow z MM i uszkodzeniem nerek.

Oceniano przydatnos¢ poszczegdlnych markerow gospodarki zelazowej

u chorych z MM:

1. GDF15 bedac dalszym celem nowotworowego supresora p53 oraz cztonkiem rodziny
TGF beta, ktory jest indukowana w odpowiedzi na czynniki wywotujace stres
komorkowy (np. niedotlenienie, uszkodzenie tkanek, stan zapalny), zostal uznany
za jeden z najbardziej interesujacych biomarkeréw nowotworowych [14].

W naszym badaniu GDF15 oznaczono w surowicy krwi. Analizowano stgzenie
GDF15 u pacjentow z MM 1 poréwnano je z wynikami badan w grupie kontrolnej,
a takze oceniono zaleznos$¢ stgzenia tego markera w zalezno$ci od wieku. Nastepnie
uwzgledniono zalezno$¢ GDF15 wzgledem stadium zaawansowania MM wg
Migdzynarodowego Systemu Stopniowania (ang. International Staging System — ISS),
stezenia poszczegolnych markerow MM (FLC we krwi i wolne tancuchy (ang. light
chains - LC) w moczu, B2-mikroglobulina) oraz odpowiedzi na leczenie. W grupie
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chorych na MM badano powigzanie GDF15 z markerami anemii (HGB, zelazem),
niewydolnosci nerek (kreatyning, cystatyng C, klirensem kreatyniny (ang. estimated
glomerular filtration rate - eGFR), lipokaling zwigzang z zelatynazg neutrofilow (ang.
neutrophil-gelatinase associated lipocalin — NGAL)), stanu zapalnego (IL-6,
leukocytami) oraz sercowymi (N-koncowy peptyd natiuretyczny typu pro-B, ang.
N-terminal pro-B-type natriuretic peptide — NT proBNP). Weryfikowali$my potencjat
GDF15 jako wskaznika $miertelnosci u chorych z MM. Poddano analizie GDF15
z pozostalymi biomarkerami (hepcydyng 25 oraz sT{R).

2. STfR zapobiega w organizmie toksyczno$ci zwigzanej zZ przetadowaniem zelazem,
jednakze forma TfRI, ktora ma wigksze powinowactwo do transferyny ulega
nadekspresji na komodrkach o wysokim wskazniku proliferacji (np. komodrkach
ztosliwych nowotworéw hematologicznych) [8]. Dodatkowo badania wykazaty
podwyzszone st¢zenie sTfR w surowicy w powigzaniu z poglebianiem przewlektej
niewydolnosci nerek [24].

Stezenie STFR 0znaczono w surowicy krwi. Oceniono st¢zenie STfR U pacjentow
z MM i poréwnano z wynikami w grupie kontrolnej, a takze pomiedzy chorymi na MM
z i bez anemii. Korelowano sTfR ze stadium MM wg ISS, rodzajem zastosowanego
leczenia, stezeniami poszczegdlnych markerow MM (FLC we krwi oraz LC w moczu,
B2-mikroglobuling), wiekiem i picig. W grupie chorych na MM badano roéwniez
zalezno$¢ sTfR z markerami anemii (HGB, srednig objetoscig erytocytu (ang. mean cell
volume - MCV), érednig masg hemoglobiny w krwince czerwonej (ang. mean cell
hemoglobin - MCH), $rednim stezeniem hemoglobiny w Krwince czerwonej (ang. mean
cell hemoglobin concentration — MCHC), wspoétczynnikiem zmienno$ci rozktadu
erytrocytow (ang. red cell distribution width—coefficient of variation - RDW-CV),
zelazem), niewydolnoscig nerek (st¢zeniem kreatyniny, eGFR, NGAL), markerami
stanu zapalnego (IL-6). Oceniono zalezno$¢ sTfR z pozostalymi biomarkerami
(hepcydyna 25 oraz GDF15). Przedmiotem badania byta takze analiza sTfR jako

czynnika predykcyjnego $miertelnosci w tej grupie chorych.

3. Hepcydyna 25 jako jedno z bialek ostrej fazy jest regulowana przez IL-6, cykling
indukujaca rozwdj MM (potencjalny czynnik wzrostu dla komorek szpiczaka) [8].
Co wigcej, ekspresja hepcydyny jest regulowana przez GDF15 wydzielany przez

komorki mikrosrodowiska nowotworu [25].
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Oceniono stezenie hepcydyny w surowicy krwi u pacjentow z MM i poré6wnano
z wynikami uzyskanymi w grupie kontrolnej, a takze pomig¢dzy chorymi na MM
z anemig i bez. Analizie poddano zalezno$¢ hepcydyny ze stadium zaawansowania MM
wg ISS, rodzajem zastosowanego leczenia, stezeniami poszczegdlnych markerow MM
(FLC we krwi oraz LC w moczu, B2-mikroglobuling), wiekiem i plcig. Réwniez w
grupie chorych na MM badano powigzanie hepcydyny z markerami anemii (HGB,
MCV, MCH, MCHC, RDW-CV, zelazem), wskaznikami niewydolnosci nerek
(stezeniem kreatyniny, eGFR, NGAL), stanu zapalnego (IL-6). Ponadto analizowano
hepcydyne jako wskaznika $miertelnosci u chorych z MM oraz zalezno$¢ hepcydyny

z pozostatymi biomarkerami (sTfR oraz GDF15).
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4.2. Cel pracy
Celem pracy byla ocena zastosowania nowych biomarkerow gospodarki
zelazowej u chorych ze szpiczakiem mnogim w zalezno$ci od stopnia uszkodzenia

nerek.

Cele szczegolowe:

1. Analiza zwigzku pomiedzy stadium MM a wybranymi markerami gospodarki
zelazowej.

2. Analiza zalezno$ci pomiedzy wybranymi markerami gospodarki zelazowej
a anemig w MM.

3. Analiza korelacji badanych markerow gospodarki zelazowej z uszkodzeniem
nerek.

4. Analiza zaleznosci pomiedzy wybranymi markerami gospodarki zelazowej
a $miertelnoscig u chorych z MM.

5. Analiza zwigzku badanych markerow gospodarki zelazowej miedzy sobag

u pacjentow z MM.
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Rozdziat 5.
Material i Metodyka

3.

Prace realizowano kilkuetapowo:

. Do badania wlaczono pacjentow bedacych w stalej opiece ambulatoryjnej

Poradni Hematologicznej Oddzialu Klinicznego Hematologii  Szpitala
Uniwersyteckiego w Krakowie.

Kryteria wlaczenia: wiek > 18 roku zycia, zdiagnozowany MM lub SMM

wg kryteriow International Myeloma Working Group.

Kryteria wylaczenia: ostre stany zapalne, chorzy z aktywnym wirusowym

zapaleniem watroby typu B lub C, z przeciwciatami anty-HIV (ang. human
immunodeficiency virus, ludzki wirus niedoboru odpornosci) lub jawnym
zespolem nabytego niedoboru odpornosci (ang. acquired immunodeficiency
syndrom, AIDS), dodatkowo =z towarzyszacymi innymi chorobami
nowotworowymi, chorzy po przeszczepach narzadowych, w trakcie leczenia
immunosupresyjnego z innego powodu niz MM, chorzy hemodializowani.
Do badania zakwalifikowano tacznie 73 chorych.
Opracowano baz¢ danych na podstawie informacji z wizyty w Poradni
Hematologicznej w momencie wilaczenia pacjenta do badania oraz dostepnej
dokumentacji medycznej. W bazie uwzglgdniono m.in.:

e dane demograficzne,

e date postawienia diagnozy MM lub SMM,

e aktualny stopien zaawansowania szpiczaka,

e zajecie uktadu kostnego (ocena rentgenogramow),

e dotychczas stosowane oraz aktualne leczenie, ze szczegdlnym

uwzglednieniem chemioterapii,

e odpowiedz na leczenie.
W momencie wilgczenia pacjenta do badania w ramach wizyty w Poradni
Hematologicznej pobierano 1 probowke krwi o poj. 4,9 ml ,na skrzep”,
2 probowki krwi o pojemnosci 4,9 ml na EDTA oraz 1 prébke moczu. Probki
po pobraniu byly odwirowane, zamrozone i przechowywane w temperaturze -

70C do czasu wykonania oznaczen (wytyczne Good Laboratory Practice).

21



4. Srednia wykonania follow-up wynosita 27 miesigcach od rozpoczecia badania.
Oceniono wyniki badan laboratoryjnych z ostatniej wizyty (szczeg6lnie stezenia

HGB) oraz zebrano dane dotyczace zgonow (jesli wystgpity): date i przyczyne.
Badanie byto zgodne z Deklaracja Helsinska i zasadami Good Clinical. Komisja
Bioetyczna  Uniwersytetu  Jagiellonskiego  zatwierdzila  protokoét  badania
(nr 1072.6120.248.2017). Kazdy chory otrzymat wyczerpujace informacje na temat celu

projektu oraz podpisat §wiadomg zgode na badanie.

Do grupy kontrolnej wilaczono 21 zdrowych ochotnikow (13 Kkobiet,
8 mezczyzn) w wieku 39-66 lat.

Metodyka badania:
1. Ocena gospodarki zelazowej i anemii na podstawie oznaczen:

a. standardowo dostgpne: zelazo w surowicy, ferrytyna w surowicy,
transferyna w surowicy, elementy wchodzace w sktad morfologii krwi:
RBC, HGB, hematokryt, MCV, MCH, MCHC, RDW-CV,

b. badania nowych  markerow  gospodarki  Zelazowej  metoda
immunoenzymatyczng ELISA, uzywajac nastgpujacych zestawow
handlowych:

e STfR w surowicy krwi: serum sTfR Human sTfR Immunoassay
(R&D Systems Inc., Minneapolis, USA)
e GDF-15 w surowicy krwi: Quantikine ELISA Human GDF-15
Immunoassay (R&D Systems, Inc., Minneapolis, USA)
e hepcydyna 25 w surowicy krwi: Hepcidin 25 human Cet. No.
S-1337 kit (Peninsula Laboratories International, Inc.,
San Carlos, CA, USA).
2. Ocena aktywnosci szpiczaka mnogiego na podstawie oznaczen:
a. FLC surowicy krwi oraz LC w moczu,
b. biatko monoklonalne w surowicy i moczu,

C. wapn W surowicy krwi,

o

dehydrogenaza mleczanowa w surowicy krwi,

D

. B2-mikroglobulina w surowicy krwi.

3. Ocena funkcji nerek na podstawie oznaczen:
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a. standardowo wykonywane: stezenie kreatyniny w surowicy, ocena eGFR
ze wzoru Modification of Diet in Renal Disease (MDRD) formula oraz
Chronic Kidney Disease—Epidemiology Collaboration (CKD-EPI)
Cr 2009 formula [26], stezenie albuminy w surowicy, biatka catkowitego
W surowicy,

b. badania markerow uszkodzenia nerek metoda immunoenzymatyczng
ELISA, uzywajac nastepujacych zestawow handlowych:

e cystatyna C w surowicy krwi i moczu: Human Cystatin C ELISA-
IVD (BioVendor Research and Diagnostic Products, Brno, Czech
Republic),

e NGAL w surowicy krwi i moczu: Human NGAL monomer-
specific ELISA Kit (BioPorto Diagnostics A/S, Hellerup,
Denmark).

4. Ponadto oceniano:

a. aktywno$¢ stanu zapalnego na podstawie stgzen: leukocytozy
z rozmazem krwi, biatka C-reaktywnego (ang. C-reactive protein, CRP),
interleukiny 6 (IL-6) w surowicy za pomoca: Quantikine ELISA Human
IL-6 Immunoassay (R&D Systems, Inc., Minneapolis, MN, USA),

b. NT-proBNP w surowicy za pomoca: Enzyme-linked Immunosorbent
Assay ELISA Kit For NT-ProBNP Human (Cloud-Clone Corporation,
Huston, TX, USA).

Oznaczenia stgzenia GDF15, hepcydyny 25, STfR, cystatyny C, IL-6,
NT-proBNP  w surowicy oraz NGAL w surowicy i w moczu dokonano
z wykorzystaniem sprzg¢tu zakupionego przez Uniwersytet Medyczny w Biatymstoku
w ramach dofinansowania RPOWP 2007-2013, Priority I, Axis 1.1, nr kontraktu. UDA-
RPPD.01.01.00-20-001/15-00 z dnia 26.06.2015.

Do pomiaru podstawowych badan biochemicznych zostal uzyty automatyczny
analizator Hitachi 917 (Hitachi, Japan) and Modular P (Roche Diagnostics, Mannheim,
Germany). Parametry hematologiczne mierzono za pomocg analizatora Sysmex XE
2100 analyser (Sysmex, Kobe, Japan). Stezenie FLC w surowicy krwi, LC w moczu
oraz B2-microglobuliny oznaczano na analizatorze BN 11 (Siemens GmbH, Germany).
Powyzsze analizatory znajdujg si¢ w Zakladzie Diagnostyki Laboratoryjnej Szpitala

Uniwersyteckiego w Krakowie.
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Analiza statystyczna

W opracowaniu czgéci statystycznej wykorzystano oprogramowanie Statistica
12.0 (StatSoft, Tulsa, OK, USA). W przypadku danych kategorycznych podawalismy
liczbe pacjentow oraz rozktad procentowy. Test Shapiro-Wilka zostal uzyty do oceny
normalnosci. Dla danych z rozktadem normalnym zastosowalismy $rednig arytmetyczng
+ odchylenie standardowe, a dla danych z rozkladem nienormatywnym mediane
i rozstep migdzykwartylowy (ang. interquartil range - IQR). Roznice miedzy grupami
oceniano za pomoca tekstu t-Studenta oraz testu Mann-Whitney’s (w przypadku dwoch
podgrup) lub jednoczynnikowej analizie wariancji (ANOVA) oraz testu Kruskal—-
Wallis (w przypadku wigcej niz dwoch podgrup). Wspotczynnik korelacji Spearmanna
lub Pearsona wykorzystano do analizy powiazan pomi¢dzy badanymi markerami
a pozostatymi zmiennymi. UzyliSmy wielokrotnej regresji liniowej do poszukiwania
niezaleznych predyktorow stgzenia hemoglobiny we krwi, w tym zmiennych
niezaleznych, ktére znaczaco korelowaty z wartosciami hemoglobing w prostej analizie.
Zmienne ,,Right Skewed” zostaty przeksztalcone za pomocg logarytmu normalnego
przed analizg korelacji i regresji liniowej. Do 0szacowania czasu przezycia uzywano
krzywych Kaplan-Meyera. Prosty i wielokrotny model regresji ryzyka Coxa zostat
wykorzystany do zbadania wskaznikow ogolnej $miertelnosci. Wszystkie testy byty

testami dwustronnymi, a wyniki istotne statystycznie okreslano za pomocg p < 0.05.
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Rozdzial 6.
Limitacje badania

Prezentowane badanie posiada limitacje wynikajagce z liczebnosci
I heterogenicznosci populacji badanej - grupa zawiera pacjentow z petlnoobjawowym
szpiczakiem (w réznym stadium ISS), SMM lub MGUS. Chorzy wiaczeni do badania
stosowali takze odmienne rodzaje leczenia (w tym rézne schematy chemioterapii
i autoPBSCT). Zastosowanie analizy statystycznej uwzgledniajgcej roznorodno$é grupy
badanej pozwolito uzyska¢ korelacje badanych markeréw niezalezne od powyzszych
danych. Biorac pod uwagg powyzsze informacje, konieczne jest kontynuowanie badan
prospektywnych nad biomarkerami gospodarki zelazowej, celem precyzyjnej oceny
faktycznej mozliwosci ich zastosowania w ocenie populacji wigkszej pacjentow z MM.
W przysztosci by¢ moze GDF15, hepcydyna 25 oraz sTfR zostang wiaczone do panelu
badan w rutynowej ocenie diagnostycznej i terapeutycznej chorych ze szpiczakiem,
a tym samym przyczynig si¢ do wczesniejszego rozpoznania, leczenia i poprawy jakosci

zycia chorych.
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Abstract: Multiple myeloma (MM) is a malignancy of clonal plasma cells accounting for approximately
10% of haematological malignancies. MM mainly affects older patients, more often males and is
more frequently seen in African Americans. The most frequent manifestations of MM are anaemia,
osteolytic bone lesions, kidney failure and hypercalcemia. The anaemia develops secondary to
suppression of erythropoiesis by cytokine networks, similarly to the mechanism of anaemia of chronic
disease. The concomitant presence of kidney failure, especially chronic kidney disease (CKD) and
MM per se, leading to anaemia of chronic disease (ACD) in combination, provoked us to pose
the question about their reciprocal dependence and relationship with specific biomarkers; namely,
soluble transferrin receptor (sTfR), growth differentiation factor 15 (GDF15), hepcidin 25 and zonulin.
One or more of these are new biomarkers of ferric management may be utilized in the near future as
prognostic predictors for patients with MM and kidney failure.

Keywords: anaemia; growth differentiation factor 15; hepcidin; kidney disease; mieloma multiple;
soluble transferrin receptor; zonulin

1. Introduction

Multiple myeloma (MM) is a malignancy of clonal plasma cells accounting for 10% of
haematological malignancies and 1.8% of all malignancies [1]. Because of complicated pathogenesis and
multiple end-organ effects, patients with MM are treated by specialists from many areas of medicine,
including haematology, nephrology, cardiology and orthopaedics. In Poland, the number of newly
diagnosed patients with MM is approximately 1500-1800 per year [2]. Despite being a disease of an
older population (median age 70 years old), approximately 10% of patients are under 50 years old [3,4].
Interestingly, lately, a slight increase of morbidity in 45-64 year old patients was observed [5]. With the
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development of novel target therapies, the projected median life expectancy of a newly diagnosed MM
patient with standard risk cytogenetic features has improved from 2.5 years to over 10 years [2].

The most frequent manifestations of MM are: anaemia (73%), bone pain and osteolytic bone lesions
(58% and 67%, respectively), kidney failure (48%) and hypercalcemia (28%) (CRAB) [3]. The anaemia
develops secondarily to the suppression of erythropoiesis by cytokine networks, similarly to the
mechanism of anaemia of chronic disease (ACD). In the majority of MM patients, the anaemia is
manifested asa haemoglobin level between 8 and 10 g/dL, while approximately 10% have a value below
8 g/dL [6]. Anaemia has a negative impact on the quality of patients’ lives and is also an independent
predictor of poor survival. Although disease progression exacerbates the extent of the anaemia, the
use of treatment reduces the extent of bone marrow plasmacytosis and allows for improvement of
haematological and renal parameters [3].

Increased use of iron in cancer cells may be responsible for findings of anaemia in the course of
MM, even without coexisting kidney impairment. Iron circulation in the human body is associated
with four cell types: enterocytes involved in iron absorption; erythroblasts—the precursors of red blood
cells (RBCs); splenic macrophages degrading aged RBCs and releasing iron back to the bone marrow
via transferrin; and hepatocytes playing a role in monitoring transferrin saturation, hepatocellular
iron content, regulating iron absorption from the gut and regulating iron release from the spleen [6].
Recent scientific research has shown that disorders of iron metabolism, and consequently, anaemia, may
be associated with a positive regulation of hepcidin 25 expression caused by cytokines [7]. This small
peptide hormone composed of 25 amino acids synthesized in hepatocytes regulates iron absorption from
the gut and iron release from the spleen [8]. Growth differentiation factor 15 (GDF15) is a member of
the transforming growth factor-beta family, aberrantly secreted by bone marrow stromal cells (BMSCs)
in MM and plays a role in regulation of hepcidin expression [9,10]. Soluble transferrin receptor (sTfR)
reflects the functional iron compartment in serum, an increased number of erythropoietic precursor cells
and an increasing iron need for erythropoiesis [11]. Zonulin is a protein, which modulates intercellular
tight junctions related to the intestinal permeability of iron as well as autoimmune, inflammatory
and neoplastic substances also expressed beyond the gastrointestinal tract [12]. Thus GDF15, sTfR,
hepcidin 25 and zonulin may all be involved in iron metabolism, so may form new biomarkers of ferric
management and one or more may ultimately serve as a predictor for MM-associated kidney failure.
If one or more of these molecules are proven to be a predictive biomarker for the development of
acute/chronic kidney disease, this may lead to therapeutic interventions to prevent renal insufficiency.
The pathophysiology of iron metabolism is shown in Figure 1.
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Figure 1. Overview of iron physiology. Non-haem iron (after reduction to Fe?* by membrane-bound
enzymes), originating from dietary intake (mostly Fe>*), enters the enterocyte of the proximal intestine
via the divalent metal transporter (DMT1), and exits the cell on the basolateral side through ferroportin
(FPN), which is potentiated by an oxidase, hephaestein. Depending on the state of iron need, iron can
be released from the cell or sequestered in the form of ferritin (a measure of body iron stores). Iron is
bound by transferrin in plasma, which enables transport and distribution to other body tissues (this
also depends on the presence of transferrin receptors). Hepcidin, which is a peptide hormone produced
by the liver, negatively regulates iron absorption and release from cells (e.g., macrophages) depending
on iron need.

2. Pathogenesis of Anaemia in Multiple Myeloma

Anaemia is among the most frequent end-organ sequelae in MM [3]. It is an early and
multifactorial complication of MM, which has been reported to occur in over two thirds of all
patients [13]. Major pathophysiological mechanisms of MM-related anaemia are the underlying
basis of plasma cell-produced cytokines that mark anaemia of chronic disease (ACD), which inhibit
erythropoiesis and impair iron homeostasis [13]. The anaemia is usually normocytic and normochromic
but can be macrocytic. Serum iron levels are usually normal to mildly low; serum ferritin is hig;h
and hemosiderin is significant in bone marrow macrophages, consistent with patterns similar to
ACD [14]. Relative erythropoietin deficiency, renal impairment and myelosuppressive consequences
of chemotherapy are other factors to account for [13]. Recent studies continue to add to the complexity
of anaemia pathophysiology in MM. Studies have shown that malignant plasma cells exhibited
high up-regulation of apoptogenic receptors, which lead to immature erythroblast apoptosis, which
implies that cytotoxic characteristics of myeloma cells may be crucial in provoking inadequate
erythropoiesis [15]. Outside of the concept of bone marrow “crowding out” by malignant cells, the
tumour microenvironment also seems to functionally impair hematopoietic stem and progenitor
cells, in part through TGF-beta signalling [16]. It seems that assessment of anaemia and devising of a
strategy for its treatment may be more accurately undertaken through a combination of molecular
and biochemical parameters of tumour burden, cytotoxicity and the myeloma-promoting bone
marrow microenvironment.
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The most common causes of MM-related anaemia are: displaced erythroid system by neoplastic
plasmacytes, proinflammatory activity of cytokines, disabled apoptosis of the erythroid system,
inadequate excretion of erythropoietin (EPO) compared to the degree of anaemia, reduction of
erythrocytes” survival time (<10%), inadequacy of ferric management and direct suppression of
erythropoiesis by neoplastic cells [17]. The last four causes are considered to be the main processes
responsible for ACD development. Prospective survey data indicate thatclinically, anaemiais associated
with fatigue, dyspnoea, cardiovascular complications and cognitive dysfunction [18]. In addition,
anaemia may be associated with permanent organ dysfunction or intensifying hypoxia, which may
also lead to changes in neoplastic metabolism. This may subsequently contribute to refractoriness of
chemotherapy and radiotherapy [17,18]. Low initial haemoglobin level (<14.0 g/dL for men; <12.0 g/dL
for women), chemotherapy persistent/recurrent disease and female gender comprise risk factors for
the development of anaemia in MM patients [18]. A diagnostic and clinical scheme of MM-related
anaemia is shown in Figure 2.

Figure 2. Diagnostic and clinical scheme of multiple myeloma anaemia.
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Chemotherapy-responsive patients, with or without exogenous erythropoietin administration,
often see a normalization of their haemoglobin levels with a resultant improvement in quality of life
(QOL), despite the impact of patients” ages and stages of disease. It is important to acknowledge that
the initiation of treatment, particularly with alkylating agents, may transiently lead to an early decrease
of haemoglobin levels, followed by an increase in haemoglobin with disease response, often within
the first month of therapy. This initial haemoglobin reduction is not observed during non-alkylating
treatment [19].

Furthermore, treatment of anaemia in MM patients includes red blood cell (RBC) transfusions,
recombinant human erythropoietin (rHuEPO) therapy and oral or parenteral iron supplementation [13].
RBC transfusions cause an immediate effect and rapid increase in haemoglobin levels. Transfusion may
rarely be associated with several risks factors, including infections, mild to even life-threatening
immunologic reactions, iron overload, and in rare cases, induction of graft-versus-host disease (GVHD).
Transfusions are usually reserved for patients who are severely anaemic and symptomatic (haemoglobin
< 7.0 g/dL) and those patients who fail to respond to chemotherapy and to erythropoietic-stimulating
agents (ESAs) [17]. rHuEPO is an erythropoiesis stimulating agent (ESAs), a biological equivalent to
the human endogenous hormone EPO. The application of rHuEPO leads to an increase of haemoglobin
level over minimal normal concentration without the necessity of RBC transfusions [13]. ESAs are
optimally incorporated with concurrent chemotherapy [13] The treatment should be considered
for haemoglobin level < 10 g/L or clinical anaemia symptoms. ESAs can increase haemoglobin
levels up to 2 g/dL or more in 60-75% of MM patients. Similar guidelines should be followed for
the longer acting darbepoetin [20]. A benefit of improving haemoglobin levels is the subsequent
improvement in overall survival. ESAs are safe and well-tolerated with minimal toxicity risk;
however, pure red cell aplasia is a rare event [21]. According to the solid tumour literature, ESAs
have a negative influence on survival in patients with active forms of solid tumours. Furthermore,
EPO treatment enhances the circulating levels of angiogenic cytokines, contributing to the progression
of neovascularization in tumours, and as a consequence, increased neoplasm growth [22]. Thus,
the risk of higher mortality associated with ESAs is predominantly observed in patients with solid
tumours and is a rare complication in hematologic malignancies. The most serious side effect of this
treatment is a higher risk of thrombo-embolic complications, especially in patients with MM treated
with immunomodulatory agents in combination with corticosteroids (e.g., thalidomide, lenalidomide
and pomalidomide). Hence, it is important to consider anti-thrombotic prophylaxis (low molecular
weight heparin, factor Xa inhibitors or acetylsalicylic acid) therapy in individuals with these two
anti-myeloma agents [17]. For those patients who are iron deficient, appropriate work up for blood
loss should be initiated. Oral iron supplementation, at least 65 mg of elemental iron daily, should
be utilized. If there is no increase in haemoglobin by at least 1 g/dL within 4-6 weeks of oral iron
administration, parenteral iron should be considered. There are various formulations and schedules
for parenteral iron administration. For patients with moderately-severe iron deficiency, concomitant
iron supplementation and ESAs should be utilized.

Moreover, sotatercept and luspatercept are recombinant, soluble activin type-II receptor-IgG-Fc
fusion proteins, which may become of new form of treatment in anaemic patients. The Medalist
Trial Fenaux et al. [23] examined 229 anaemic patients with very low, low, or intermediate-risk
myelodysplastic syndromes (MDS) with ring sideroblasts (RS) who required RBC transfusions and
observed that treatment with luspatercept resulted in a significantly reduced transfusion burden
compared with placebo in patients. Two studies (NCT01146574) and (NCT01999582) have examined
treatment with sotatercept in anaemic patients with end-stage renal disease on haemodialysis; however,
no study results have been posted [24].

Renal failure contributes to anaemia in MM patients. It is well known that serum EPO levels below
the lower limit of normal are more frequent in the population of patients with renal impairment (60%)
than in the population of all patients with MM (25%). However, renal failure does not significantly
affect the response to ESA therapy [21]. Soleymanian et al. [25] showed that 88% of patients with
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MM and renal insufficiency had anaemia, in comparison to only 73% of patients in the whole MM
population [3] (Table 1). Together, these findings illustrate the importance of renal organ function in
the severity of MM complications. Interestingly, Liu et al. described a group of 161 MM patients and
confirmed that severe anaemia is an independent risk factor of renal impairment in this population [26].
Nevertheless, anaemia is not a useful tool in the diagnostic process for MM in patients with chronic
kidney disease (CKD) because of its presence in both clinical scenarios.

Table 1. Anaemia in multiple myeloma (MM) and kidney failure.

Population Patients with MM
and Renal Insufficiency

Anaemia 73% 88%

Serum EPO levels under lower line 25% 60%

Population all Patients with MM

3. Hepcidin 25

Hepcidin is a 25 amino acid, negative, iron-regulating peptide hormone produced in the liver.
It controls iron delivery to the blood from intestinal cells, regulates its transport from iron-storing
hepatocytes, releases it from macrophages and facilitates its transport via the placenta. Production
of hepcidin is stimulated by increased plasma iron, and altered by iron stores and proinflammatory
cytokines; though increased EPO activity, it has a suppressive role [17]. The mechanism of hepcidin
activity depends on binding and inactivating ferroportin (described as the solitary cellular iron
exporter), which inhibits iron delivery to plasma from all iron-transporting cells [27]. This hormone
may play a major role in anaemia associated with chronic disease and inflammation, because of its
unique regulatory role on ferric management [28].

Interleukin-6 (IL-6), is increased in MM patients and is reported as the main cytokine regulating
hepcidin expression [6]. However, high hepcidin expression may not only be due to IL-6 activity,
as other cytokines may also contribute to anaemia in ACD. Ibricevic-Balic et al. [8] reported that
increased serum hepcidin concentration may lead to anaemia in MM. In their study, patients with newly
diagnosed MM (27 patients) and healthy controls (60 people) were examined. Anaemia was observed
in 70% cases of MM patients. However, despite significantly elevated serum hepcidin concentration in
the anaemic MM group, no correlation between hepcidin and IL-6 was found. Similar results were
observed by Sharma et al. [29], who demonstrated a strong association between up-regulated hepcidin
expression and anaemia in advanced stage MM. In their study, the correlation between hepcidin
concentrations and serum IL-6 levels showed borderline significance. Moreover, strong correlation
between urinary hepcidin with serum ferritin and C-reactive protein (CRP) was observed, confirming
hepcidin expression as a part of an acute-phase reaction. They did not observe an association between
other proinflammatory cytokines (i.e., serum tumour necrosis factor-o« (TNF-«) or interleukin-1 3
(IL-1B)) and hepcidin. The lack of consistent associations between 1I-6 (or other cytokines) and hepcidin
indicates that other stimuli of hepcidin regulation (e.g., pathways associated with iron storage) may be
deciding factors. Victor et al. [30] observed a strong negative correlation between serum hepcidin and
inflammatory markers (i.e., IL-6 and CRP) in a group of 21 newly diagnosed MM patients. In contrast,
Han et al. [31,32] demonstrated that serum IL-6 positively correlated with monocyte hepcidin [31].
Moreover, the expression level of monocyte hepcidin mRNA positively correlated with serum ferritin
and IL-6 levels, but was unrelated with TNF-« level [31] in untreated patients. Mei et al. [33] observed
a significant positive correlation between plasma IL-6 level and hepcidin mRNA expression. Together,
those studies illustrate the complex relationship between hepcidin and IL-6 in the development of
anaemia in MM.

According to Maes et al. [14] bone morphogenetic protein 2 (BMP-2) is a major mediator of the
hepcidin stimulatory activity in MM. They reported data on 25 MM patients and found increased BMP-2
levels. It was discussed that IL-6 and BMP may stimulate hepcidin promoter activity in a synergistic
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manner with postulated crosstalk between the two signalling pathways. Hence, the presence of IL-6
and BMP2 together in the serum may act jointly and lead to increased hepcidin expression.

Katodritou et al. [34] observed that effective MM treatment decreased the abnormally high serum
hepcidin levels with subsequent improvement in anaemia. Among 34 anaemic MM patients treated
using immunomodulatory drug-based therapies (thalidomide or lenalidomide combinations with
cyclophosphamide or dexamethasone) or conventional therapy, 80% responded to MM treatment.
In responders, elevated serum hepcidin levels significantly decreased during therapy. Moreover,
hepcidin serum levels predicted the reduction of anaemia in response to therapy around the first month.
A Lower hepcidin level was associated with improvement of anaemia. Similar results were reported by
Mei et al. [33] in 25 MM patients with significantly decreased levels of plasma hepcidin, who achieved
complete remission after six cycles of bortezomib and dexamethasone chemotherapy. It should be
noted that these studies have small sample sizes, which may be considerably affected by individual
disease characteristics and the underlying treatment regimen. However, it can be observed that an
optimal treatment outcome, which likely reflects a reduction in tumour load, leads to improvement,
and potential resolution of anaemia.

Interestingly, Haraguchi et al. [35] showed that MM patients with renal insufficiency had
significantly higher pro-hepcidin (hepcidin prohormone) levels compared to patients with appropriate
renal function or impairment. However, no correlation between pro-hepcidin levels and serum iron,
ferritin or haemoglobin concentrations were observed. Since hepcidin is cleared through the kidney
route, urinary hepcidin levels may not correctly reflect the serum levels in renal disease because
of changes in filtration via glomerular membrane or reabsorption and degradation in the proximal
tubules. However, assessing pro-hormone levels may be limited in the interpretation of the biological
activity of hepcidin. Lukaszyk etal. [36] reported on 69 patients with early stages of CKD, and showed
higher serum hepcidin levels in patients with functional iron deficiency, when comparing to patients
with absolute iron deficiency. They observed that hepcidin was predicted by circulating markers of
inflammation, such as ferritin, fibrinogen and IL-6.

An overview of the characteristics of hepcidin is displayed in Table 2, with a focus on its biomarker
potential, and factors that may influence its adequate assessment. Studies described in this section
point to the difficulties of the adequate interpretation of hepcidin concentrations, which require an
understanding of the clinical scenario (i.e., state of hematologic disease, iron deficiency status and
kidney function) (direction of changes described in Table 3). Interplay between circulating inflammatory
molecules and pathways signalling the status of iron stores may exert stimuli of variable degrees,
to which the response in hepcidin regulation is not fully known. Overall, a response to myeloma
treatment, and reduced tumour burden, seem to be paralleled by an improvement of anaemia, which
could be predicted with hepcidin assessments. However, difficulties in the accurate assessment
of hepcidin require studies with uniform methodology to determine the clinical feasibility of this
macromolecule [28,37].
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Table 2. New biomarkers of processes involved in myeloma-associated complications with a focus on

ferric management and anaemia.

Biomarker Sample

Characteristics

O

O

Hepcidin25 [28,37] serum, urine

@]

O

25 amino acid peptide hormone

sources of hepcidin include hepatocytes (major),
activated neutrophils and macrophages

acts on ferroportin, leading to its degradation, which
may restrict the iron available for erythropoiesis
clearance through cellular degradation and the
kidney route

serum levels correlate well with the urinary form [37]
and with ferritin, which indicates its relationship with
body iron stores

systemic conditions (i.e., myeloma, inflammation and
kidney disease), iron stores, iron intake and diurnal
variability may affect hepcidin levels.

O O

@]

(@]

GDF15 [38-41] serum, urine

O

divergent member of the TGF-beta family

bone marrow stromal cells may be a major source in MM,
while serum concentrations correlate with bone
marrow levels

pro-inflammatory cytokines induce GDF15 expression
in macrophages

in vitro experiments of a hepatocyte system indicate
GDF-15 may reduce mRNA expression of hepcidin, and
thus contribute to anaemia

serum concentrations may be affected by kidney
function, and iron deficiency described as an “early
response molecule to tissue injury” in the setting of
cardiovascular disease, and shown to predict decline in
glomerular filtration

currently investigated in a wide range of diseases
(neoplasms, cardiovascular, renal)

prognostic role in AL amyloidosis recently reported

00O

O O

@]

sTfR [42-44] serum, urine

O

single polypeptide chain

reported to parallel total body mass of cellular TfR
large studies have demonstrated normal distribution,
and no relationship with age, nor gender

changes in iron and immune status may affect sTfR levels
sTfR are associated with the rate of erythropoiesis when
there are adequate iron stores, irrespective of the
effectiveness of the process

in states of iron restriction, sTfR increases; which reflects
ineffective erythropoiesis and up-regulation from the
deficiency of the element. Conversely, in chronic disease
erythropoiesis is not enhanced and sTfR are dependent
on iron supply

serum levels may be useful in differential of true and
functional iron deficiency, assessment in inflammatory
conditions and chronic disease, as well as monitoring of
response to EPO

different assays have various methodology and reference
ranges (although WHO reference reagents have been
developed), which underscores a careful

cross-study comparison
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Table 3. Change in serum levels of hepcidin, GDF15, sTfR and zonulin with respect to renal disease,
anaemia and multiple myeloma.

MM Anaemia CKD
hepcidin 25 H H H
GDF15 H H H
sTfR N/H H H
zonulin unexamined N L

H—High; L—Low; N—Norm.

4. Growth Differentiation Factor 15 (GDF15)

Growth differentiation factor 15 (GDF15) is considered a member of transforming growth factor
beta (TGF-beta) superfamily, though it was also discovered to be highly expressed in erythroblasts,
and therefore may play a major role in regulation of the erythroid lineage [39]. Multiple roles for
inflammatory modulation (i.e., in an inhibitory capacity) and tumorigenesis (both pro- and antitumoral
activity) have been proposed for GDF15, though its biological activity has not been elucidated [39].
GDF-15 has been associated with poor treatment response in MM, though survival analyses did not
show an effect, possibly due to a small sample size of the investigation [45]. The ability GDF15 to
contribute to anaemia’s development may follow from its regulation of hepcidin expression. According
to Tanno et al. [10], BMSCs produce GDF15 after direct contact with plasma cells. Abnormal secretion
of GDF15 is observed from bone marrow stromal cells (BMSCs), and studies have focused on the
unique role of the myeloma microenvironment in promoting clonogenic growth and self-renewal
via GDF15 [10]. It has been noticed that aside from “overcrowding,” there is functional impairment
in hematopoietic stem and progenitor cells of myeloma, which is tied to TGF-f signalling [16].
Preliminary studies have indicated the clinical potential of measuring GDF15 to predict disease
progression and outcomes [10,41], which may also indirectly influence an assessment of anaemia, as
reducing bone marrow infiltration by malignant cells should improve haematopoiesis.

Meietal. [33] showed that the levels of GDF15 were significantly higher in MM patients than among
healthy controls. In addition, MM patients with higher stage disease had substantially higher GDF15
levels. Moreover, the concentrations of GDF15 were significantly decreased in MM patients in complete
remission, which implies the deleterious role of tumour burden in potentiating the development of
end-organ complications. No correlation between the expression of GDF15 mRNA and serum ferritin
level was observed, which may suggest that an interplay occurs downstream. It is valuable to consider
the complementary findings of Tarkun et al. [45], who observed significantly higher levels of GDF15 in
newly diagnosed MM patients (1 = 35), and negative correlations between GDF15 and haemoglobin.
Corre et al. reported similar findings, and the personal research of this author has also indicated that
recombinant GDF15 had a slightly-inhibitory in vitro effect on haematopoiesis [39,41]. These results are
also consistent with those reported by Westhrin et al. [9], who described elevated serum concentrations
of GDF15 in MM patients compared to controls. An increase in serum GDF15 levels by 1 ng/mL was
associated with an increased risk of death of 1.187. Moreover, GDF15 was associated with osteolytic
bone disease, which may suggest that GDF15 is a close surrogate of end-organ effects of MM [9].
Indeed, Windrichova et al. observed that GDF15 may be a new biomarker used in monitoring bone
metastatic disease [46].

Corre et al. [41] reported on 131 MM patients, observing that GDF15 is associated with survival
and may be a potential factor of treatment-refractory MM cells; for example, GDF15-induced resistance

mainly to melphalan and bortezomib in stroma-dependent and stroma-independent MM cells.

There was a lower probability of event-free and overall survival in patients with high levels of

plasma GDF15. This data suggests that GDF15 may function as predictor of patient survival in MM.
Lukaszyk et al. [36] observed that patients with early stages of CKD and functional iron deficiency

had higher GDF15 serum levels in comparison to patients without iron deficiency. Zhao et al. [47]
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examined 24 pre-treatment patients with MM and observed a positive correlation between serum
GDF15 level and serum creatinine. These results are consistent with the findings of Tarkun et al. [45],
who reported a strong association between serum GDF15 level and creatinine. Lukaszyk et al. [48]
examined variations of serum GDF15 level in 87 patients with early stages of chronic kidney disease
(CKD). According to this study, patients > 65 years old and with anaemic status had increased serum
concentrations of GDF15, which in itself correlated with haemoglobin and glomerular filtration.
Moreover, haemoglobin was described as a potential predictor of GDF15.

According to Mei et al. [33], concentrations of serum hepcidin and GDF15 are similar in patients
with MM. This study revealed significantly elevated serum hepcidin and GDF15 levels not only in
MM patients as a whole, but also in subgroups depending on disease stage. Both serum hepcidin and
GDF15 levels were significantly decreased in MM patients after effective treatment. However, direct
association between these two biomarkers was not analysed. These findings lead us to propose that
both GDF15 and hepcidin have to be considered with the primary disease in mind; our understanding
extrapolated from other diseases, even anaemia of chronic disease, may lack consideration of stimuli
originating from a malignant plasma clone.

5. Soluble Transferrin Receptor (sTfR)

Iron, despite being an essential element for life, can be also toxic by its influence on oxygen
radical production. The body’s protective mechanism to prevent iron-associated toxicity is found in
transferrin, an iron transport protein in blood, and transferrin receptor (TfR) binding to iron-loaded
transferrin and internalizing it by endocytosis. Of two TfR types, TfR1 is more important in anaemia
associated with MM. TfR1 has higher affinity for transferrin and is overexpressed on cells with a
high rate of proliferation, including malignant hematopoietic neoplasms; conversely, TfR2 is notably
restricted to hepatocytes [6]. Nevertheless, Takubo et al. [49] reported that in a study of 82 patients with
hematologic malignancies, significantly higher serum sTfR levels were not observed in MM, in contrast
to other examined diseases, such as acute non-lymphocytic leukaemia, chronic myeloproliferative
disorders, myelodysplastic syndrome and lymphomas.

In theory, sTfR measurement may be the most important biomarker to explain the etiology of
anaemia in MM compared to more established biomarkers, such as serum ferritin, transferrin saturation,
ferritin index (sTfR/log transferrin saturation), hypochromic reticulocytes and C-reactive protein (CRP).
Using sTfR alone in the differential diagnosis of anaemia and the prediction of treatment response is of
low predictive value. Using the sTfR/log value in ferritin index may help differentiate functional iron
deficiency and ACD [50]. Itis accepted that serum ferritin represents the iron storage compartment, and
sTfR, the functional iron compartment. Katodritou et al. [11] reinforce this hypothesis in their study of
26 patients with newly diagnosed and anaemic MM patients (haemoglobin < 10.5g/dL): the combination
of the ferritinindex and hypochromic erythrocytes was predictive. This index may delineate the patients
who will benefit from recombinant human EPO and identify functional iron deficiency requiring iron
supplementation during diagnosis and early treatment stages. Lukaszyk et al. [36] proved elevated
sTfR serum levels in patients with functional iron deficiency. In that group, sTfR did not correlate
with any of the inflammatory parameters. On the other hand, a strong correlation with renal function
parameters in absolute iron deficiency was observed. Yin etal. [51] showed that sTfR serum levels can
be used as a marker of erythropoiesis in CKD patients treated by high-flux haemodialysis.

Kostova et al. [52] examined 42 patients with MM and observed an inverse correlation between
EPO and haemoglobin in patients with MM and preserved renal function, in contrast to those with
renal insufficiency. Interestingly, 43% of patients without renal insufficiency (RI) and 85% of patients
with renal insufficiency had inadequate EPO responses to anaemia. Inadequate sTfR response to
anaemia was found in 76% of all patients. In both groups with and without renal insufficiency, a
positive correlation between haemoglobin and sTfR was demonstrated. Alam et al. [53] reported on
140 patients with CKD and 44 healthy controls showing increased sTfR serum levels in line with CKD

35



J. Clin. Med. 2019, 8, 1828 110f 15

stages. Similarly, ferritin and sTfR to ferritin ratio was decreased in advanced stages. This supports the
concept that joint assessment of ferritin and sTfR is a valuable index of renal function in CKD.

6. Zonulin

Zonulin is a eukaryotic equivalent of the Vibrio cholerae zonula occludens toxin, which may
reversibly regulate the intestinal permeability through altering intercellular tight junctions” function.
Proteomic studies in human sera have shown that zonulin matches to the precursor of haptoglobin-2,
while its ability to alter intestinal permeability seems to occur through transactivation of the epidermal
growth factor receptor (EGFR) by its single-chain form [54]. The bodily function of haptoglobin is still
not fully elucidated, though it seems to play a role in preventing oxidative injury by binding with
haemoglobin [55]. Zonulin, in its cleaved, double-chain form has been characterized as a haemoglobin
scavenger [54]. Studies report widespread expression of zonulin in the gastroesophageal mucosa [56].
Zonulin has also been implicated in diseases associated with altered intestinal barrier function, where
it may play a role in tolerance and the immune response to antigens [57]. In the study of Kume et al.,
80 obese children showed elevated serum zonulin levels [58]. A negative correlation of zonulin with
HDL-C, and a positive one with leptin levels, were observed, even after adjustments for age and body
mass index. Moreover, Ohlsson et al. studied a population of 363 subjects, demonstrating higher
zonulin to be associated with higher waist circumference, diastolic blood pressure, fasting glucose and
elevated risk of metabolic disorders [59]. In addition, serum concentrations of zonulin have been tied to
inflammatory indices (tumour necrosis factor alpha and interleukin 6) and age, being reportedly higher
in older (=270 years old) subjects [60]. Data on the dietary impacts on zonulin levels are inconclusive, to
date [59].

Dschietzig et al. observed an association between serum zonulin levels and kidney failure [61].
In their study on 225 patients carrying automatic implantable cardioverters/defibrillators (AICD) for
primary or secondary prevention, an inverse association was demonstrated between zonulin and serum
creatinine levels. In the same study, examining a group of patients with diastolic or systolic chronic
heart failure, no association was observed between zonulin levels and chronic heart failure severity [61].
Malyszko et al. aimed to establish the relationship between zonulin, iron status and anaemia in a study
of kidney allograft recipients and healthy controls, observing that zonulin was substantially lower
in the former group; was correlated with erythrocyte counts, haemoglobin and the haematocrit; but
was not with iron parameters [55]. The authors discussed the potential significance of zonulin as a
marker of impaired defensive mechanism, potentially tied to systemic inflammation, or an altered
response to immune-suppressing therapy. Studies in early stages of CKD, which is often described
as a state of subclinical inflammation, showed no correlations between zonulin and kidney function,
though associations with interleukin-6 and hemojuvelin, a protein involved in hepcidin regulation
and iron overload, were observed. However, subsequent studies showed that zonulin is not related to
anaemic or inflammatory status in CKD, also underscoring the variability of serum zonulin under
immune responses, which limits the clinical feasibility of singular blood-drawing assays [62]. To the
best of our knowledge, no study on zonulin levels has been conducted in MM, while the physiological
importance of this molecule still remains to be elucidated.

7. Conclusions

New biomarkers of ferric management, namely, soluble transferrin receptor (sTfR), growth
differentiation factor 15 (GDF15) and hepcidin 25, may correlate with characteristics in the etiology and
management of MM-associated anaemia. We anticipate that new biomarkers will be incorporated into
routine diagnostic and prognostic evaluations and may lead to the development of biomarker-targeted
therapeutic interventions. Early intervention may result in improved disease management and an
increase quality of life.
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Growth differentiation factor 15 (GDF-15), a member of the transforming growth factor-f superfamily, participates in processes
associated with myeloma development and its end-organ complications. It plays a significant role in both physiological and
abnormal erythropoiesis and regulates iron homeostasis through modulation of hepcidin. It is abnormally secreted in marrow
stromal cells of patients with multiple myeloma (MM), which may reflect the tumor microenvironment. We analyzed the
associations of serum GDF-15 with clinical characteristics of 73 MM patients (including asymptomatic MM) and the laboratory
indices of renal function, anemia, and inflammation. Baseline serum GDF-15 was studied as the predictor of two-year survival.
We defined five clinically relevant subgroups of patients (symptomatic MM only, patients with and without remission, patients
on chemotherapy, and without treatment). Increased GDF-15 concentrations were associated with more advanced MM stage,
anemia, renal impairment (lower glomerular filtration and higher markers of tubular injury), and inflammation. Most of the
results were confirmed in the subgroup analysis. Serum cystatin C and urine neutrophil gelatinase-associated lipocalin were
associated with GDF-15 independently of other variables. In the studied MM patients, GDF-15 did not significantly predict
survival (p=0.06). Our results suggest that serum GDF-15 reflects myeloma burden and shares a relationship with several
markers of prognostic significance, as well as major manifestations.

1. Introduction

Multiple myeloma (MM) is a common malignant condition
resulting from a clonal proliferation of plasma cells in the
bone marrow, which manifests itself with organ involvement,
such as bone disease, anemia, and renal failure [1]. Unfortu-

nately, despite several therapeutic advances introduced in
recent years, MM remains an incurable condition for the
majority of patients ([2, 3]; T. [4]). The disease microenvi-
ronment (ME) has become a focus of research, in which cel-
lular interactions, growth factors, and cytokines have
emerged as targets of interest [1]. Growth differentiation
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factor 15 (GDF-15; also known as macrophage inhibitory
cytokine 1) has been recognized among the top interest can-
cer biomarkers [5]. The potential utility of GDF-15 in malig-
nant neoplastic disease can be drawn from its unique
characteristics of being a downstream target of tumor sup-
pressor p53, with its only physiological presence at high
levels in the placenta [6]. However, GDF-15 is also consid-
ered a divergent member of the transforming growth factor
B (TGEFp) family, which is induced in response to factors
instigating cellular stress (e.g., hypoxia, tissue injury, and
inflammation). These characteristics of GDF-15 suggest its
increased concentration may be considered as an integrative,
general marker for disease severity and mortality [6, 7].

Studies have attempted to elucidate the complex land-
scape of the myeloma ME. Schneiderova et al. [8] utilized
an array of 92 cancer biomarkers among patients with overt
myeloma and its premalignant stage, as well as an assessment
following autologous stem cell transplant (auto-SCT). Pro-
survival and chemoprotective factors were identified using
highly sensitive immunoassays, among which GDF-15 was
a prominent molecule, significantly enhanced in MM when
comparing to monoclonal gammopathy of undetermined
significance (MGUS). Westhrin et al. studied the potential
of GDF-15, through its involvement with osteoclast differen-
tiation, as a serum marker for bone lesions in MM [9]. Sub-
sequent studies by Windrichova et al. utilized multiplex
analytic technology to identify novel biomarkers for metasta-
tic bone lesions, discerning GDF-15 as the most prominent
biomarker [10]. It has been argued that improved under-
standing of the relationships between neoplastic plasmocytes
and cells and factors constituting a disease-defining ME
(interactions between the bone marrow and neoplastic cells,
secretion of cytokines, survival, and growth factors) may elu-
cidate myeloma pathophysiology, including mechanisms
responsible for treatment failure [8].

Corre et al. (J. [11]) reported that among several estab-
lished prognostic factors (including staging according to the
International Staging System—ISS), in multivariate analysis,
GDEF-15 remained the only significant predictor of event-
free survival, while in vitro experiments showed pretreatment
with GDEF-15 leads to improved survival of both stroma-
dependent and independent MM cells when exposed to sta-
ple drugs in the MM treatment armamentarium (i.e., mel-
phalan, bortezomib, lenalidomide). Furthermore, Mei et al.
previously reported that both plasma GDF-15 concentrations
and mRNA expression in peripheral blood mononuclear cells
(PBMCs) were enhanced in ISS-IIT when comparing with
stages I-II [12]. Taken together, the data presented in the lit-
erature support the relationship of GDF-15 with myeloma
burden and disease progression.

Considering the attention that GDF-15 has received as a
potential prognostic biomarker in neoplastic disease, we
examined the serum concentrations of GDF-15 in an ambu-
latory population within the continuum of MM, ranging
from asymptomatic up to overt MM (staged according to
ISS). Our aim was to assess the relationships between the
serum concentrations of GDF-15 and the disease characteris-
tics defining the clinically relevant subgroups of patients.
Moreover, we studied the correlations between GDF-15 and
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the acclaimed and emerging biomarkers of important clinical
manifestations of MM, ie., anemia and renal impairment.
Finally, we searched for the association between serum
GDF-15 and mortality in a heterogenous group of MM
patients.

2. Materials and Methods

2.1. Study Design and Patients. Patients were recruited using
convenience sampling during ambulatory control visits at the
Departments of Hematology and Nephrology of the Univer-
sity Hospital in Krakéw, Poland, between August 2016 and
October 2017. The inclusion criteria were (1) age> 18 years
and (2) a diagnosis of SMM or MM according to the Interna-
tional Myeloma Working Group. Patients were excluded if
any of the following were present: recent active infection; a
history of hepatitis B, C, HIV; and neoplasms other than
myeloma. Twenty-one healthy volunteers among physicians
and medical staff (11 women, 10 men) aged between 24 and
69 years were recruited into the control sample. Physicians
collected detailed history from all patients, which was supple-
mented by data from the available medical records. The data
collected at the initial study visit included the age and sex, the
date of initial diagnosis of SMM or MM, the current diagno-
sis, the results of bone imaging, and the information about
past and present treatment including the response to treat-
ment (CR, PR, SD, PD). In November 2018, the follow-up
data were collected on mortality.

The study was conducted according to the principles of
the Declaration of Helsinki and in compliance with the Inter-
national Conference on Harmonization/Good Clinical Prac-
tice regulations. The study was approved by the Bioethics
Committee of the Jagiellonian University, and all patients
signed an informed consent for participation in the study.

2.2. Blood Samples and Laboratory Tests. Blood samples were
obtained from patients at study inclusion. The blood samples
of both patients and control subjects were collected in the
morning following overnight fasting and rest. Routine labo-
ratory tests were performed on the day of blood collection
and included complete blood counts, serum concentrations
of creatinine, iron, total protein, albumin, 2-microglobulin,
free light chains, serum activity of lactate dehydrogenase, and
urine concentrations of light chains.

In all patients, the aliquots of serum samples and urine
samples were frozen and used for nonroutine laboratory
tests, including the serum concentrations of GDF-15, IL-6,
cystatin C, hepcidin, and N-terminal prohormone of brain
natriuretic peptide and urine concentrations of NGAL
monomer and cystatin C.

The Sysmex XE 2100 analyser (Sysmex, Kobe, Japan) was
used for complete blood counts. The routine biochemical
tests were carried out using automatic biochemical analysers:
Hitachi 917 (Hitachi, Japan) and Modular P (Roche Diagnos-
tics, Mannheim, Germany). The eGFR was calculated based
on serum creatinine using the Modification of Diet in Renal
Disease (MDRD) formula: eGFR =
(186 x serum creatinine (umol/l) x 0.0113) " x age 0203
% 114 (x 0.742 forwomen). The concentration of serum
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FLC, urine LC (x and A type), and B2-microglobulin were
measured by the immunonephelometric method on a BN II
analyser (Siemens GmbH, Germany). The determination of
free light chains (FLC K, FLC A) was performed using Free-
lite reagents (Binding Site, Birmingham, UK) with reference
ranges of 1.7-3.7 g/l and 0.9-2.1 g/l, respectively. The immu-
nophenotype of monoclonal protein was determined by
serum immunofixation (IFE) on agarose gel (EasyFix G26,
Interlab, Italy).

The nonroutine laboratory tests were performed in series,
using commercially available immunoenzymatic test kits.
Serum IL-6 was measured using the Quantikine ELISA
Human IL-6 Immunoassay (R&D Systems, Inc., Minneapo-
lis, USA), with the minimum detectable dose of 0.70 pg/ml
and the intra- and interassay precision of 2.0% and 3.8%,
respectively. The reference range for IL-6 was 3.13-
12.5 pg/ml. Serum GDF-15 was measured using the Quanti-
kine ELISA Human GDF-15 Immunoassay (R&D Systems,
Inc., Minneapolis, USA), with the minimum detectable dose
ranging from 0.0 to 4.4 pg/ml and the intra- and interassay
precision of 2.8% and 5.6%, respectively. The reference range
for GDF-15 was 337-1060 pg/ml. Serum hepcidin 25 levels
were measured using the Hepcidin 25 human Cet. No. S-
1337 kit (Peninsula Laboratories International, Inc., San Car-
los, USA). The reference range for hepcidin 25 is 0.02-
25pg/ml. Urine NGAL monomer was assessed using the
Human NGAL monomer-specific ELISA kit (BioPorto Diag-
nostics A/S, Hellerup, Denmark), with the minimum detect-
able dose of 10pg/ml. The detection range for NGAL 10-
1000 pg/ml. NT-pBNP concentrations in serum were mea-
sured by the Enzyme-linked Immunosorbent Assay Kit For
NT-ProBNP Human (Cloud-Clone Corporation, Huston,
USA), with the minimum detectable dose of 11.7 pg/ml, the
quantification range of 30.9-2.500 pg/ml, and the intra- and
interassay precision of 10% and 12%, respectively. Cystatin
C concentrations in urine and serum were measured using
Human Cystatin C ELISA (BioVendor Research and Diag-
nostic Products, Brno, Czech Republic), with the detection
range of 0.25-25ng/ml and the intra- and interassay preci-
sion of 3.5% and 10.4%, respectively.

This study was conducted with the use of the equipment
purchased by the Medical University of Bialystok as part of
the RPOWP 2007-2013 funding, Priority I, Axis 1.1, contract
No. UDA-RPPD.01.01.00-20-001/15-00 dated 26.06.2015.

2.3. Statistical Analysis. The number of patients and the per-
centage of the studied group were reported for categories.
Mean + standard deviation was reported for normally dis-
tributed and median (lower-upper quartile) for nonnormally
distributed quantitative variables. Shapiro-Wilk’s test was
used to assess normality. The GDF-15 concentrations (a non-
normally distributed variable) were compared between sub-
groups using Mann-Whitney’s test (two subgroups) or
Kruskal-Wallis ANOVA (more than two subgroups). The
boxplots illustrating the differences between subgroups show
the median (central line), interquartile range (box), nonout-
lier range (whiskers), and outliers (points) in each subgroup.
The Spearman rank correlation coefficient was used to assess
simple correlations of GDF-15. Right-skewed variables were

transformed using normal logarithm (In) to increase the
readability of the scatterplots illustrating the simple correla-
tions. Also, In-transformed right-skewed variables were used
to calculate linear regression models presented in Table 1.
Simple and multiple Cox proportional hazard regression
was used to study the predictors of overall mortality. In gen-
eral, the regression models (linear and Cox) were constructed
using predictor variables that were significantly associated
with the outcome variable in the simple analysis. In case of
multiple intercorrelated predictor variables (linear regres-
sion), we chose the ones that were most strongly correlated
with the dependent variable. The statistical tests were two-
tailed, and p < 0.05 indicated statistical significance. Statistica
12.0 (StatSoft, Tulsa, USA) was used for computations.

3. Results

3.1. Demographic and Clinical Characteristics of the Studied
Patients with Multiple Myeloma. The prospective study
recruited patients diagnosed with MM, assessed during their
control ambulatory visits between August 2016 and October
2017. Seventy-three patients with MM (35 women, 38 men)
aged between 29 and 90 years were enrolled in the study
(Table 2). Smoldering myeloma (SMM) was diagnosed in
six patients and MM in 67 patients. Most patients were in
stage I according to the International Staging System (ISS)
(Table 2) [13]. Except for 8 patients (including the subjects
diagnosed with SMM), all patients underwent at least one
line of treatment, and over one-third underwent autologous
bone marrow transplantation before entering the study. At
the start of the study, roughly 70% of patients were in com-
plete or partial remission (Table 2).

Bone lesions were observed in 60% of patients (Table 2).
Six patients experienced acute kidney injury prior to enroll-
ment, and the estimated glomerular filtration rate (eGFR)
below 60 ml/min/1.73 m* was observed in 26 patients (36%)
at recruitment (Table 3). Nearly one-fifth of the patients
had low hemoglobin concentrations at the start of the study
(Table 3).

3.2. Circulating GDF-15 Is Elevated in Multiple Myeloma and
Associated with ISS Stage. Twenty-one healthy volunteers
matched with the patients according to sex (8 women, 13
men; p = 0.3 versus studied group) and age range (39 to 66
years) were recruited to provide blood samples in order to
obtain reference values for nonroutine biomarker assays.
Aside from GDF-15 and IL-6, the remaining markers
(Table 4) were not significantly altered in MM patients when
compared to healthy reference subjects. Although the mean
age of controls (51 + 9years) was lower compared to the
studied group (p<0.001); the differences in GDF-15
(p=0.018) and interleukin 6 (p=0.049) concentrations
between MM patients and controls were independent of age.

The serum concentrations of GDF-15 were positively
correlated with the ISS stage (R=0.65; p<0.001) and dif-
fered significantly between patients across stages of MM
(Figure 1(a)). In post hoc comparisons, patients with ISS
stage II or III differed significantly from those with smolder-
ing myeloma or stage I MM, and only patients with
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TasLE 1: Multiple regression models showing the independent predictors of serum GDEF-15 among the studied patients with MM. The right-
skewed variables (including GDF-15) were In-transformed before analysis.

Model 1 Model 2
Independent
variable Standardized regression coefficient + standard error v £ue Standardized regression coefficient + standard error vall,ue
SMM -0.06+0.09 0.5 Not included
ISS 11 0.42+0.10 <0.001 0.13+£0.09 0.1
ISS III 0.55+0.09 <0.001 0.13 £0.09 0.2
SD/PD -0.06+0.10 0.5 Not included
On CTx 0.25:+0.10 0.012 0.13£0.07 0.07
treatment
Hemoglobin Not included -0.11 £0.08 0.2
161; (interleukin Not included 0.14 +0.08 0.08
In (cystatin C) Not included - 0.43+0.11 <0.001
In (uNGAL) Not included - 0.25 +0.08 0.002
Whole model Adjusted R* = 0.44 <0.001 Adjusted R? = 0.70 <0.001

CTx: chemotherapy; ISS: International Staging System for multiple myeloma; PD: progressive disease; SD: stable disease; SMM: smoldering myeloma; uNGAL:

urine neutrophil gelatinase-associated lipocalin.

smoldering MM did not differ significantly from controls.
Patients with complete remission (CR) had lower GDF-15
concentrations than the rest of the group: the median (lower;
upper quartile) of GDF-15 was 1029 (758; 1402) pg/mlin CR
versus 1390 (925; 2466) pg/ml in the remaining patients
(p=0.013). However, there were no significant differences
regarding the GDF-15 concentrations between MM patients
with partial remission (PR), stable disease (SD), or progres-
sive disease (PD): 1545 (1014; 2216) pg/ml in PR; 910 (653;
3018) pg/ml in SD, and 1681 (1168; 2921) in PD (p =0.7).
No statistically significant correlations were observed
between circulating GDF-15 and age (R=0.22; p=0.065)
as well as time from MM diagnosis (R=-0.16; p=0.2).
The patients who received maintenance chemotherapy treat-
ment at the start of the study had higher circulating GDF-15
levels compared to those without treatment (Figure 1(b));
however, complete remission was more common in
untreated patients (44% versus 10% among those receiving
treatment; p = 0.002). The details regarding treatment regi-
mens (Table S1) and GDF-15 concentrations according to
drugs used (Figure S1) are shown in Supplementary File.

In MM patients, serum GDF-15 positively correlated
with the concentrations of involved (i.e., x in patients with
monoclonal protein including x-type light chains and A in
patients with A-type monoclonal protein) free light chains
in serum (R = 0.33; p = 0.004; Figure 2(a)) and involved light
chains in urine (R =0.35; p=0.002) as well as with total (x
plus A) serum free light chains (R = 0.35; p = 0.002) and urine
light chains (R=0.37; p=0.001). Moreover, GDF-15 con-
centrations were highly positively correlated with $2-micro-
globulin (R=0.67; p<0.001; Figure 2(b)) and negatively
with serum albumin (R =-0.52; p <0.001). We defined five
subgroups of patients according to important clinical fea-
tures as recorded at the start of the study: (1) patients with
symptomatic MM (ie., after excluding those with SMM)
(n =67), (2) patients in remission (CR/PR) (n=52) and (3)

those without remission (SD/PD) (n =21), and (4) patients
receiving maintenance treatment (n = 30) and (5) not receiv-
ing chemotherapy (1 =43). In all subgroups, we confirmed
positive correlations between GDF-15 and 32-microglobulin,
and negative correlations between GDF-15 and albumin.
Free light chains in serum and light chains in urine correlated
with GDF-15 in patients with symptomatic MM, in remis-
sion, and those not receiving chemotherapy (Table S2,
Supplementary File).

3.3. Circulating GDF-15 Is Associated with Anemia in
Multiple Myeloma. Serum GDEF-15 concentrations were sig-
nificantly higher in the studied patients with anemia and
inversely correlated with blood hemoglobin and serum iron
(Figures 3(a), 3(b), and 3(d)). The association between
GDEF-15 and blood hemoglobin was significant in all studied
subgroups. Moreover, the association between GDF-15 and
iron was confirmed in subgroup analyses: after excluding
patients with SMM, in patients on chemotherapy and in
patients with complete or partial remission. In the study
group overall, a weak positive correlation was found between
GDF-15 and serum hepcidin-25 (Figure 3(c)). In MM
patients without remission (SD/PD), this association was
much stronger (R=0.56; p=0.008), while in other sub-
groups, it was nonsignificant.

3.4. Circulating GDF-15 Is Associated with Renal Function in
Multiple Myeloma. Higher GDF-15 concentrations were
observed in patients with eGFR < 60 ml/min/1.73m? as com-
pared to patients with better kidney function (p < 0.001;
Figure 4(a)). Highly significant positive correlations were
observed between serum GDF-15 and markers of glomerular
filtration: serum creatinine (R=0.57; p <0.001) and serum
cystatin C (R=0.70; p <0.001; Figure 4(b)). Consequently,
negative correlations were observed between GDF-15 and
eGFR values based on these markers (R =-0.54, p < 0.001;
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TasLE 2: Demographic and clinical characteristics of patients at baseline.

Characteristic

MM patients (n =73)

Mean age + standard deviation, years

Male sex, n (%)

Median time since diagnosis of MM (lower; upper quartile), months

Smoldering myeloma, n (%)

ISS stage I, n (%)
ISS stage II, n (%)
ISS stage II1, n (%)

Immunophenotype

IgG, n (%)

IgA, n (%)

IgM, 1 (%)

Biclonal, 1 (%)

Free light chains only, n (%)
Nonsecretory, 1 (%)

Disease state on the day of study visit

CR, 1 (%)
PR, n (%)
SD, n (%)

PD, n (%)

Chemotherapy on the day of study visit
On (maintenance) treatment, n (%)
No treatment, 1 (%)

Number of prior treatment schemes
No treatment, #n (%)

1, n (%)
2,n (%)
3 and more, 1 (%)

History of auto-PBSCT, n (%)

Bone lesions, 1 (%)

History of acute kidney injury, (%)

69+ 10
38 (52)
36 (17; 69)
6(8)
40 (55)
15 (21)
12 (16)

52 (71)
17 (23)
1(1)
2(3)
1(1)
3(4)

22 (30)
30 (41)
6(8)
15 (21)

30 (41)
43 (59)

8 (11)
17 (23)
22 (30)
26 (36)
28 (38)
44 (60)
6 (8)

CR: complete remission; Ig: immunoglobulin; ISS: International Staging System for multiple myeloma; MM: multiple myeloma; n: number of patients; PBSCT:
peripheral blood stem cell transplant; PD: progressive disease; PR: partial remission; SD: stable disease.

and R=-0.67, p<0.001, respectively). These associations
were confirmed in all studied subgroups of patients (after
exclusion of SMM, with and without remission, on chemo-
therapy, and without chemotherapy). Moreover, in the study
group overall, GDF-15 concentrations positively correlated
with the studied markers of tubular injury: urine NGAL
monomer (Figure 4(c)) and urine cystatin C (R=0.24; p=
0.040), although the latter correlation was weak. Of note, uri-
nary NGAL (R = —0.31; p = 0.008) but not urinary cystatin C
was significantly correlated with eGFR. The association
between GDEF-15 and urine NGAL was significant in every
subgroup, while the correlation between GDF-15 and urine
cystatin C was only significant in patients without remission
(SD/PD) (R=0.51; p=0.016).

3.5. Other Variables Significantly Associated with Circulating
GDEF-15 in MM and Multiple Regression. In the studied
group, weak positive correlations were observed between

the marker of systemic inflammation, interleukin 6 (IL-6),
and GDF-15 (R=0.31; p =0.007). Interestingly, the total
white blood cell counts and GDF-15 (R =0.27; p =0.022)
were significantly correlated. Both correlations were also sig-
nificant after excluding subjects with SMM; moreover, GDF-
15 was significantly correlated with IL-6 in subjects without
remission and those not on chemotherapy.

Circulating GDF-15 was weakly positively correlated
with serum NT-proBNP (R =0.28; p=0.016) in the whole
studied group and after the exclusion of SMM patients.

Using the data of all the studied patients, we performed
multiple regression analysis in order to assess which variables
are associated with GDF-15 concentrations independently of
each other (Table 1). Firstly, among the clinical characteris-
tics describing MM state which were associated with GDF-
15 in simple analysis, the ISS stage together with chemother-
apy treatment status was identified as independent predictors
of GDF-15 (Table 1, model 1). Secondly, laboratory data were
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TaBLE 3: Laboratory data of patients at baseline.

Characteristic

MM patients (n =73)

Serum creatinine, gmol/l
eGFR (MDRD), ml/min/1.73m’

>60 ml/min/1.73m> 1 (%)

30-60 ml/min/1.73m?, n (%)

<30 ml/min/1.73m? n (%)
Hemoglobin, g/dl
Anemia (hemoglobin below lower reference limit), # (%)
Serum iron, gmol/l
Serum lactate dehydrogenase, U/l
Lactate dehydrogenase above higher reference limit, n (%)
Serum f2-microglobulin, mg/l
Serum albumin, g/l
Serum-free light chains

, mg/l

A, mg/l
Involved serum-free light chains, mg/l
Urine light chains

&, mg/l

A, mg/l
Involved urine light chains, mg/l
NT-proBNP, pg/ml

89 (76; 104)
65.4 (49.6; 73.4)
47 (64)

17 (23)

9 (12)
125418
14 (19)
153+4.9
360 + 74
5(7)

2.75 (2.17; 4.20)
417445

20.1 (13.05 52.8)
19.1 (13.5; 34.3)
38.3 (17.4; 106.0)

ND (ND; 30.6)

ND (ND; 7.6)

7.8 (ND; 39.0)
74.8 (31.6; 287.2)

Data are shown as median (lower; upper quartile) or mean + standard deviation unless otherwise specified. eGFR: estimated glomerular filtration rate; MDRD:
Modification of Diet in Renal Disease; MM: multiple myeloma; ND: nondetectable: NT-proBNP: N-terminal pro-B-type natriuretic peptide.

TABLE 4: Laboratory results in MM patients as compared to control subjects.

Test MM patients (n =73) Controls (n=21) p value
GDEF-15, pg/ml 1259 (863; 1934) 584 (516; 762) <0.001
Interleukin 6, pg/ml 2.97 (1.61; 6.00) 0.58 (0.19; 1.13) <0.001
Hepcidin 25, ng/ml 28.8 (16.5; 44.6) 27.1 (20.0; 37.3) 0.9
Serum cystatin C, ng/ml 866 (689; 1287) 963 (874; 1038) 0.5
Urine cystatin C, ng/ml 56.0 (16.3; 105.5) 46.7 (26.5; 64.3) 0.5
Urine NGAL monomer, ng/ml 129 (5.7; 29.1) 8.7 (4.8; 11.0) 0.08

Data are shown as median (lower; upper quartile). GDF-15: growth differentiation factor 15; MM: multiple myeloma; NGAL: neutrophil gelatinase-associated

lipocalin.

added to these predictors, and the markers of kidney func-
tion, i.e., serum cystatin C and urine NGAL monomer, were
identified as significant predictors of serum GDF-15, inde-
pendent of ISS, treatment status, hemoglobin, and interleu-
kin 6 (Table 1, model 2).

3.6. Association of GDF-15 with Mortality. In November
2018, the follow-up data on all-cause mortality were col-
lected. The median (lower; upper quartile) observation time
in the studied group was 20 (16; 23) months, range from 1
to 25 months. During the observation period, 15 (21%)
patients died. Two-year survival (calculated from recruit-
ment into the study until death or the end of follow-up)
was 79%. ISS stage (II or III versus I) and positive chemother-
apy status on recruitment were identified as significant pre-

dictors of worse survival. GDF-15 (In-transformed) was not
significantly associated with overall survival, neither in sim-
ple analysis nor after adjustment for these predictors; how-
ever, the association was close to being statistically
significant (Table 5). Notably, the direction of this associa-
tion changed from negative in the simple analysis (HR higher
than 1) to positive (HR below 1) after adjustment for the
powerful predictors of survival, i.e., ISS and treatment status.

4. Discussion

Renal failure, which is present in approximately 30% of
newly diagnosed MM (NDMM) patients, is a major cause
of early mortality, and an independent poor prognostic factor
of survival. However, renal impairment (RI) is potentially
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FIGURE 1: Serum GDF-15 concentrations according to incremental MM disease stages with reference controls (a) and among patients
receiving no chemotherapy (CTx) treatment versus those on chemotherapy at baseline (b). Data are shown as median (horizontal line),
interquartile range (box), nonoutlier range (whiskers), and outliers (points); p value is shown for overall comparison between groups. The
numbers of patients in each group are reported in Table 2. SMM: smoldering myeloma; ISS: International Staging System for multiple

myeloma.
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Fiure 2: Correlations between serum GDF-15 concentrations and involved serum free light chains (FLC) (a) and 2-microglobulin (b) in
studied patients. Light circles represent patients with complete or partial remission (CR/PR), and dark circles represent patients without
remission (stable disease or progressive disease, SD/PD). The right-skewed variables were transformed using the natural logarithm (In) to
enhance readability. The Spearman rank-order correlation coefficients (R) in the whole studied group and the subgroups are shown with

associated p values.

reversible in up to 50% of patients, which may improve long-
term outcomes [14-16]. In the present study, circulating
GDF-15 was highly correlated with markers of glomerular fil-
tration (serum creatinine and cystatin C) as well as markers
of tubular injury (urinary NGAL and cystatin C). Our salient
finding is that serum cystatin C and urinary NGAL were the
strongest and independent predictors of serum GDF-15. This
could indicate a close link between the mechanisms underly-
ing MM progression and renal complications.

Renal injury occurs from a variety of pathological mech-
anisms associated with the solubility and nephrotoxic profile
of the circulating immunoglobulins and paraproteins, which
may precipitate and form casts in distal tubules or induce a
proinflammatory and profibrotic milieu when excess light
chain endocytosis occurs [17, 18]. Lipocalin 2 (NGAL), an
acute-phase molecule with iron-chelating features, character-
ized with sensitivity to early kidney damage (particularly of

tubular origin), and cystatin C, a freely filtered, proximally
absorbed, and catabolized, nonsecreted protein, have both
been identified as novel markers of RI in MM [19]. Potential
utility in very early detection of RI may translate into prompt
treatment and renal outcome improvement, though this has
not yet been well studied [20-22]. It is noteworthy to con-
sider the “Forest Fire Theory” of Mori and Nakano, which
proposes NGAL as a marker indicative of real-time kidney
damage, derived from continuous production by inflamed
tubular cells, rather than as a consequence of nephron loss
(which would be more accurately reflected in cystatin C con-
centrations) [23]. Moreover, plasma and urinary sources of
NGAL may differ; injury in distal nephron segments leads
to secretion into the urine, while plasma concentrations
could also be derived from nonrenal sources (e.g., increased
in inflammatory states) [24]. A response to kidney insult,
rather than inflammation, seems to be the major inducer of
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FIGURE 3: Serum GDEF-15 concentrations among patients with (#=14) and without (#=59) anemia (a). Data are shown as median
(horizontal line), interquartile range (box), nonoutlier range (whiskers), and outliers (points). Correlations between serum GDEF-15 and
blood hemoglobin (b), serum hepcidin 25 (c), and iron (d) in the studied patients. Light circles represent patients with complete or partial
remission (CR/PR) and dark circles represent patients without remission (stable disease or progressive disease, SD/PD). The right-skewed
variables were transformed using natural logarithm (In) to enhance readability. The Spearman rank-order correlation coefficients (R) in
the whole studied group and the subgroups are shown with associated p values.

NGAL in MM, while a rise in both urinary NGAL and serum
cystatin C may be indicative of a tubular-glomerular axis
impairment, for which these molecules are respective
markers [20]. Moreover, serum cystatin C levels have been
noticed to be an independent prognostic factor for survival
and correlate with advanced ISS stage [22]. Overall, we
observed a strong relationship between novel indices of kid-
ney injury and GDF-15. This may suggest that GDF-15
shares a close relationship with ongoing and/or permanent
renal damage. In our analysis of patients on maintenance
treatment, the trends between GDF-15 and markers of injury
to kidney compartments were of strong significance and were
less pronounced in the group of nontreated patients, where
remission was more common. Whether GDEF-15 is a key
player in the processes shaping kidney injury or it is inter-
twined with myeloma progression and resulting end-organ
sequelae remains to be established.

GDEF-15 has been shown to increase the survival of
stroma-dependent MM cells, though it is not produced by
the neoplastic cells themselves, but rather by bone marrow
(BM) mesenchymal stem cells. These stromal cells have been
documented with an abnormal gene expression profile
(termed “tumor ME genes”), which seems to support the

malignant clone and promote its proliferation and survival
(J [25]; J. [11]). Subsequent studies have shown that BM stro-
mal cells produce GDF-15 after direct contact with tumor
cells, while GDEF-15 strongly enhances their clonogenic
growth and self-renewal (T. [4]). Earlier studies in newly
diagnosed myeloma patients have established GDF-15 as a
promising molecule of prognostic significance, with the
potential to identify patients with poor response to therapy
and worse prognosis (J. [11, 26]). Our study examined an
ambulatory care sample of patients with MM, demonstrating
that serum GDF-15 concentrations are significantly associ-
ated with myeloma characteristics, even in a diverse clinical
population at various stages of disease (though the majority
was in stage I according to ISS). This is supported by the rela-
tionships apparent across different patient subgroups (remis-
sion, stable, and progressive disease), which suggests that
GDF-15 may be useful not only in the treatment-naive
patients but as an additional indicator of tumor burden,
which we postulate to reflect the underlying myeloma micro-
environment. Patients subjected to the maintenance chemo-
therapy have higher GDF-15 concentrations, with complete
remission less common in these patients (10% vs. 44%),
which may be explained by residual disease as a driver of
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FIGURE 4: Serum GDF-15 concentrations among studied patients according to eGFR values: >60 ml/min/1.73m’> (n=47), 30-
60 ml/min/1.73 m* (n=17), and <30 mI/min/1.73 m* (n=9) (a). Data are shown as median (horizontal line), interquartile range (box),
nonoutlier range (whiskers), and outliers (points). Correlations between serum GDF-15 and cystatin C (b) and urine NGAL (c). Light
circles represent patients with remission, and dark circles represent patients without remission. The right-skewed variables were
transformed using natural logarithm (In) to enhance readability. Spearman rank-order correlation coefficients (R) in the whole studied
group and the subgroups are shown with associated p values.

TasLE 5: Simple and multiple Cox proportional hazard regression models to predict the two-year overall survival of the studied patients with
MM.

Independent vatiable ) Simple regreS§ion ) Multiple regre'ssion

Hazard ratio (95% confidence interval) p value Hazard ratio (95% confidence interval) p value
ISS IT or III 5.53 (1.76-17.39) 0.003 9.12 (2.05-40.72) 0.004
On CTx treatment 13.02 (2.93-57.95) <0.001 15.02 (3.07-73.65) <0.001
In (GDF-15) 1.99 (0.97-4.08) 0.061 0.36 (0.12-1.04) 0.060

CTx: chemotherapy; GDF-15: growth differentiation factor 15; ISS: International Staging System for multiple myeloma.

higher circulating GDF-15 concentrations. Indeed, the differ- ~ will benefit from a particular therapeutic strategy, is an
ences in GDF-15 concentrations across different study  important and pragmatic aspect of management [27]. How-
groups were only evident when comparing complete remis-  ever, cytogenetic and molecular characterization is not read-
sion with partial remission, stable, and progressive disease ily available or accessible in all centers; therefore, a relevant
(significantly lower only in CR). This may indicate that in ~ model of disease-based biomarkers is of relevance for routine

cases of partial vs. complete remission, the tumor microenvi-  practice.

ronment exerts a protective effect on myeloma cells, which is A prior analysis of a group of 15 patients with MM
reflected in circulating GDF-15 concentrations similar to sta- ~ showed that significantly longer progression-free survival
ble or progressive disease. GDF-15 may be a valuable mole- ~ was present in patients with decreasing GDF-15 levels (T.
cule to investigate in biomarker-based models accounting  [4]). Similarly, other studies support the relationship between

for the complexity of myeloma biology. The characterization =~ GDEF-15 and prognostic significance, but the association with
of myeloma risk and the patient phenotype, i.e., whether they survival is controversial. The research by the team of Corre
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et al. showed that lower plasma GDF-15 is associated with
better event-free and overall survival, though this was not
confirmed in subsequent studies (J. [11, 26]). However, in
the study by Westhrin et al., lower serum GDF15 was associ-
ated with improved survival, more advanced osteolytic bone
disease, and a relationship with serum measures of osteoclast
activity. Further in vitro experiments showed promotion of
osteoclast differentiation and osteoblast inhibition, which
together supports the role of GDF15 in another cardinal
myeloma feature—bone disease [9]. We were notable to con-
firm a significant association between circulating GDF-15
levels and overall two-year survival in regression models,
and remarkably, the direction of the trend was reversed after
accounting for disease stage and chemotherapy, which were
strong determinants of poor survival. GDF-15 may therefore
be a molecule reflecting myeloma burden as a consequence of
the progressive disease, and therefore, its assessment
throughout the management does not hold more favorable
prognostic significance to the staging system itself.
Following the indications from pathogenesis, we evalu-
ated whether GDF-15 shares a relationship with biomarkers
involved in the development of its cardinal features (hepcidin
as a regulatory molecule of anemia of chronic disease, IL-6 as
a major myeloma cytokine, and novel molecules of tubular
and glomerular injury). Correlations between markers of
functional nephron loss (cystatin C, eGFR formulas) and
active tubular injury (urinary NGAL) were much more pro-
nounced in patients necessitating treatment (i.e., mainte-
nance chemotherapy), which may indicate that circulating
GDEF-15 reflects the symptomatic character of diseases. BM
stromal cells have been reported as a major source of inter-
leukin 6, which is a key player of inflammatory pathways in
myeloma [28, 29] and inducer of hepcidin [30], which fur-
ther emphasizes the importance of the abnormal ME. Along-
side the concept of BM “crowding out” by tumor cells, it has
been demonstrated that hematopoietic stem and progenitor
cells (particularly erythroid precursors) may be reduced from
the functional impairment, which has been tied to the
adverse tumor ME, and particularly TGFf signaling [31].
GDEF-15 may be a mediator of the tumor ME (J [25]; J. [11]).
The cellular targets and biological functions of GDF-15
are still being explored. The recent discovery of the
brainstem-restricted receptor GFRAL [32] supports a pri-
mary role of GDF-15 as a signal of somatic distress for the
central nervous system (CNS), with a regulatory effect on
metabolic and anorectic activity [33]. GDEF-15 also plays a
part in the inflammatory response, and the work by the
group of Luan et al. showed a GFRAL-related central meta-
bolic adaptation via the regulation of sympathetic outflow
and triglyceride metabolism [34]. Importantly, it has also
been emphasized that the manifold actions ascribed to
GDEF-15 in prior research are limited by contamination of
recombinant GDF-15 with TGFp [33, 35, 36]. This indicates
that the previous implication of GDF-15 effects on Smad2/3
activity or TGFBRII requires caution and reappraisal [36].
On the other hand, it should also be noted that GDF-15
exerts direct effects on immune cells and its immunomodula-
tory capacity may be independent of centrally regulated
mechanisms [36]. Further understanding of whether and if
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the central (GFRAL) and peripheral (local, fast-acting)
GDF-15-associated mechanisms exist and interact with mye-
loma biology is warranted.

These studies provide a preliminary rationale for study-
ing GDF-15 as a purported marker of the tumor ME in
MM. Our findings revealed a strong relationship between
serum GDEF-15 concentrations and the disease spectrum
(ranging from SMM to ISS stage III MM), as well as correla-
tions between circulating GDF-15 and indices of tumor bur-
den (albumin, B2-microglobulin), which fall in line with
earlier reports ([26]; J. [11]). Patients in complete remission
had significantly lower levels of GDF-15 when comparing
with stable or progressive disease. However, these differences
were marginally significant, which may also reflect an insuf-
ficient sample among subgroups.

Recombinant GDF-15 has been reported to inhibit hema-
topoiesis, which falls in line with negative correlations
between hemoglobin and increasing levels of GDF-15
observed at present, as well as in prior works (Toshihiko
[37]; Jill Corre, Hébraud, and Bourin 2013; . [11]). The rela-
tionship between GDF-15 and markers of impaired hemato-
poiesis was confirmed in all studied subgroups, which
confirms and extends the results of earlier studies. Moreover,
the association of hepcidin with GDF-15, which may act as a
regulatory molecule for the latter, is more pronounced in
patients with stable or progressive disease, while the trend
loses significance in remission. On the other hand, increased
GDF-15 concentrations may also reflect more advanced or
aggressive disease, which may more often lead to bone mar-
row impairment, and thus explain an association with lower
hemoglobin levels. Whether the purported roles of GDF-15
remain independent of TGFf activity (with respect to con-
tamination of recombinant GDF) or are invalidated remains
to be confirmed. The ability of GDF-15 to regulate erythro-
poiesis through the suppression of hepcidin, the main regula-
tor of iron metabolism, has prompted further investigations,
which have implied an alternating role of GDF-15 in the con-
text of underlying stimuli (primary disease, inflammatory
milieu, and status of iron metabolism) [38]. The liver pro-
duces hepcidin in response to inflammatory cytokines, such
as interleukin 6, though this process is also influenced by iron
availability, hypoxia, and erythropoietin (EPO) [38]. In pre-
viously untreated MM patients, or those not in remission,
hepcidin and GDEF-15 are overexpressed in peripheral blood
mononuclear cells, with plasma concentrations of GDF-15,
interleukin 6, EPO, and hepcidin noticeably elevated [12].
We observed that our patients had elevated levels of interleu-
kin-6, suggesting an underlying, prevalent state of inflamma-
tion, which may have modestly elevated circulating GDF-15
levels. As opposed to the inhibitory effect associated with
very high GDF-15 concentrations, moderate elevation may
stimulate hepcidin and explain the positive relationship
noted at present (Toshihiko [37]).

Induction of hepcidin by GDF-15 may potentially limit
the availability of iron for hematopoiesis and provide an
alternative explanation for the relationship with anemia. It
should be noted that the majority of our patients achieved
PR/CR and were subjected to treatment, likely decreasing
the levels of hepcidin and GDF-15, which falls in line with
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Ficure 5: The proposed graphical representation of the bone marrow environment in multiple myeloma and end-organ involvement:
abnormal bone marrow stromal cells release growth factors, cytokines, and survival factors (including GDF-15) following interactions
with malignant plasma cells, which leads to uncontrolled tumor growth and progression. GDF-15 is associated with the development of
the cardinal features of myeloma (anemia, renal impairment, and bone lesions), and it may be a mediator of pathways related to the

development and progression of these complications.

the observations from earlier studies [12]. Malyszko et al.
previously examined the relationship between iron homeo-
stasis and GDF-15 in kidney allograft recipients showing a
significant elevation of GDF-15 in patients with anemia,
while concentrations of GDF-15 and hepcidin, an indepen-
dent predictor of GDF-15, were raised overall [39].

In elderly individuals with anemia of unknown etiology,
the moderate elevation of GDF-15 was observed, the latter
being strongly correlated with kidney function (creatinine),
which was surmised to indicate a mutual relationship
between anemia and renal insufficiency [40]. Research has
revealed that intrarenal expression of GDF-15 in the tubu-
lointerstitial compartment correlates with its circulating
levels, for which an increase in the latter may independently
reflect renal function deterioration [41]. Large studies of the
Framingham community have shown that GDF-15 is associ-
ated with new-onset renal disease and the decline in kidney
function [42]. In AL amyloidosis, serum GDF-15 was
recently revealed as the most significant prognostic measure
for dialysis and a valuable addition to renal risk stratification
[43]. The underlying mechanism of GDF-15 in both MM-
and AL-related renal pathology is unclear, though in AL-
amyloidosis, it has been suggested that GDF- 15 plays a direct
role in pathophysiology, and its production may be induced
following a response to free light chain toxicity [43]. Simi-
larly, we show that circulating GDF-15 correlates with the
involved monoclonal light chains, and there is a significant
relationship with involved paraproteins in urine or serum
of patients who are not subject to treatment. GDF-15 seems
to be an integral component of the tumor ME, for which it
may serve as a surrogate measure, alongside other indices
characterizing disease burden. The aforementioned studies
suggest that GDF-15 may also be a mediator of processes
involved in developing anemia and renal dysfunction, for

which an indirect measure could be attained by assaying cir-
culating forms, potentially holding diagnostic and prognostic
significance (graphical presentation in Figure 5). However, it
should be emphasized that the increased understanding of
the molecular mechanisms of GDF-15 activity, particularly
with regard to central GFRAL activity, is necessary to estab-
lish future utility.

4.1. Limitations. There are several weaknesses of the study
that have to be emphasized. Due to this study being a
single-center investigation, we recruited a heterogenous pop-
ulation in favor of study sample size, which prompted post
hoc analysis to delineate patient subgroups of clinical inter-
est. Prior studies in homogenous samples (i.e., incident mye-
loma cases) have already demonstrated that GDF-15 is a
candidate marker in myeloma, yet the majority of patients
that stand to benefit from biomarker assays throughout the
management are not treatment-naive.

5. Conclusions

We postulate that GDF-15 may parallel the underlying
mechanisms of myeloma pathology occurring in the abnor-
mal ME, and as such, it shares a relationship with tumor bur-
den and disease complications, most prominently related to
anemia and kidney injury. Due to the correlations between
GDEF-15 and other markers of myeloma burden, which are
also indicators of renal injury (e.g., 2 microglobulin), it is
also conceivable that the pronounced concentrations of
GDF-15 apparent at more advanced stages of disease relate
to impaired glomerular filtration. However, the relationship
with urinary NGAL in all clinical subgroups, which is reflec-
tive of active inflammation in the tubular compartment, may
suggest that a generalized insult (e.g., cytokine byproducts of
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tumor progression) is more mechanistically related to the cir-
culating levels of GDF-15, rather than functional nephron
loss.
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Abstract: Background and objectives: Anemia is common in multiple myeloma (MM) and is caused
by a complex pathomechanism, including impaired iron homeostasis. Our aim is to evaluate the
biomarkers of iron turnover: serum soluble transferrin receptor (sTfR) and hepcidin-25 in patients at
various stages of MM in relation with markers of anemia, iron status, inflammation, renal impairment
and burden of the disease and as predictors of mortality. Materials and methods: Seventy-three MM
patients (six with smoldering and 67 with symptomatic disease) were recruited and observed for up to
27 months. Control group included 21 healthy individuals. Serum sTfR and hepcidin were measured
with immunoenzymatic assays. Results: MM patients with and without anemia had higher sTFR
compared to controls, while only anemic patients had higher hepcidin-25. Both hepcidin-25 and sTfR
were higher in anemic than non-anemic patients. Higher hepcidin-25 (but not sTfR) was associated
with increasing MM advancement (from smoldering to International Staging System stage III disease)
and with poor response to MM treatment, which was accompanied by lower blood hemoglobin
and increased anisocytosis. Neither serum hepcidin-25 nor sTfR were correlated with markers
of renal impairment. Hepcidin-25 predicted blood hemoglobin in MM patients independently of
other predictors, including markers of renal impairment, inflammation and MM burden. Moreover,
both blood hemoglobin and serum hepcidin-25 were independently associated with patients” 2-year
survival. Conclusions: Our results suggest that hepcidin-25 is involved in anemia in MM and its
concentrations are not affected by kidney impairment. Moreover, serum hepcidin-25 may be an early
predictor of survival in this disease, independent of hemoglobin concentration. It should be further
evaluated whether including hepcidin improves the early diagnosis of anemia in MM.

Keywords: multiple myeloma; soluble transferrin receptor; anemia; hepcidin 25; renal impairment;
tumor microenvironment; biomarker

1. Introduction

Multiple myeloma (MM) is a plasma cell disorder that accounts for approximately
10% of hematological malignancies. It is a more common disease in the elderly population

Medicina 2022, 58, 417. https:/ /doi.org /10.3390 /medicina58030417

https://www.mdpi.com/journal /medicina

54



Medicina 2022, 58,417

20f 15

and often develops following an asymptomatic stage. The diagnostic process involves
the search for a myeloma-defining event, including anemia and renal impairment. How-
ever, recent guidelines [1] allow for earlier diagnosis of MM preceding the development
of organ damage in patients with high (>60%) clonal plasma cell involvement of bone
marrow, involved to uninvolved serum free light chains (FLCs) ratio >100 and serum
FLCs >100 mg/L, or more than one focal lesion in magnetic resonance imaging. Median
overall survival of patients with newly diagnosed disease reaches 6 to 8 years, which is a
striking improvement attributed to modern therapy [2]. The focus on timely diagnosis and
prevention of organ damage drives the interest in diagnostic and prognostic biomarkers.
In theory, a validated biomarker can act as a surrogate of underlying disease pathways
and inform the physician on the alterations in organ-specific processes; for example, our
previous studies demonstrated that urinary insulin growth factor binding protein 7 (IGFBP-
7), neutrophil gelatinase-associated lipocalin (NGAL) monomer, and transgelin-2 may be
markers of renal impairment in patients with MM [3,4]. The use of appropriate biomark-
ers may be crucial for adequate tailoring of the treatment plan. However, in order to be
widely adopted into practice, novel biomarkers need to offer a significant improvement as
compared to the current ones.

Anemia is commonly observed in MM (in about 70% of patients), and is even more
prevalent in those patients who develop renal impairment (almost 90% of such cases).
Anemia may be caused by complex pathomechanisms. Cytokines produced by plasma-
cytes lead to anemia of chronic disease (ACD), by erythropoiesis inhibition and impaired
iron homeostasis [5]. The most common laboratory findings in MM-related anemia and
ACD are: (1) normocytic and normochromic anemia, (2) normal to mildly low serum iron
levels, (3) high serum ferritin, and (4) hemosiderin in bone marrow macrophages [6]. It
seems that inadequate excretion of erythropoietin (EPO) compared to the degree of anemia,
reduction of erythrocytes” survival time (<10%), inadequacy of ferric management, and
direct suppression of erythropoiesis by neoplastic cells are mainly responsible for the de-
velopment of ACD [7]. Other MM-related factors leading to anemia include: displacement
of erythroid system by neoplastic plasmacytes, proinflammatory activity of cytokines, and
disabled apoptosis of the erythroid system. However, renal failure should also be taken
into consideration as an important factor contributing to anemia. Among MM patients
with renal impairment, lower serum EPO levels appear more frequently (up to 60%) than
in patients with normal renal function [8]. The molecules engaged in iron metabolism,
namely hepcidin and soluble transferrin receptor (sTfR), have been previously suggested
as potential biomarkers in MM, enabling to better characterize the underlying etiology of
anemia [9].

Hepcidin, as a one of acute phase proteins, is regulated by interleukin-6 (IL-6), a cy-
tokine inducing MM development (a potential growth factor for myeloma cells). Hepcidin-
25 (an active hormone consisting of 25 aminoacids) controls iron delivery from intestinal
cells to blood and regulates iron transport and its release from macrophages. There is a
potential association between novel drugs in MM and this marker [9]. Moreover, hepcidin
expression is regulated by growth differentiation factor 15 (GDF-15), secreted by tumor
microenvironment cells. In our previous study, increased GDF-15 was associated with
end-organ damage and adverse prognosis in MM patients [7].

sTfR prevents the organism from iron-associated toxicity. TfR1 form has higher
affinity for transferrin and is overexpressed on cells with a high rate of proliferation,
including malignant hematopoietic cells. Interestingly, sTfR to ferritin ratio was decreased
in advanced stages of hematopoietic malignancies [10,11]. Studies have demonstrated
increased sTfR serum levels, decreased ferritin and increased sTfR to ferritin ratio in
correlation with increasing stages of chronic kidney disease (CKD) [12].

The primary aim of this study was to evaluate biomarkers of iron turnover, sTfR, and
hepcidin-25in patients at various stages of MM progression, and examine their relationship
with indicators of anemia and iron status (hemoglobin, red blood cell indices, ferritin, and
serum iron concentration) and renal impairment (serum creatinine, estimated glomerular
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filtration rate—eGFR, and urinary NGAL). Moreover, we examined the relationships of
these two markers with indicators of inflammation (IL-6) and burden of this disease (FLCs,
2-microglobulin, and GDF-15). Finally, serum concentrations of sTfR and hepcidin-25
were assessed to verify them as predictors of mortality in multiple myeloma.

2. Materials and Methods
2.1. Study Design and Patients

The recruitment process and laboratory methodology follow our earlier work [5].

Briefly, in this prospective observational study, patients were recruited during ambula-
tory control visits at the Departments of Hematology of the University Hospital in Krakéw.
We included adult patients with smoldering MM (SMM) or MM diagnosis consistent with
the International Myeloma Working Group criteria [1]. We excluded patients reporting
recent active infection, chronic infection with hepatitis B, C or human immunodeficiency
viruses, or diagnosis of active malignancy other than MM and patients on dialysis.

At the start of the study, physicians who conducted ambulatory control visits collected
clinical data regarding demographics (patient’s age and sex), history of hematological
disease including the date of initial diagnosis of SMM or MM, the current diagnosis, the
presence of bone lesions on X-ray, and the information about past and present treatment
including the response to the treatment: complete response (CR), partial response (PR),
stable disease (SD), or progressive disease (PD), and relevant co-morbidities. Follow-up
data on mortality was collected in February 2020, 27 months after the start of the study.

We also recruited a control group consisting of 21 healthy individuals (13 women,
8 men, aged 39-66 years) who provided blood samples used to obtain control results of
non-standard laboratory tests.

2.2. Ethics Statement

The study was compliant with the Declaration of Helsinki and the International Confer-
ence on Harmonization/Good Clinical Practice regulations. Approval by the Bioethics Com-
mittee of the Jagiellonian University was granted (approval number 1072.6120.248.2017).
Written informed consent was obtained from all participants. All the patients with MM
were treated at the Department of Hematology, University Hospital in Krakéw, Poland.

2.3. Blood Samples and Laboratory Tests

Blood and urine samples were obtained from MM patients at study enrolment, in
morning hours, after overnight fast. Blood samples were collected by trained nurses into
appropriate closed-system tubes. Urine was self-collected by patients using clean-catch
method and dedicated containers.

Routine laboratory tests were performed on the day of blood and urine collection and
included complete blood count, serum concentrations of creatinine, iron, total protein, albu-
min, 32-microglobulin, free light chains, ferritin, serum activity of lactate dehydrogenase,
and urine concentrations of light chains.

Sysmex XE 2100 analyzer (Sysmex, Kobe, Japan) was used for complete blood counts.
The routine biochemical tests were carried out using automatic biochemical analyzers:
Hitachi 917 (Hitachi, Japan) and Modular P (Roche Diagnostics, Mannheim, Germany). The
eGFR was calculated based on serum creatinine using the Chronic Kidney
Disease-Epidemiology Collaboration (CKD-EPI) 2009 formula. Concentrations of serum
FLC, urine LC (x and A type) and $2-microglobulin were measured by immunonephelo-
metric method on a BN II analyzer (Siemens GmbH, Erlangen, Germany). Freelite reagents
(Binding Site, Birmingham, UK) were used to assess FLCs k and A (reference ranges were
1.7-3.7 g/L and 0.9-2.1 g/L, respectively). The immunophenotype of the monoclonal
protein was determined by serum immunofixation on agarose gel (EasyFix G26, Interlab,
Rome, Italy).

Additional samples for non-routine laboratory tests were obtained along with routine
samples’ collection from patients with MM, and were collected using the same methodology
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from the control subjects. Serum and urine samples for non-routine laboratory tests were
aliquoted, frozen, and stored in —70 °C until analysis. Hemolyzed or lipemic serum samples
were not used. The non-routine tests were performed in series, with commercially available
immunoenzymatic assays (ELISA), and included serum concentrations of sTfR, hepcidin
25, GDF-15, IL-6, and N-terminal prohormone of brain natriuretic peptide (NT-proBNP),
and urine concentrations of NGAL monomer.

Serum sTfR was measured using Quantikine IVD ELISA Human sTfR Immunoas-
say (R&D Systems, Inc., Minneapolis, MN, USA), with the minimum detection range of
0.5nmol/L. Serum hepcidin-25 was measured using Hepcidin 25 human Cet. No. 5-1337 kit
(Peninsula Laboratories International, Inc., San Carlos, CA, USA). The detection range for
hepcidin 25 was 0.02-25 ng/mL. Serum GDF-15 was measured using Quantikine ELISA Hu-
man GDF-15 Immunoassay (R&D Systems, Inc., Minneapolis, MN, USA), with minimum
detection dose <4.4 pg/mL. Serum IL-6 was measured using Quantikine ELISA Human
IL-6 Immunoassay (R&D Systems, Inc., Minneapolis, USA with the minimum detection
dose of 0.70 pg/mL. Serum NT-pBNP concentrations were measured by Enzyme-linked
Immunosorbent Assay Kit For NT-ProBNP Human (Cloud-Clone Corporation, Huston,
TX, USA), with the minimum detection dose of 11.7 pg/mL. Urine NGAL monomer was
assessed using Human NGAL monomer-specific ELISA Kit (BioPorto Diagnostics A/S,
Hellerup, Denmark), with the minimum detection dose of 10 pg/mL.

2.4. Statistical Methods

For categorical data, we reported numbers and percentages of patients. Mean =+ standard
deviation or median (lower-upper quartile) were reported for normally and non-normally
distributed quantitative variables, respectively. The Shapiro-Wilk test was used to assess
normality. The differences between groups were assessed with the t-test or Mann-Whitney
test, according to distribution. Spearman rank correlation coefficient was used to analyze
associations between studied quantitative variables and the ordered variable describing
MM stage ranging from SMM to ISS stage IIL. Simple correlations between two quantitative
variables were assessed using the Pearson coefficient. We used multiple linear regression
to search for independent predictors of blood hemoglobin, including the independent
variables that correlated significantly with hemoglobin in the simple analysis. Right-
skewed variables were log-transformed using normal logarithm before the correlation
and linear regression analyses. Survival times were calculated from the date of the study
enrolment until the date of death from any cause or the date of the last follow-up and were
estimated with use of the Kaplan-Meier method. Simple and multiple Cox proportional
hazard regression were used to study the predictors of overall mortality. The statistical
tests were two-tailed and p < 0.05 indicated statistical significance. Statistica 12.0 (StatSoft,
Tulsa, OK, USA) software was used for computations.

3. Results
3.1. Baseline Characteristics of the Patients with MM and Differences between Patients with or
without Anemia

Seventy-three patients (35 females), aged between 29 and 90 years old, were recruited
(Figure 1). Six patients (8%) were diagnosed with smoldering myeloma (SMM) and 67 pa-
tients (92%) with symptomatic MM. Forty patients (55% of the studied group) were classi-
fied to have stage I disease according to International Staging System for multiple myeloma
(ISS) [13]. Eight patients (11%, including the subjects diagnosed with SMM) were treat-
ment naive upon presentation. Most patients (1 = 65; 89%) had received at least one line
of treatment and 23 (32%) had a history of prior autologous peripheral blood stem cell
transplantation. Fifty-two patients (71%) were in complete or partial remission. Fourteen
patients (19%) had anemia defined as blood hemoglobin below sex-related lower reference
limit (i.e., <11 g/dL in women and <12 g/dL in men). Patients with anemia more commonly
received maintenance treatment and demonstrated a worse response to the treatment, as
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352 patients with monoclonal gammopathy
treated in the Departments of Hematology,
University Hospital, Krakéw, Poland

Excluded:
9 patients with MGUS
3 patients with MGRS
2 with chronic hepatitis B
2 with chronic hepatitis C
24 with active infections
5 dialyzed
5 with active malignancy
other than MM

302 patients asked to participate in the study

156 patients: no consent for
the study

ts enrolled

73 patients: no results of
serum hepcidin-25 and
sTfR concentrations

73 patients included in the study

Figure 1. Flow diagram of study patient selection.

compared to subjects with normal blood hemoglobin (Table 1), while other baseline clinical
characteristics were similar across the groups.

Table 1. Baseline demographic and clinical characteristics of studied patients with multiple myeloma
(MM) with and without anemia.

Characteristic MM Patients with MM Patients without p-Value
Anemia (n = 14) Anemia (n = 59)
Mean age + standard deviation, years 67.8 +10.5 69.0 +10.2 0.7
Male sex, 1 (%) 10 (71) 28 (47) 0.1
Median time since dia_gnos'u; of MM (lower; 30 (16; 88) 38 (17; 65) 0.9
upper quartile), months
Smoldering myeloma, 1 (%) 0 6 (10) 0.07
ISS stage I, n (%) 5(36) 35(59)
ISS stage 11, n (%) 4(29) 11 (19)
ISS stage I1I, 1 (%) 5(36) 7(12)
Immunophenotype:
IgG, n (%) 10 (71) 42 (71) 0.9
IgA, n (%) 5(36) 12 (20) 0.2
IgM, 1 (%) 0 1) 0.9
biclonal, 1 (%) 2 (14) 0 0.9
Free light chains only, 1 (%) 0 1(2) 0.9
Non-secretory, n (%) 0 3(5) 0.9
Disease state on the day of study visit:
CR, 11 (%) 0 22 (37) 0.041
PR, 1 (%) 8(57) 22 (37)
SD, 1 (%) 1(7) 5(8)
PD, 1 (%) 5(36) 10 (17)
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Table 1. Cont.
Characteristic MM Patients with MM Patients without Vi
Anemia (n = 14) Anemia (n = 59)
Chemotherapy on the day of study visit:
On maintenance treatment, n (%) 10 (71) 20 (34) 0.010
No treatment, 1 (%) 4(29) 39 (66)
Treatment with:

Bortezomib, n (%) 3(21) 7(12) 0.3
Lenalidomide, n (%) 6 (43) 7(12) 0.006
Thalidomide, 1 (%) 1(7) 4(7) 0.9

Cyclophosphamide, 1 (%) 1(7) 35 0.8

Melphalan, 1 (%) 0 1(2) 1.0

Steroid, n (%) 10 (71) 19 (32) 0.007
Number of prior treatment schemes:
No treatment, 1 (%) 0 8(14) 0.4
1, n (%) 3(21) 14 (24)
2,1 (%) 6 (43) 16 (27)

3 and more, 1 (%) 5(36) 21 (36)

History of auto-PBSCT, 1 (%) 6 (43) 17 (29) 0.3
Chronic kidney impairment (eGFR 6 (43) 17 (29) 03

<60 mL/min/1.73 m?)

Abbreviations: CR, complete response; eGFR, estimated glomerular filtration rate; Ig, immunoglobulin; ISS,
International Staging System for multiple myeloma; n, number of patients; PBSCT, peripheral blood stem cell
transplant; PD, progressive disease; PR, partial response; SD, stable disease.

Anemia was associated with a higher average mean red blood cell volume (MCV) and
anisocytosis (higher red cell distribution width, RDW-CV) (Table 2). Moreover, anemic
patients had lower serum albumin, higher 32-microglobulin, and higher FLCs (Table 2).
Although serum creatinine and urinary NGAL were elevated in anemic subjects, average
eGFR values were similar. Both serum ferritin and soluble sTfR concentrations were higher
in MM patients with anemia, resulting in no difference in sTfR/log(ferritin) ratios between
anemic and non-anemic subjects (Table 2). There was no difference between the groups
in serum iron levels, either. Average serum hepcidin-25 level was more than twice higher
in patients with anemia than in those without anemia; similar differences were observed
between the groups in serum concentrations of IL-6 and GDF-15 (Table 2).

In the studied 73 patients with MM, serum sTfR was higher than in 21 healthy con-
trols (median (lower; upper quartile)): 25.0 (20.4; 28.4) versus 19.4 (17.3; 23.7) nmol /L,
respectively; p = 0.002). Both patients with (27.7 (24.6; 33.1); p < 0.001)) and without anemia
(24.0 (19.9; 27.9); p = 0.007) had higher sTfR as compared to controls. Serum concentrations
of hepcidin-25 did not differ between MM patients and control subjects: 28.8 (16.5; 44.6)
versus 27.1 (20.0; 37.3) ng/mL; p = 0.9); however, anemic MM patients (54.2 (30.9; 90.2))
had significantly higher hepcidin-25 than controls (p = 0.006).

3.2. Associations between the Studied Markers of Iron Metabolism and Baseline Clinical
Characteristics of Patients with MM

In the studied patients, no significant association was observed between the ordered
variable describing the advancement of MM (from SMM to ISS III) and sTfR concentra-
tions (Figure 2A), while a weak positive association was observed for serum hepcidin-25
(Figure 2B). Increasing severity form SMM to ISS stage Ill MM was associated with decreas-
ing blood hemoglobin (Figure 2C) and increasing red blood cell anisocytosis (i.e., increasing
RDW-CV values; Figure 2D). A weak negative association was observed between serum
iron concentrations and the MM stage (R = —0.31; p = 0.013). However, there were no
associations between the MM stage and other erythrocyte indices (MCV or mean cell
hemoglobin, MCH). In addition, we observed no significant associations between MM
stage and serum ferritin (R =0.23; p = 0.1) or sTfR/log(ferritin) ratio (R = —0.04; p =0.8).
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Table 2. Baseline results of laboratory tests among studied MM patients with and without anemia.
Data are shown as median (lower; upper quartile) or mean + standard deviation.

Chasicierista MM Patients with MM Patients without FEVilGE
Anemia (n =14) Anemia (n =59)
White blood cell count, x10%/uL 5.64 (4.35; 6.49) 6.12 (4.94; 7.12) 0.3
Red blood cell count, x10°/uL 3.10 £ 0.38 4.27 + 0.47 <0.001
Hemoglobin, g/dL 9.90 +1.22 13.20 £ 1.27 <0.001
Hematocrit, % 29.3 £ 363 384 +3.53 <0.001
MCV, fL 94.8 +£ 5.0 90.2+48 0.002
MCH, pg 320+1.9 31.1+20 0.1
MCHC, g/dL 33.8+0.9 343+1.1 0.1
RDW-CV, % 15.5 (14.7;17.3) 14.2 (13.5; 15.0) 0.001
Platelet count, x103/uL 162 +73 180 + 60 0.3
Lactate dehydrogenase, U/L 342 (308; 389) 356 (306; 403) 0.7
Albumin, g/L 38.4 (35.7;41.0) 437 (40.6; 45.5) <0.001
Involved serum free light chains, mg/L 92.7 (27.9; 133.0) 299 (16.3; 94.3) 0.047
Involved urine light chains, mg/L 10.09 (6.80; 27.60) 7.83 (6.34; 48.20) 0.9
B2-microglobulin, mg/L 493 (2.88;8.14) 2.53 (2.10; 3.66) 0.006
Serum creatinine, pmol/L 100 (84; 218) 85 (74; 98) 0.025
eGFR (CKD-EPI¢), mL/min/1.73 m? 66 (25;78) 67 (53; 78) 0.3
Urine NGAL, ng/mL 27.7 (11.6; 80.4) 11.2 (4.55; 26.8) 0.019
Iron, pmol /L * 144 £37 15.6 +5.2 0.4
Ferritin, pg/L* 380 (284; 568) 136 (55; 350) 0.009
sTfR, nmol/L 27.7 (24.6;33.1) 240 (19.9; 27.9) 0.041
sTfR/log(ferritin) * 498 (4.66; 5.22) 4.72 (3.97; 6.98) 0.6
Hepcidin-25, ng/mL 54.2 (30.9; 90.2) 219 (13.7; 40.4) 0.002
GDF-15, pg/mL 2450 (1896; 4028) 1141 (802; 1681) <0.001
Interleukin 6, pg/mL 5.11 (3.28; 7.45) 2.43 (1.53; 4.78) 0.027
NT-proBNP, pg/mL 293.6 (31.2; 460.1) 69.7 (31.6; 199.2) 0.08

* Iron concentrations were available in 63 patients, including 12 with anemia and 51 without anemia. Ferritin
concentrations were available in 51 patients, including 9 with anemia and 42 without anemia. Abbreviations: CKD-
EPI¢;, Chronic Kidney Disease-Epidemiology Collaboration equation based on serum creatinine; eGFR, estimated
glomerular filtration rate; GDF-15, growth differentiation factor 15; MCH, mean cell hemoglobin; MCHC, mean
cell hemoglobin concentration; MCV, mean cell volume; MM, multiple myeloma; NGAL, neutrophil-gelatinase-
associated lipocalin; NT-proBNP, N-terminal pro-B-type natriuretic peptide; RDW-CV, red cell distribution
width-coefficient of variation.

Serum hepcidin-25 and ferritin concentrations were significantly higher in patients
who received maintenance treatment at the start of the study, while the difference was
not significant in case of sTfR (Figure 3A-C). Treatment with bortezomib (p = 0.019),
lenalidomide (p = 0.012), and steroid (p = 0.008) was associated with significantly higher
serum hepcidin-25; treatment with lenalidomide (p = 0.004) and steroid (p = 0.010) was
associated with higher ferritin. This was paralleled by lower hemoglobin (11.71 4 1.78
versus 13.13 + 1.61 g/dL; p = 0.001) and higher RDW-CV (15.1 (14.3; 17.2) versus 13.9 (13.5;
14.6) %; p < 0.001) in treated versus untreated patients. Both serum sTfR and hepcidin-25
concentrations were associated with the response to treatment (Figure 3D,E), whereas other
studied markers of iron status did not differ between patients with CR, PR, SD, or PD.
Again, patients with CR had the highest blood hemoglobin (p = 0.004) and lowest RDW-CV
(p < 0.001).

Neither of the studied markers of iron metabolism (sTfR, hepcidin-25, ferritin, sTfR/
log(ferritin), iron) was associated with sex (p > 0.3 in all comparisons) or age (p > 0.3 in
all cases).

3.3. Association between Studied Markers and Blood Hemoglobin in Patients with Multiple Myeloma
In the 73 studied MM patients, blood hemoglobin concentrations were positively
associated with serum albumin and eGFR, and negatively associated with 32-microglobulin,
serum creatinine, urine NGAL, serum hepcidin-25, GDF-15, and interleukin 6 (Table 3).
Neither sTfR (R = —0.14; p = 0.2), nor ferritin (R = —0.23; p = 0.1), or sTfR/log(ferritin)
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(R =0.04; p = 0.8) significantly predicted hemoglobin concentrations in the studied group.
In a multiple analysis adjusted for sex, response to treatment (CR, PR, SD, or PD) and
treatment status (maintenance treatment or no treatment at the start of the study), serum
albumin and hepcidin-25 were identified as independent predictors of hemoglobin level
(Table 3).
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Figure 2. Soluble transferrin receptor (sTfR, A), hepcidin-25 (B), blood hemoglobin (C), and red
cell distribution width-coefficient of variation (RDW-CV, (D)), among 73 studied patients with
multiple myeloma (MM) according to increasing stage of the disease: from smoldering multiple
myeloma (SMM) to International Staging System for MM (ISS) stage III. The data are shown as
median (central line), interquartile range (box), non-outlier range (whiskers), and outliers (points).
Spearman correlation coefficients (R) and p-values describe the correlations of the studied variables
(shown on the Y-axis) with ordered scale of increasing severity of MM (from SMM to ISS stage IIT
MM, as shown on the X-axis).

Hepcidin-25 (log-transformed) demonstrated a significant correlation with red blood
cell indices: MCV (R = 0.23; p = 0.048), MCH (R = 0.24; p = 0.040), and RDW-CV
(R = 0.33; p = 0.004). Moreover, RDW-CV correlated positively with log(ferritin)
(R = 0.36; p = 0.010), log(interleukin 6) (R = 0.34; p = 0.003) and log(GDF-15) (R = 0.42;
p < 0.001). Iron concentrations (R = 0.31; p = 0.012) and log(sTfR) (R = —0.24; p = 0.039)
were correlated with MCHC.

3.4. Relationship between the Studied Markers of Iron Metabolism and their Associations with the
Markers of MM Burden, Inflammation and Renal Impairment

Serum hepcidin-25 correlated positively with ferritin (R = 0.61; p < 0.001 for log-
transformed variables) and, consequently, with sTfR/log(ferritin) ratio (R = —0.38;
p = 0.006). Otherwise, the studied markers of iron metabolism were not interrelated:
serum sTfR did not correlate with ferritin, hepcidin-25, or iron concentrations.

61



Medicina 2022, 58, 417

90of15

>

50
45
40
35
30
25
20
15
10

sTfR nmol/L

no

D

sTfR, nmol/L

B 120 C 2400
° p=0.1 p =0.005 p=0018
= 100 A ° 2000 1 o
o £ . '
8 80 A & ?0 1600 1
o TS} o ==
&l 60 A "E © c 1200
£ o | | Z o
ol B et
o o
o201 B o 400 1 & .
8 o
: 0 - 33 . 04 "< =
yes no yes no yes
On treatment On treatment On treatment
= 0.012 E e 0.001
il T 100 { e
45 o
40 1 ¢ 80 A
= o
e & 60 1
30 1 ° S
2 40 ]
25 1 £ g
2 1 T 20
15 { .
10 +— . . ; ol & —
CR PR SD PD CR PR SD PD

Figure 3. Soluble transferrin receptor (sTfR, (A)), hepcidin-25 (B), and ferritin (C) in serum of studied
patients with MM according to treatment status; serum sTfR (D) and hepcidin-25 (E) in patients with
MM according to the response to treatment. The data are shown as median (central line), interquartile
range (box), non-outlier range (whiskers), and outliers (points); p-values in Mann-Whitney (A-C) or
Kruskal-Wallis (D,E) test are shown, asterisk depicts significant differences in post-hoc comparisons.

Table 3. Significant predictors of blood hemoglobin concentrations among studied patients in MM in
simple analysis and the results of multiple regression. Multiple regression model was adjusted for
sex, treatment status, and the response to treatment.

. Simple Correlation Multiple Linear Regression
Independent Variable
R p-Value B +SE p-Value
Albumin 0.57 <0.001 0.36 £ 0.12 0.004
B2-microglobulin -0.38 <0.001 0.03 £0.16 0.8
Creatinine -0.31 0.008 not included
eGFR 0.33 0.005 —0.02 &+ 0.17 0.9
log(NGAL) —0.30 0.010 —0.02 4+ 0.1 0.9
log(hepcidin-25) -0.39 0.001 —0.27 £ 0.11 0.016
log(GDF-15) —0.50 <0.001 —0.23 +0.17 0.2
log(interleukin 6) -0.29 0.013 0.02 £ 0.11 0.8
The regression model Not applicable R?=0.49 <0.001

Abbreviations: R, Pearson’s correlation coefficient; 3, standardized regression coefficient; SE, standard error; RZ
coefficient of determination, estimated glomerular filtration rate; GDF-15, growth differentiation factor 15; NGAL,
neutrophil-gelatinase associated lipocalin.

While serum iron concentrations were correlated with renal function (serum creatinine,
eGFR, and urine NGAL), we observed no such correlations in the case of serum ferritin,
sTfR, and hepcidin (Table 4). Only sTfR and iron concentration significantly correlated with
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GDF-15 (Table 4). Moreover, serum sTfR negatively correlated with albumin and serum
iron positively correlated with 32-microglobulin. No correlations were observed between
the studied markers of iron metabolism and IL-6, serum FLC, or urinary light chains. The
ratio of sTfR/log(ferritin) did not correlate with any of the studied variables.

Table 4. Simple correlations of studied laboratory markers of iron metabolism with markers of renal
impairment and tumor burden.

Variable Log(sTfR) Log(Hepcidin-25) Log(Ferritin) Iron
Creatinine R=0.13;p=03 R=017p=0.1 R=0.16;p=03 R=—0.26; p = 0.042
eGFR R=-017;p=0.1 R=00Lp=09 R=005p=07 R =0.32;p =0.008
log(NGAL) R=0.06;p=06 R=012;p=03 R=006;p=07 R = -0.33; p = 0.009
Albumin R =—-0.25; p =0.031 R=-0.14;p=02 R=-0.16;p=0.2 R=004p=08
B2-microglobulin R=017;p=02 R=0.18p=01 R=019;p=02 R=-0.29;p=0.022
log(GDEF-15) R=0.27;p=0.019 R =0.20; p = 0.09 R=020;p=02 R =-0.32;p=0.010

Abbreviations: eGFR, estimated glomerular filtration rate; GDF-15, growth differentiation factor 15; NGAL,
neutrophil-gelatinase-associated lipocalin.

3.5. Predictors of Mortality in Multiple Myeloma

After 27 months from the start of the study, we collected the data on all-cause mortality.
The median observation time in the studied group was 20 months (range: 1 to 25 months;
lower; upper quartile: 16; 23 months). Fifteen (21%) patients died during the observation
period for the following causes: MM in six, infection in five, other neoplasm in three, and
unknown cause in one. The estimated two-year survival rate (Kaplan-Meier method) was
79%. Blood hemoglobin was significantly associated with survival (hazard ratio: 0.67;
95% confidence interval: 0.52-0.87; p = 0.003). Baseline serum hepcidin significantly pre-
dicted survival in simple analysis (hazard ratio: 1.02; 95% confidence interval: 1.0002-1.04;
p = 0.047), although the association was weak. Moreover, baseline serum hepcidin-25
appeared to be a negative predictor of survival, independent of hemoglobin concentration
(Table 5). No association with survival was observed for serum sTfR (p = 0.8).

Table 5. Simple and multiple Cox proportional hazard regression model to predict two-year overall
survival of studied patients with MM.

Simple Regression Multiple Regression
Independent Variable
HR (95% CI) p-Value HR (95% CI) p-Value
Hemoglobin 0.67 (0.52-0.87) 0.003 0.74 (0.55-0.99) 0.044
Hepcidin-25 1.03 (1.01-1.04) 0.002 1.02 (1.001-1.04) 0.041

Abbreviations: HR, hazard ratio, CI, confidence interval.

4. Discussion

In this study, we evaluated the relationships between the advancement of MM and
biomarkers of anemia and iron turnover. Anemia is a common manifestation of MM. In
a retrospective analysis of over one thousand MM patients published by Kyle et al., 73%
of patients presented with anemia at diagnosis [14]. Data collected at cancer care centers
indicate that the vast majority (85%) of patients experience anemia at some point in time,
while its presence is associated with a worse quality of life. In MM patients, hemoglobin
levels are usually lower than in other hematological conditions [15]. Developing reliable
biomarkers for anemia and clarifying the underlying pathomechanisms represent areas
of high interest. Furthermore, differentiating iron deficiency from ACD is useful for
adequate treatment tailoring (e.g., potential benefits from iron supplementation and use of
erythropoiesis-stimulating agents). Hematopoietic scores based on a composite of platelets
<150 x 10°/L, hemoglobin <10 g/dL, and high MCV (MCV > 96) represent a simple tool to
reliably predict survival in incident cases of MM [16].

In our study, we observed that iron-regulating cytokines and hormones (hepcidin-25,
IL-6, and GDF-15) were significantly elevated in anemic subjects with MM. More advanced
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disease was negatively associated with iron levels and positively with serum hepcidin,
while no significant associations were noted with ferritin, sTfR, or sTfR/log(ferritin). Al-
though previously postulated as a useful measure, sTfR/log(ferritin) was of no benefit in
our MM patients, as both ferritin and sTfR values were elevated. Iron transport in plasma
occurs when transferrin interacts with its membrane receptors, which are prevalent in bone
marrow tissue (80%) and are stimulated by iron deprivation. The concentration of the
soluble form of the receptor (sTfR) in plasma is proportional to cellular mass and remains
stable over time in healthy subjects. No age- or sex-related variations are observed. sTfR
can be described as a marker of erythropoiesis when iron stores are adequate and available,
whereas in iron deficiency it is a measure of iron status [17]. Hypoferremia with lower avail-
ability of iron for erythrocyte progenitors is a potential mechanism underlying anemia in
MM [18]. The inflammatory component of malignancy involves cytokine signaling, which,
in turn, promotes hepcidin secretion by hepatocytes, ferroportin binding and prevention
of iron efflux from enterocytes and reticuloendothelial cells. This process shapes iron
restriction in inflammation [9,10,17-20]. Our findings are consistent with these hypotheses.

The etiology of MM-related anemia is multifactorial. Rapid proliferation of MM
cells, tumor microenvironment, and expansion of myeloma in bone marrow are other
factors that may contribute to the “iron block” (e.g., by increasing iron demand and
limiting the functional erythropoietic compartment) [10,16]. Myeloma cells can promote
erythroblast apoptosis [21,22], while cytokines, such as IL-6, impair erythroid maturation
and hemoglobin production outside of “iron restriction” pathways [23]. Recent data
analyses support the model hypothesis of erythroid apoptosis induction by myeloma
cytokines and erythroblastic island destruction by myeloma cells [24].

Progression of anemia in MM has been associated with worsening erythroid hypopla-
sia, indirectly marked by transferrin receptor levels. Blunted erythropoietin release has
also been observed in more severe anemia, and kidney function appears to be an impor-
tant factor here [25,26]. However, deficient erythropoietin production may occur without
kidney impairment. The proposed mechanisms resemble the pathways of anemia of in-
flammation and CKD [25]. In the present study, in the majority of patients, anemia can be
categorized as normocytic with iron replete status and notable anisocytosis. The concurrent
elevation of IL-6 and hepcidin-25 levels suggests that elevated sTfR reflects an increased
iron demand, which is restricted to the erythroid progenitors through enhanced activity
of the IL-6-hepcidin axis [27]. This falls in line with the current model of the anemia of
inflammation in MM.

Moreover, one of the most landmark drugs in MM treatment is the proteasome in-
hibitor, bortezomib, due to its various anti-myeloma effects, such as the induction of
apoptosis, alteration of the bone marrow microenvironment, and inhibition of nuclear
factor kappa B (NFkB). It seems that it also affects additional cell survival pathways and
exerts inhibitory effects on cytokines, such as IL-6 or tumor necrosis factor o (TNFx) [28].
Hepcidin up-regulation has been linked to IL-6 signaling in MM (although IL-6 indepen-
dent mechanisms are also recognized) and its levels are elevated in both serum and urine
samples [20,29]. IL-6 is a crucial player in the inflammatory microenvironment of MM. It is
also itself a biomarker of prognostic significance [30,31]. Hepcidin mRNA in monocytes of
MM patients is elevated and in untreated cases it correlates negatively with hemoglobin,
and positively with ferritin and IL-6 levels [32]. Data from murine models suggest that
competition for iron within the bone marrow microenvironment occurs in the initial stages
of MM-related anemia, which would make hepcidin- or cytokine-targeted therapy less
effective in newly diagnosed patients [33]. This may also influence conclusions from studies
based only on incident MM cases. This association could aid in choosing appropriate treat-
ment in the future, especially in relapsing MM, including antibodies targeting myeloma
cells” antigens, nuclear export inhibitors, or histone deacetylase inhibitors [34].

In our study, hepcidin and albumin were independent predictors of hemoglobin levels
in multiple analysis adjusted for other variables correlated with hemoglobin, treatment
characteristics, and sex. While hypoalbuminemia is a well-established prognostic indicator
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in myeloma that is associated with disease severity [35], the potential of hepcidin-25 as a
predictor of hemoglobin independent of treatment status is a novel finding. Moreover, we
observed a significant relationship between hemoglobin and overall survival, with serum
hepcidin-25 being the only independent negative predictor of survival among the studied
indices of iron status. However, it is necessary to highlight that the observed association
between serum hepcidin concentrations and survival must be considered preliminary due
to the limitations of our study, and should be verified in larger studies. Hepcidin levels
are increased in many malignancies, including MM, which provides an essential source
of iron for the survival of neoplastic cells. Malignant cells require increasing cellular iron
import by actions of hepcidin on ferroportin downregulation. In MM, hepcidin expression
is related to bone morphogenetic protein 2 (BMP2) and IL-6. However, BMP2 is a stronger
inducer of hepcidin than IL-6 [36]. Moreover, local levels of hepcidin are lower than serum
levels. All of that suggest that most hepcidin in MM derives from the liver [20] It explains
our observation of no correlation between hepcidin and IL-6.

High concentrations of hepcidin are observed in both CKD and in MM [29,37]. In CKD,
patients with functional iron deficiency have higher hepcidin levels, which are predicted
by the degree of inflammation (e.g., levels of ferritin, fibrinogen, IL-6) [37]. However,
although in our study serum iron concentrations were correlated with renal function
(serum creatinine, eGFR, and urine NGAL), we observed no such correlations in the case of
serum ferritin, sTfR, and hepcidin. It is well known that renal impairment in MM reflects
poor prognosis and determines the response to chemotherapy [3]. The lack of hepcidin
correlation with renal function supports the role of hepcidin as a marker of poor prognosis
in MM that is independent of renal injury.

GDF-15 is another potential mediator that plays a role within the myeloma microen-
vironment. It is secreted by abnormal bone marrow stromal cells [38,39]. The prognostic
value of this biomarker has been previously described. GDF-15 concentrations are elevated
inadvanced MM and decline (alongside with hepcidin levels) following treatment [9,38-40].
In the present study, serum hepcidin-25 was associated with red blood cell parameters.
We demonstrated that hemoglobin levels correlate not only with hepcidin-25, GDF-15,
and IL-6, but also with kidney glomerular (i.e., creatinine as a surrogate) and tubular (i.e.,
NGAL as a surrogate) function. NGAL is a sensitive marker of kidney function in MM. It is
often described as a “real-time indicator of renal injury”. It also shows a relationship with
inflammation and tumor burden [3,41-44].

In the present study, several markers of myeloma burden, kidney injury, inflammation,
and iron regulation have been tied to alterations in hemoglobin levels. These observations
may reflect a complex network of pathological processes underlying MM. However, ded-
icated mechanistic study is necessary to evaluate whether these correlations reflect the
interaction between molecular pathways or only parallel the progression of disease (and
are therefore interrelated). Other limitations are also present and relate to the interpretation
of findings. This investigation examined a heterogeneous patient sample at different stages
of the disease, with varying degrees of organ involvement and treated with different modal-
ities. These factors may confound our observations. Our conclusions are also based on
biomarker assays performed at a single moment in time. The lack of prospective evaluation
is a natural limitation of a cross-sectional design, though it is particularly relevant for
concentrations of circulating proteins and small molecules, which physiologically fluctuate
and can be transiently elevated.

5. Conclusions

Multiple myeloma is a progressive hematological malignancy with a poor prognosis
and frequent organ impairment. Our results suggest that hepcidin-25 is involved in anemia
in MM and its concentrations are not affected by kidney impairment. We postulate that in
future, hepcidin-25 may be helpful to early diagnose anemia in MM patients independently
of kidney impairment, which in consequence may support early treatment, improving
disease management and increasing the quality of life. Moreover, serum hepcidin-25
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may be an early predictor of survival in MM, independent of hemoglobin concentration;
however, this result must be considered preliminary and needs confirmation in larger
studies. In our study, neither sTfR, ferritin, nor sTfR/log(ferritin) were good predictors of
hemoglobin concentration in patients with MM. However, MM progression is also driven
by other factors, which indicates that a reliable model for disease assessment will require a
panel of validated markers.
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Rozdzial 8.

Streszczenia artykulow

8.1. New Biomarkers of Ferric Management in Multiple Myeloma and Kidney
Disease-Associated Anemia opublikowany w Journal of Clinical Medicine.
Rok publikacji 2019; IF - 3,303; MNiSW/MEiN - 140

Szpiczak mnogi, bg¢dacy nowotworem ztosliwym klonalnych komorek
plazmatycznych, stanowi okoto 10% wszystkich nowotworéw hematologicznych.
Zapadalno$¢ jest wyzsza u osob starszych, a takze wsrod Afroamerykanow. Jednymi
z najczestszych objawow obok osteolizy ko$ci sa niedokrwisto$¢ oraz uszkodzenie
nerek. Anemia rozwija si¢ w wyniku podobnych zaleznos$ci jak w przypadku ACD —
na drodze supresji erytropoezy przez cytokiny (wzglgdny niedobér EPO), a takze
w wyniku zaburzen czynnosci nerek (rzeczywisty niedobdér EPO) oraz poprzez
mielosupresyjne dziatania uboczne chemioterapii. Zwigkszone wykorzystanie zelaza
w komorkach nowotworowych moze by¢ odpowiedzialne za rozwdj niedokrwistosci
u pacjentow z MM nawet bez wspolistniejacej niewydolnosci nerek. Powiktaniami
niedokrwisto$ci mogg by¢: trwata dysfunkcja narzadéw, nasilajace si¢ niedokrwienie
a w konsekwencji zmiany w metabolizmie nowotworéw i oporno$¢ na chemio- oraz
radioterapi¢. Coraz cze¢$cie] nowe biomarkery gospodarki zelazem jak: GDF15, sTfR
I hepcydyna 25 sg badane w przypadku chordb takich jak anemia, przewlekta choroba
nerek, choroby nowotworowe czy choroby serca. Rzadko jednak taczy si¢ w badaniach
zalezno$¢ tych markeréw z wigcej niz dwoma chorobami jednocze$nie. Nowe
biomarkery badane sa nie tylko jako molekuly wskazujagce na rozwoj anemii,
ale rowniez wydaja si¢ pomocne w diagnostyce jej przyczyn, co umozliwi
skuteczniejszy dobor leczenia. Nadal ilos¢ prac nad nowymi markerami gospodarki
zelazowe] jest niewystarczajaca do stworzenia panelu badan wystandaryzowanego
dla MM. Wydaje si¢ wiec zasadne kontynuowanie prac nad tymi markerami,
co w przysztosci moze skutkowac¢ wiaczeniem ich do rutynowej oceny diagnostycznej
I prognostycznej w przypadku chorych z MM i niewydolno$cia nerek, a takze bedzie

prowadzi¢ do opracowania interwencji terapeutycznych.
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8.2. Evaluating the Relationship of GDF-15 with Clinical Characteristics, Cardinal
Features, and Survival in Multiple Myeloma opublikowany w Mediators of
Inflammation.

Rok publikacji 2020; IF —4,711; MNiSW/MEIN - 100

GDF15 jako cztonek rodziny TGF-beta uczestniczy w procesach zwigzanych
z rozwojem szpiczaka mnogiego, a takze powstaniem z powiktan narzadowych.
Odgrywa znaczaca role zarowno w fizjologicznej jak 1 patologicznej erytropoezie
regulujac gospodarke zelazowa poprzez wptyw na ekspresj¢ hepcydyny. Moze réwniez
odzwierciedla¢ mikrosrodowisko nowotworu, poniewaz w przypadku MM jest
nieprawidtowo wydzielany przez komorki zr¢bu szpiku kostnego. Celem badania byta
ocena zaleznosci stezen GDF15 z anemia oraz uszkodzeniem nerek w grupie chorych
z MM. W grupie 73 pacjentow z MM oraz SMM analizowano zalezno$ci st¢zenia
GDF15 w surowicy m. in. z dotychczas stosowanymi markerami anemii (HGB oraz
stezeniem zelaza), parametrami nerkowymi, zaawansowaniem choroby podstawowej,
odpowiedziag na leczenie i $miertelnoscig. Dodatkowo oceniono zalezno$¢ GDF15
z innymi nowymi markerami gospodarki zelazowej. W grupie kontrolnej znajdowato sig

21 zdrowych 0s6b.

Wyniki:

Stezenie GDF15 w surowicy byto dodatnio zwigzane ze stopniem ISS (R = 0,65;
p < 0.001) 1 wykazywato istotne rdéznice miedzy pacjentami w r6znych stadiach MM.
Wartosci GDF15 byly rozne w zaleznosci od odpowiedzi na leczenie: pacjenci
z catkowitg remisja (ang. complete remission — CR) mieli nizsze st¢zenie GDF15 niz
reszta grupy (chorzy z cze$ciowsa remisjg (ang. partial remission — PR), stabilng chorobg
(ang. stable disease — SD) lub postepujaca chorobg (ang. progressive disease — PD))
(mediana 1029 pg/ml versus 1390 pg/ml; p = 0,013). Chorzy, ktorzy otrzymywali
chemioterapi¢ podtrzymujaca na poczatku badania mieli wyzsze wartosci GDF15.
Stezenie GDF15 w surowicy korelowato ze stgzeniem prognostycznych markerow
zaawansowania choroby nowotworowej: pozytywnie z catkowitym (k i A) st¢zeniem
FLC w surowicy (R = 0,35; p = 0,002), catkowitym stezeniem LC w moczu (R = 0,37;
p = 0,001) i stezeniem P2-mikroglobuliny w surowicy (R = 0,67; p < 0,001) oraz
negatywnie ze stezeniem albuminy (R = -0,52; p < 0,001). Ponadto, stgzenie GDF15

w surowicy bylo istotnie wyzsze u badanych pacjentéw z niedokrwistoscig (p < 0,001)

70



oraz wykazano odwrotng zalezno$¢ z wartoscig hemoglobiny (R = 0,50; p< 0,001)
i zelaza w surowicy (R = 0,28; p = 0,024). Ujemng zalezno$¢ wykazano takze pomiedzy
GDF15 a wartosciami eGFR wyliczonymi na podstawie st¢zenia kreatyniny 1 cystatyny
C (odpowiednio R = -0,54; p < 0,001 oraz R = -0,67; p < 0,001). Natomiast dodatnig
zalezno$¢ odnotowano pomigdzy GDFI15 i hepcydyna 25 w surowicy (R = 0,25;
p = 0,031), a takze pomigdzy GDF15 a markerami filtracji kigbuszkowej: stezeniem
kreatyniny w surowicy (R = 0,57; p < 0,001) oraz cystatyny C w surowicy (R = 0,70;
p < 0,001) oraz pomiedzy GDF15 w surowicy a markerami uszkodzenia cewek
nerkowych: stgzeniem NGAL w moczu (R = 0,56; p < 0,001) oraz stabsza ze stezeniem
cystatyny C w moczu (R = 0,24; p = 0,040). GDFI15 nie byl istotnie zwigzany
z calkowitym przezyciem ani w prostej analizie, ani po dotgczeniu predyktoréw

$miertelnosci takich jak stopien ISS czy odpowiedz na chemioterapig.

Whioski z przeprowadzonych badan:

GDF15 jako element nieprawidlowego mikrosrodowiska szpiczaka moze
stanowi¢ jedng z przyczyn patologicznych mechanizméw w MM oraz mie¢ zwigzek
z zaawansowaniem choroby (korelacje z 1SS oraz z markerami zaawansowania choroby
nowotworowej) I powiklaniami wynikajacymi z choroby podstawowe;j,
np.: niedokrwistos$cig (powiagzania z HGB oraz st¢zeniem zelaza) czy uszkodzeniem
nerek. Z uwagi na zaleznosci pomiedzy GDF15 a niektorymi markerami obcigzenia
MM, bedacymi rowniez wskaznikami uszkodzenia nerek, jak np.: B2-mikroglobulina
oraz na korelacje z podstawowymi markerami filtracji kigbuszkowej (kreatyning
i cystatyna C) wydaje si¢ zasadne powigzanie wyzszych stezen GDFI5 rowniez
z uposledzeniem filtracji kigbuszkowej w przebiegu MM. Jednak zwigzek GDF15
ze stgzeniem NGAL w moczu we wszystkich podgrupach klinicznych, moze sugerowac
lepsze odzwierciedlenie przez stezenia GDF15 uszkodzenia cewek nerkowych niz
klebuszka. W przysztosci zasadnym moze by¢ dobor diagnostyki i leczenia w oparciu
o ten marker, czego efektem stanie si¢ nie tylko skuteczniejsze leczenie
niedokrwisto$ci, ale rowniez zmniejszenie uszkodzenia nerek w przebiegu MM, a takze
zmniejszenie ilosci hospitalizacji wynikajacej z tych powiktan i poprawa jakos$ci zycia

chorych.
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8.3. The Key Role of Hepcidin-25 in Anemia in Multiple Myeloma Patients with
Renal Impairment opublikowany w Medicina.
Rok publikacji 2022; IF — 2,430; MEIN - 40

Anemia, bgdaca czestym powiklaniem szpiczaka mnogiego, jest spowodowana
ztozonymi patomechanizmami w tym nieprawidtowa gospodarka zelaza w organizmie.
Jednym z elementow wptywajacych na jej funkcjonowanie jest hepcydyna, ktéra
kontroluje wchtanianie zelaza z jelit, a takze jego transport w organizmie oraz
uwalnianie z makrofagow. Kolejna czasteczka jest sTfR chroniacy komorki przed
toksycznoscig zwigzang z zelazem. Celem przedstawionej pracy byta ocena zaleznosci
stezen sTfR 1 hepcydyny 25 z anemig oraz uszkodzeniem nerek w grupie chorych
z MM. Do badania wtaczono 73 pacjentow z MM (6 z SMM oraz 67 z objawowa
postacia), follow up wyniost srednio 27 miesiecy, natomiast grupe kontrolng stanowito
21 zdrowych ochotnikow. Oceniano zalezno$ci pomiedzy sTfR i hepcydyng 25
w surowicy m. in. z klasycznymi markerami anemii (w tym HGB, st¢zeniem zelaza),
markerami uszkodzenia nerek, zaawansowaniem choroby podstawowej, odpowiedzia
na leczenie 1 $miertelnoscig. Dodatkowo oceniono zalezno$ci badanych biomarkerow

migdzy sobg oraz z GDF15.

Wyniki:

Pacjenci z MM mieli wyzsze stezenie sTfR w surowicy w poréwnaniu do oso6b
z grupy kontrolnej (mediana 25,0 nmol/l versus 19,4 nmol/l; p = 0,002), natomiast
w przypadku hepcydyny 25 stezenia nie rdznily si¢ znaczaco w obu grupach.
U badanych pacjentéw nie zaobserwowano zalezno$ci pomiedzy zaawansowaniem
choroby w postaci stopnia ISS a stezeniem sTfR w surowicy, podczas gdy hepcydyna
25 wykazata dodatnig zalezno$¢ z tym wskaznikiem (R = 0,29, p = 0,012). Stezenie
sTfR w surowicy ujemnie korelowalto ze stezeniem albumin (R = -0,25; p = 0,031), nie
zaobserwowano natomiast zadnego zwiazku z pozostatymi markerami zaawansowania
MM (stezeniami FLC w surowicy, LC w moczu oraz 2-mikroglobuliny w surowicy).
W przypadku hepcydyny 25 nie odnotowano zalezno$ci z markerami stopnia
zaawansowania MM. Natomiast stezenie hepcydyny 25 bylo istotnie wyzsze
u pacjentow. ktérzy otrzymywali leczenie podtrzymujace na poczatku badania

(p = 0,005), ale w przypadku sTfR ta réznica byta statystycznie nieistotna. Leczenie
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bortezomibem, (p = 0,019), lenalidomidem (p = 0,008) oraz sterydami (p = 0,008) byto
zwigzane ze znaczenie wyzszym stgzeniem hepcydyny 25 w surowicy. Zar6wno
stezenia sSTfR (p = 0,012) jak i hepcydyny 25 (p < 0,001) byty zwigzane z odpowiedzig
na leczenie. Stezenie sTfR jak i hepcydyny 25 w surowicy bylo wyzsze w grupie
pacjentow z anemig w poréwnaniu do pacjentow bez niedokrwistosci (odpowiednio:
mediana 27,7 nmol/l versus 24,0 nmol/l; p = 0,041 oraz mediana 54,2 ng/ml versus
21,9 ng/ml; p = 0,002). Wykazano ujemng zalezno$¢ pomiedzy stezeniem hepcydyny
25 w surowicy a st¢zeniem HGB (R = -0,39; p < 0,001). Stezenie sTfR nie bylo
zwigzane ze stgzeniem HGB w badanej grupie. W analizie wielosktadnikowej
dostosowanej do pici, odpowiedzi na leczenie (CR, PR, SD lub PD), stanu leczenia
w momencie wiaczenia do badania (podtrzymujace lub brak) hepcydyna 25 okazata sig¢
niezaleznym predyktorem st¢zenia HGB (R = -0,27; p = 0,016). Hepcydyna 25
wykazala istotng zaleznos¢ z MCV (R = 0,23, p = 0,048), MCH (R = 0,24; p = 0,040)
i RDW-CV (R = 0,33; p = 0,004). log(sTfR) byt negatywnie zwigzany z MCHC
(R = -0,24; p = 0.039). Nie zaobserwowano zwigzku zaréwno z hepcydyng 25 jak
i STfR z markerami nerkowymi (st¢zeniem kreatyniny w surowicy, eGfR, stezeniem
NGAL w moczu). Hepcydyna 25 i sTfR nie wykazywaty korelacji miedzy soba,
natomiast stezenie STfR wykazywato dodatnia zalezno$¢ ze stezeniem GDF15
w surowicy (R = 0,27; p = 0,019), natomiast w przypadku hepcydyny 25 nie
zaobserwowano podobnego zwiazku. Srednio po 27 miesigcach od rozpoczecia badania
zebrano dane dotyczace $miertelno$ci. Po podsumowaniu wynikow wyj$ciowe stezenie
hepcydyny 25 w surowicy w sposob istotny przewidywalo przezycie w analizie prostej
[wspotczynnik ryzyka (ang. hazard ratio — HR) = 1,03; p = 0,002), okazato si¢
predyktorem przezycia niezaleznym od st¢zenia HGB (HR = 1,02; p = 0,041)]. Nie
zaobserwowano zwigzku pomigdzy wyjsciowym stezeniem sTfR w surowicy

a przezyciem.

Wnhioski z przeprowadzonych badan:

Hepcydyna 25 moze okaza¢ si¢ pomocna we wczesnym diagnozowaniu anemii
u pacjentow z MM niezaleznie od stopnia uszkodzenia nerek, co w konsekwencji
przyczyni si¢ do wilaczenia skutecznego leczenia na wczesniejszym etapie oraz
podniesie jakos$¢ zycia chorych. Ponadto oznaczenie st¢zenia hepcydyny 25 w surowicy

moze by¢ wczesnym predyktorem przezycia w MM niezaleznie od stgzenia HGB,
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jednakze to zalozenie nalezy uzna¢ za wstgpne i wymagajace dalszego potwierdzenia
w kolejnych badaniach. Oznaczenie stezenia sTfR w surowicy nie wigze si¢
z przewidywaniem rozwoju niedokrwisto$ci ani okreslaniem ryzyka S$miertelnosci
wsrdd pacjentdow z MM. Jednak progresja MM jest napedzana prze rozne czynniki,

co sugeruje, ze wiarygodny model oceny choroby bedzie wymagal panelu

zwalidowanych markerow.
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Rozdzial 9.
Whioski

1. Stezenie GDF15 i hepcydyny 25 w surowicy jest powigzane z zaawansowaniem
MM oraz odpowiedzia na leczenie, natomiast stezenie sTfR w surowicy
wykazuje korelacje jedynie z odpowiedzig na leczenie. Dodatkowo na stezenie
hepcydyny 25 ma wplyw z rodzaj stosowanego leczenia.

2. Oznaczenia stezenie GDFI5 w surowicy jest przydatnym markerem
niedokrwistosci 1 zapasow zelaza w MM niezaleznym od stadium
zaawansowania choroby, stosowanego leczenia czy odpowiedzi na to leczenie.
Rowniez hepcydyna 25 jest wskaznikiem niedokrwistosci w MM.

3. Stezenie GDF15 w surowicy jest skorelowane zaréwno z markerami
uposledzenia filtracji kigbuszkowej, jak i1 uszkodzenia cewek nerkowych,
jednakze zwigzek ze stgzeniem NGAL w moczu wydaje si¢ by¢ silniejszy.

4. Stezenie hepcydyny 25 w surowicy jest wskaznikiem $miertelno$ci w grupie
chorych z MM niezaleznym od czynno$ci nerek oraz niepowigzanym
ze stezeniem HGB.

5. Stezenie GDF15 w surowicy wykazato zalezno$¢ zarowno z hepcydyna 25 jak

i STfR, natomiast hepcydyna 25 i sT{R nie wykazaty zalezno$ci miedzy soba.
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Rozdzial 10.

Streszczenie

Szpiczak mnogi, stanowiacy 10% nowotworéw hematologicznych, najczesciej
dotyka osob starszych, jednakze w ostatnich latach granica wieku rozpoznawania MM
przesuwa si¢ stopniowo w kierunku mlodszych pacjentow. Sposrod manifestacji
szpiczaka dominujgca jest niedokrwisto$¢, a w dalszej kolejnosci zmiany kostne
I uszkodzenie nerek.

Anemia, bedaca wczesnym powiktaniem MM, ma ztozong patogenezg. Do jej
przyczyn mozemy zaliczy¢, m. in. wzmozong ekspresje szlaku cytokin przyczyniajaca
si¢ do rozwoju ACD, wypieranie prawidlowych komorek szpiku kostnego przez
komorki szpiczaka, zaburzenie prawidtowej gospodarki zelazowej, czy zmniejszone
wydzielenie EPO spowodowane niewydolnoscig nerek. Niedokrwisto$¢ koreluje
z gorszym rokowaniem w tej grupie pacjentow. W leczeniu anemii stosowane sg
klasyczne metody leczenia jak: suplementacja zelaza, transfuzje sktadnikow krwi
(wymagajace  czestszych  hospitalizacji) oraz  stosowanie EPO  (zwigzane
ze zwigkszonym ryzykiem zakrzepowo-zatorowym w powigzaniu ze stosowaniem
chemioterapii). Aktualnie trwaja prace nad nowa forma leczenia W postaci
rekombinowanych biatek fuzyjnych rozpuszczalnego receptora aktiwiny typu Il oraz
IgG-Fc. Do oceny stopnia i zaawansowania niedokrwistosci stuzg stezenia: HGB,
hematokrytu, RBC, MCH, MCHC, MCV, RDW-CV i zeclaza. Istniejg jednak nowe
biomarkery gospodarki zelazowej takie jak: GDF15, sTfR czy hepcydyna 25, ktore
moga poprawi¢ diagnostyke i rozpoznanie anemii.

Praca doktorska oparta jest na cyklu 3 prac, ktore wskazuja na mozliwosé
zastosowania nowych biomarkeréw gospodarki zelazowej: GDF15, sTfR i hepcydyny
25 u chorych ze szpiczakiem mnogim oraz przewlekla choroba nerek. Badano zwiazek
miedzy markerami a zaawansowaniem nowotworu, anemig, uszkodzeniem nerek,
$miertelnoscia, jak rowniez powigzania markerow pomiedzy sobag.

Do badania zakwalifikowano tacznie 73 chorych z MM Iub SMM. Od kazdego
pacjentka pobrano probki krwi oraz moczu, z ktérych oznaczono biomarkery
gospodarki zelazowej (GDF15, sTfR, hepcydyne 25), a takze standardowe wskazniki
anemii 1 niedoboru zelaza, markery zaawansowania MM, uszkodzenia nerek oraz stanu
zapalnego. Po okresie $rednio 27 miesiecy od rozpoczecia badania oceniono markery

niedokrwistos$ci, 1 uzupetniono dane dotyczace zgonu (jesli wystapit).
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Sposréd badanych markeréw stezenie GDF15 w surowicy najlepiej zwigzane
jest ze stadium zaawansowania MM (zaréwno ze stadium ISS jak i st¢zeniem FLC
w surowicy, LC w moczu, B2-mikroglobuliny w surowicy oraz albuminy w surowicy)
oraz odpowiedzig na leczenie, natomiast warto$ci hepcydyny 25 oznaczane w surowicy
sa dodatkowo powigzane z rodzajem stosowanego leczenia. Stezenia wszystkich
markerow byly wyzsze u chorych z niedokrwisto$cia, jednakze zalezno$ci ze st¢zeniem
HGB wykazaty jedynie GDF15 i hepcydyna 25. Zaobserwowano powigzanie st¢zenia
GDF15 w surowicy z markerami upos$ledzenia filtracji ktebuszkowej jak i uszkodzenia
cewek nerkowych. Nie wykazano korelacji pomigdzy wszystkimi biomarkerami —
najwigcej zaleznosci prezentowal GDF15. Wykazano, ze stezenie hepcydyny 25
w surowicy moze by¢ predyktorem $miertelno$ci wsrod chorych z MM niezaleznym
od uszkodzenia nerek jak i od stgzenia HGB.

Biorac pod uwage powyzsze wyniki wydaje si¢ zasadne oznaczanie markerow
gospodarki zelazowej u chorych za szpiczakiem mnogim celem przewidywania rozwoju
anemii, a takze oceny rokowania pacjentow niezaleznie od wspoétistniejacych powiktan
MM. Dzigki temu mozliwe bedzie wczesniejsze interweniowanie, wdrazanie
profilaktyki oraz farmakoterapii w oparciu o te markery, co moze zapobiec r0ZWOjowi
takich konsekwencji jak powiktania sercowo-naczyniowe, pogorszenie funkcji
poznawczych czy czeste hospitalizacje zwigzane z przetaczaniem preparatow krwi,
a tym samym podniesie jako$¢ zycia chorych. Konieczne jest jednak kontynuowanie
badan nad tymi markerami celem wykluczenia wplywu innych czynnikéw oraz

precyzyjnej oceny faktycznej mozliwosci ich zastosowania w grupie pacjentow z MM.
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Rozdzial 11.

Summary

Multiple myeloma, which represents 10% of haematological neoplasms, mainly
affects the elderly. In recent years the age limit for MM diagnosis has been gradually
edging towards the younger population. The most common manifestations of MM are:
predominantly anaemia and consequent symptoms due to bone and kidney failure.

Anaemia, which is an early complication of MM, has multifactorial
pathogenesis. The predominant causes are due to: overexpression of cytokines pathway
which contribute to development of ACD, displacement of normal bone marrow cells
by myeloma cells, disturbance of normal ferritic management and reduced EPO
secretion due to renal failure. Anaemia correlates with worse prognosis; moreover
it may be an independent predictor of development of impaired kidney function
in multiple myeloma. In treatment of anaemia, classic methods are used such as iron
supplementation, blood transfusions (which require frequent hospitalizations) and the
use of EPO (associated with increased risk of thromboembolism). Currently new forms
of anaemia pharmacotherapy are being studied (recombinant, soluble activin type-l1I
receptor—IgG-Fc fusion proteins).

Concentrations of HGB, haematocrit, RBC, MCH, MCHC, MCV, RDW-CV and
iron are used for classical assessment of anaemia. Presently there are new biomarkers of
ferritic management (GDF15, sTfR or hepcidin 25) which can improve the recognition
of anaemia.

This doctoral dissertation is based on the cycle of 3 publications that evaluate the
use of new biomarkers of ferritic management (GDF15, sTfR and hepcidin 25)
in patients with multiple myeloma and renal failure. The relationship between markers
and neoplasm advancement, anaemia, kidney failure, mortality, as well as the
associations between indicators were compared and studied.

73 patients were included into the study with MM or SMM. Blood and urine
samples were drawn from each patient. Biomarkers of ferritic management (GDF15,
sTTR, hepcidin 25), as well as standard indicators of anaemia and iron deficiency,
markers of MM advancement, renal failure and inflammation were assayed. After an
interval of 27 months from the start of the study, laboratory test results from the last

visit (mainly markers of anaemia) were evaluated and mortality data were completed.
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After evaluation of the studied markers, Serum GDF15 concentrations had the
best correlations with advancement of MM (ISS stage, as well as serum levels of FLC,
urine LC, serum [2-microglobulin and serum albumin) and treatment response.
Meanwhile, serum hepcidin 25 concentrations were additionally associated with the
type of treatment prescription. Serum levels of all markers were higher in patients with
anaemia; while only GDF15 and hepcidin 25 showed correlation with HGB
concentrations. Associations between serum GDF15 concentrations and markers
of glomerular filtration impairment and renal tubular damage were observed. GDF15
presented most frequent associations with other biomarkers. Serum levels of hepcidin
25 have been predictors of mortality in MM patients independently of kidney injury and
HGB concentrations.

Taking into consideration the above results, it seems reasonable to assay
biomarkers of ferritic management in the MM population to predict development
of anaemia, as well as to assess patients prognosis independently of concomitant
complications of multiple myeloma. These markers may serve to be helping tools
in earlier intervention, prevention implementation and pharmacotherapy. In turn they
may prevent the development of such consequences as: cardiovascular complications,
cognitive deterioration or frequent hospitalizations associated with blood transfusions;
and very importantly increase patients quality of life. One must emphasis the necessity
to continue studies concerning these markers in order to exclude the influence of other

factors and to precisely assess the effectiveness in their use in MM.
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Krakéw, dnia 17.01.2022
Lek. Krzysztof Batko
Katedra Nefrologii, Dializoterapii i Transplantologii
Uniwersytet Jagiellonski Collegium Medicum

OSWIADCZENIE

Jako wspotautor pracy: ,,New Biomarkers of Ferric Management in Multiple Myeloma
and Kidney Disease-Associated Anemia” opublikowanej w Journal of clinical medicine, vol. 8,
2019, str 1828 o$wiadczam, iz modj wilasny wklad merytoryczny W przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi
5,6 % 1 polegat na:
- opracowaniu koncepcji manuskryptu
- przygotowaniu i korekcie manuskryptu

- analizie i interpretacji prac.

Jednoczesnie  wyrazam  zgode na  przedlozenie  w/w  pracy  przez
lek. Matgorzate Banaszkiewicz jako cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie
zbioru artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji manuskryptu

- przygotowaniu i korekcie manuskryptu

- analizie i interpretacji prac zrodlowych

- ostatecznym opracowaniu manuskryptu.

(podpis wspétautora)
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Krakéw, dnia 17.01.2022 r.
Prof. dr. hab. n. med. Marek Kuzniewski

Katedra Nefrologii, Dializoterapii i Transplantologii

Uniwersytet Jagiellonski Collegium Medicum

OSWIADCZENIE

Jako wspotautor pracy pt. ,,New Biomarkers of Ferric Management in Multiple Myeloma
and Kidney Disease-Associated Anemia” opublikowanej w Journal of clinical medicine, vol. 8,
2019, str 1828 o$wiadczam, iz modj wilasny wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi

4,4 % i polegal na:

- ostatecznym opracowaniu manuskryptu.

Jednoczesnie  wyrazam  zgode na  przedtozenie  w/w  pracy  przez
lek. Matgorzate Banaszkiewicz jako cze$¢ rozprawy doktorskiej w formie spojnego tematycznie
zbioru artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji manuskryptu

- przygotowaniu i korekcie manuskryptu

- analizie i interpretacji prac zrodlowych

- ostatecznym opracowaniu manuskryptu.
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(podpis wspotautora)
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Krakéw, dnia 17.01.2022
Prof. UJ, dr hab. n. med. Katarzyna Krzanowska
Katedra Nefrologii, Dializoterapii i Transplantologii
Uniwersytet Jagiellonski Collegium Medicum

OSWIADCZENIE

Jako wspotautor pracy: ,,New Biomarkers of Ferric Management in Multiple Myeloma
and Kidney Disease-Associated Anemia” opublikowanej w Journal of clinical medicine, vol. 8,
2019, str 1828 o$wiadczam, iz moj wilasny wkiad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi
11,3 % i polegat na:

- opracowaniu koncepcji manuskryptu

- przygotowaniu i korekcie manuskryptu

- nadzorze nad ostateczna forma manuskryptu
- pozyskaniu finansowania.

Jednoczesnie  wyrazam  zgode na  przedlozenie  w/w  pracy  przez
lek. Matgorzate Banaszkiewicz jako cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie
zbioru artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji manuskryptu

- przygotowaniu i korekcie manuskryptu

- analizie i interpretacji prac zrodlowych

- ostatecznym opracowaniu manuskryptu.

(podpis wspblautora)
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“Evaluating the Relationship of GDF-15 with Clinical Characteristics, Cardinal

Features, and Survival in Multiple Myeloma.” Autorzy: Malgorzata Banaszkiewicz,

Jolanta Malyszko, Krzysztof Batko, Ewa Koc-Zorawska, Marcin Zérawski, Paulina

Dumnicka, Artur Jurczyszyn, Karolina Woziwodzka, Joanna Tisonczyk, Marcin

Krzanowski, Jacek Matyszko, Anna Waszczuk-Gajda, Ryszard Drozdz, Marek
Kuzniewski, Katarzyna Krzanowska. Mediators of Inflammation, 2020, 2020, 5657864.

Imi¢ i nazwisko

wspotautora

Charakter udziatu

Procentowy
wktad

lek. Matgorzata

Banaszkiewicz

opracowanie koncepcji badan oraz stworzenie
hipotezy badawczej, wykonanie bazy danych,
zbieranie danych i ich opracowanie, analiza
1 interpretacja wynikdw pracy, analiza
pismiennictwa, opracowania badan
i metodologii, przygotowanie manuskryptu
pracy, wizualizacja i ostateczne opracowanie

manuskryptu

33,0%

prof. dr hab. n. med.
Jolanta Matyszko

opracowanie koncepcji badan oraz stworzenie
hipotezy badawczej, wykonanie bazy danych,
zbieranie danych i ich opracowanie, analiza,
interpretacja i weryfikacja wynikéw pracy,
analiza piSmiennictwa, opracowanie badan
i metodologii, przygotowanie manuskryptu
pracy, Wwizualizacja, korekta i ostateczne
opracowanie  manuskryptu,  nadzor  nad

ostateczng formg manuskryptu

7,0%

lek. Krzysztof Batko

opracowanie koncepcji badania oraz stworzenie
hipotezy badawczej, wykonanie bazy danych,
zbieranie danych i ich opracowanie, analiza
1 interpretacja wynikOw pracy, analiza
pisSmiennictwa, weryfikacja wynikow,
przygotowanie oprogramowania, wizualizacja

I ostateczne opracowanie manuskryptu

4,0%

dr hab. n. med. Ewa

wykonanie oznaczen laboratoryjnych, wykonanie

4,0%
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Koc-Zorawska

bazy danych, zbieranie danych i ich
opracowanie, analiza 1 interpretacja wynikow

pracy, ostateczne opracowanie manuskryptu

dr hab. n. med

Marcin Zorawski

wykonanie oznaczen laboratoryjnych,

opracowanie badan 1 metodologii, korekta

manuskryptu

4,0%

dr n. med. Paulina

Dumnicka

wykonanie analizy statystycznej i interpretacji

wynikow  pracy, opracowanie  danych,

opracowanie badania i metodologii, ostateczne

opracowanie manuskryptu

5,0%

prof. dr hab. n. med.

Artur Jurczyszyn

opracowanie koncepcji badania oraz stworzenie
hipotezy badawczej, wykonanie bazy danych,
zbieranie danych i ich opracowanie, analiza
analiza

badan

1 interpretacja  wynikow  pracy,

piSmiennictwa, opracowanie

i metodologii, weryfikacja ~ wynikow,

wizualizacja 1 ostateczne  opracowanie

manuskryptu, nadzor nad ostateczng forma

manuskryptu

4,0%

lek. Karolina
Woziwodzka

wykonanie bazy danych, zbieranie danych i ich
opracowanie, opracowanie koncepcji badania
oraz stworzenie hipotezy badawczej, analiza
1 interpretacja wynikéw pracy, weryfikacja
wynikow, analiza pi$miennictwa, opracowanie
badan 1 metodologii, wizualizacja 1 ostateczne

opracowanie manuskryptu

4,0%

mgr Joanna

Tisonczyk

wykonanie oznaczen laboratoryjnych, zbieranie
danych i ich opracowanie, analiza i interpretacja

wynikow  pracy, analiza  piSmiennictwa,

opracowanie badan i metodologii

3,0%

dr hab. n. med.

Marcin Krzanowski

opracowanie koncepcji badah oraz stworzenie
hipotezy badawczej, wykonanie bazy danych,
zbieranie danych i ich opracowanie, analiza

i interpretacja wynikow tej pracy, analiza

4,0%
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pisSmiennictwa, opracowania badan

i metodologii, weryfikacja wynikow,
przygotowanie manuskryptu pracy, wizualizacja

I ostateczne opracowanie manuskryptu

prof. dr hab. n. med. | opracowanie koncepcji badania oraz stworzenie 7,0%
Jacek A. Matyszko hipotezy badawczej, analiza pisSmiennictwa,
opracowanie metodologii, przygotowanie
manuskryptu  pracy, korekta i ostateczne
opracowanie = manuskryptu,  nadzér  nad
ostateczng formg manuskryptu
dr hab. n. med. wykonanie bazy danych, zbieranie danych i ich 3,0%
Anna Waszczuk- opracowanie
Gajda
prof. dr hab. n. med. | wykonanie bazy danych, zbieranie danych i ich 4,0%
Ryszard Drozdz opracowanie, analiza 1 interpretacja wynikow
pracy, ostateczne opracowanie manuskryptu,
nadzor nad ostateczng formg manuskryptu
prof. dr. hab. n. med. | ostateczne opracowanie manuskryptu, nadzor 4,0%
Marek Kuzniewski nad ostateczng formg manuskryptu
prof. UJ, dr hab. n. opracowanie koncepcji badania oraz stworzenie 10,0%

med. Katarzyna

Krzanowska

hipotezy badawczej, wykonanie bazy danych,
zbieranie danych i ich opracowanie, analiza
analiza
badan
manuskryptu

I interpretacja  wynikéw  pracy,

piSmiennictwa, opracowanie
i metodologii,
pracy,

1 ostateczne opracowanie manuskryptu, nadzor

przygotowanie

weryfikacja wynikow, wizualizacja

nad ostateczng forma manuskryptu

Oswiadczam, ze wszyscy wspotautorzy wyrazili zgode na wykorzystanie powyzszej

publikacji w pracy doktorskiej lek. Matgorzaty Banaszkiewicz.
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Krakéw, dnia 17.01.2022

Lek. Matgorzata Banaszkiewicz
Katedra Nefrologii, Dializoterapii i Transplantologii

Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Evaluating the Relationship of GDF-15 with Clinical
Characteristics, Cardinal Features, and Survival in Multiple Myeloma” opublikowane;j
w Mediator of Inflammation, vol. 2020, 2020, str 5657864 oswiadczam, iz mo6j whasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie

pracy w formie publikacji polegat na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie pi$miennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.
Procentowy udziat w jego powstanie okreslam na ok 33%

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czg$¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz przy opracowywaniu koncepcji,

wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikdéw tej pracy.
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Warszawa, dnia 17.01.2022 r.
Prof. dr hab. n. med. Jolanta Matyszko

Klinika Nefrologii, Dializoterapii i Choréb Wewnetrznych

Warszawski Uniwersytet Medyczny

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Evaluating the Relationship of GDF-15 with Clinical
Characteristics, Cardinal Features, and Survival in Multiple Myeloma” opublikowanej
w Mediator of Inflammation, vol. 2020, 2020, str 5657864 o$wiadczam, iz méj whasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji wynosi 7,0 % i polegat na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawcze;j;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie, interpretacji i weryfikacji wynikow tej pracy;

- analizie pi$miennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji, korekcie i ostatecznym opracowaniu manuskryptu;

- nadzorze nad ostateczng forma manuskryptu.

Jednoczesnie wyrazam zgod¢ na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czg¢$¢ rozprawy doktorskiej w formie spOjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.
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Krakow, dnia 17.01.2022 r.
Lek. Krzysztof Batko

Katedra Nefrologii, Dializoterapii i Transplantologii

Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Evaluating the Relationship of GDF-15 with Clinical
Characteristics, Cardinal Features, and Survival in Multiple Myeloma” opublikowane;j
w Mediator of Inflammation, vol. 2020, 2020, str 5657864 oswiadczam, iz mo6j whasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji wynosi 4,0 % i polegat na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie pis$miennictwa;

- weryfikacji wynikow;

- przygotowaniu oprogramowania;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

Jednoczesnie wyrazam zgode na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako cz¢$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

i (podpis wspétautora)
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Biatystok, dnia 17.01.2022 r.
Dr hab. n. med. Ewa Koc-Zdérawska

IT Klinika Nefrologii z Oddziatem Leczenia
Nadci$nienia Tetniczego i Pododdziatem Dializoterapii

Uniwersytet Medyczny w Bialymstoku

OSWIADCZENIE

Jako wspdtautor pracy pt. ,,Evaluating the Relationship of GDF-15 with Clinical
Characteristics, Cardinal Features, and Survival in Multiple Myeloma” opublikowanej
w Mediator of Inflammation, vol. 2020, 2020, str 5657864 o$wiadczam, iz méj whasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji wynosi 4,0 % i polegat na:

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- ostatecznym opracowaniu manuskryptu.

Jednoczesnie wyrazam zgod¢ na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czg¢$¢ rozprawy doktorskiej w formie spOjnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie pismiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

{podpis wspdétautera)
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Biatystok, dnia 17.01.2022 r.
Dr hab. n. med. Marcin Zoérawski

Zaktad Medycyny Klinicznej
Uniwersytet Medyczny w Biatymstoku

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Evaluating the Relationship of GDF-15 with Clinical
Characteristics, Cardinal Features, and Survival in Multiple Myeloma” opublikowane;j
w Mediator of Inflammation, vol. 2020, 2020, str 5657864 oswiadczam, iz mo6j whasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji wynosi 4,0 % i polegat na:

- opracowaniu badan i metodologii;

- korekcie manuskryptu.

Jednoczesnie wyrazam zgod¢ na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czg¢$¢ rozprawy doktorskiej w formie spOjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie pismiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

(podpis wspolautora)
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Krakéw, dnia 17.01.2022 r.
Dr n. med. Paulina Dumnicka

Zaktad Diagnostyki Medyczne;j

Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Evaluating the Relationship of GDF-15 with Clinical
Characteristics, Cardinal Features, and Survival in Multiple Myeloma” opublikowane;j
w Mediator of Inflammation, vol. 2020, 2020, str 5657864 o$wiadczam, iz méj whasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji wynosi 5,0 % i polegat na:

- wykonaniu analizy statystycznej i interpretacji wynikow tej pracy;

- opracowaniu danych;

- opracowaniu badan i metodologii;

- ostatecznym opracowaniu manuskryptu

Jednoczesnie wyrazam zgod¢ na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czg¢$¢ rozprawy doktorskiej w formie spOjnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.
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(podpis wspotautora)
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Krakéw, dnia 17.01.2022 r.
Prof. dr hab. n. med. Artur Jurczyszyn
Klinika i Katedra Hematologii
Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspoétautor pracy pt. . ,,Evaluating the Relationship of GDF-15 with Clinical
Characteristics, Cardinal Features, and Survival in Multiple Myeloma” opublikowane;j
w Mediator of Inflammation, vol. 2020, 2020, str 5657864 oswiadczam, iz mo6j whasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji wynosi 4,0 % i polegat na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie 1 interpretacji wynikow tej pracy;

- analizie pis$miennictwa;

- opracowaniu badan i metodologii;

- weryfikacji wynikow;

- wizualizacji i ostatecznym opracowaniu manuskryptu;

- nadzorze nad ostateczng forma manuskryptu.

Jednoczesnie wyrazam zgode na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako cz¢$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej
- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryp
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Krakéw, dnia 17.01.2022 r.
Lek. Karolina Woziwodzka

Katedra Nefrologii, Dializoterapii i Transplantologii

Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Evaluating the Relationship of GDF-15 with Clinical
Characteristics, Cardinal Features, and Survival in Multiple Myeloma” opublikowanej
w Mediator of Inflammation, vol. 2020, 2020, str 5657864 oswiadczam, iz mo6j whasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji wynosi 4,0 % i polegat na:

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- analizie 1 interpretacji wynikow tej pracy;

- weryfikacji wynikow

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

Jednoczesnie wyrazam zgode na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako cze$¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

{podpis wspdtautora)
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Krakéw, dnia 17.01.2022 r.
Mgr Joanna Tisonczyk

Zaktad Diagnostyki Medyczne;j

Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Evaluating the Relationship of GDF-15 with Clinical
Characteristics, Cardinal Features, and Survival in Multiple Myeloma” opublikowanej
w Mediator of Inflammation, vol. 2020, 2020, str 5657864 oswiadczam, iz mo6j whasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji wynosi 3,0 % i polegat na:

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie pi$miennictwa, opracowaniu badan i metodologii.

Jednoczesnie wyrazam zgod¢ na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czg¢$¢ rozprawy doktorskiej w formie spOjnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

(podpis wspotautora)
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Krakéw, dnia 17.01.2022 r.
Dr hab. n. med. Marcin Krzanowski

Katedra Nefrologii, Dializoterapii i Transplantologii

Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Evaluating the Relationship of GDF-15 with Clinical
Characteristics, Cardinal Features, and Survival in Multiple Myeloma” opublikowane;j
w Mediator of Inflammation, vol. 2020, 2020, str 5657864 o$wiadczam, iz moj wlasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji wynosi 4,0 % i polegat na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie pi$miennictwa, opracowaniu badan i metodologii;

- weryfikacji wynikéw;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

Jednoczesnie wyrazam zgod¢ na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czg¢$¢ rozprawy doktorskiej w formie spOjnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Malgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

(podpis wspdtautora)
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Biatystok, dnia 17.01.2022
Prof. dr hab. n. med. Jacek A. Matyszko
I Klinika Nefrologii i Transplantologii z Osrodkiem Dializ
Uniwersytet Medyczny w Biatymstoku

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Evaluating the Relationship of GDF-15 with Clinical
Characteristics, Cardinal Features, and Survival in Multiple Myeloma” opublikowane;j
w Mediator of Inflammation, vol. 2020, 2020, str 5657864 o$wiadczam, iz méj whasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji wynosi 7,0 % i polegat na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- korekcie i ostatecznym opracowaniu manuskryptu;

- nadzorze nad ostateczng forma manuskryptu.

Jednoczesnie wyrazam zgod¢ na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czg¢$¢ rozprawy doktorskiej w formie spOjnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie pi$miennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

(podpis wspotautora)
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Warszawa, dnia 17.01.2022 r.
Dr. hab. n. med. Anna Waszczuk-Gajda
Klinika Hematologii, Transplantologii i Chorob Wewngtrznych

Warszawski Uniwersytet Medyczny

OSWIADCZENIE

Jako wspodtautor pracy pt. . ,,Evaluating the Relationship of GDF-15 with Clinical
Characteristics, Cardinal Features, and Survival in Multiple Myeloma” opublikowane;j
w Mediator of Inflammation, vol. 2020, 2020, str 5657864 oswiadczam, iz mo6j whasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji wynosi 3,0 % i polegat na:

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu.

Jednoczesnie wyrazam zgod¢ na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czg¢$¢ rozprawy doktorskiej w formie spOjnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie pismiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

Ano. WonQude-Geydo-

(podpis wspolautora)
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Krakéw, dnia 17.01.2022 r.
Prof. dr hab. n. med. Ryszard Drozdz

Zaktad Diagnostyki Medyczne;j

Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Evaluating the Relationship of GDF-15 with Clinical
Characteristics, Cardinal Features, and Survival in Multiple Myeloma” opublikowane;j
w Mediator of Inflammation, vol. 2020, 2020, str 5657864 o$wiadczam, iz méj whasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji wynosi 4,0 % i polegat na:

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- ostatecznym opracowaniu manuskryptu;

- nadzorze nad ostateczng forma manuskryptu.

Jednoczesnie wyrazam zgod¢ na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czg¢$¢ rozprawy doktorskiej w formie spOjnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

.-"..

4 r
AL A

iy

(podpis wspolautora)
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Krakéw, dnia 17.01.2022 r.
Prof. dr. hab. n. med. Marek Kuzniewski

Katedra Nefrologii, Dializoterapii i Transplantologii

Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Evaluating the Relationship of GDF-15 with Clinical
Characteristics, Cardinal Features, and Survival in Multiple Myeloma” opublikowanej
w Mediator of Inflammation, vol. 2020, 2020, str 5657864 o$wiadczam, iz méj whasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji wynosi 4,0 % i polegat na:

- ostatecznym opracowaniu manuskryptu;

- nadzorze nad ostateczng forma manuskryptu.

Jednoczesnie wyrazam zgod¢ na przedtozenie ww. pracy przez lek. Maltgorzate
Banaszkiewicz jako czg¢$¢ rozprawy doktorskiej w formie spOjnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.
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Krakow, dnia 17.01.2022 r.
Prof. UJ, dr hab. n. med. Katarzyna Krzanowska

Katedra Nefrologii, Dializoterapii i Transplantologii

Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Evaluating the Relationship of GDF-15 with Clinical Characteristics,
Cardinal Features, and Survival in Multiple Myeloma” opublikowanej w Mediator of Inflammation, vol.
2020, 2020, str 5657864 os$wiadczam, iz mdj wihasny wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 10,0 %
i polegat na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- pozyskaniu finansowania;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- weryfikacji wynikow;

- wizualizacji i ostatecznym opracowaniu manuskryptu;

- nadzorze nad ostateczng forma manuskryptu.

Jednoczesnie wyrazam zgod¢ na przedlozenie ww. pracy przez lek. Malgorzate Banaszkiewicz
jako cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutldw opublikowanych
w czasopismach naukowych.

Oswiadczam, iz samodzielna 1 mozliwa do wyodrebnienia cze§¢ ww. pracy
wykazuje indywidualny wkiad lek. Malgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie 1 interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

(podpis wspotautora)
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“The Key Role of Hepcidin-25 in Anemia in Multiple Myeloma Patients with Renal

Impairment.” Autorzy: Malgorzata Banaszkiewicz, Jolanta Matyszko, Krzysztof Batko,

Ewa Koc-Zoérawska, Marcin Zérawski, Paulina Dumnicka, Artur Jurczyszyn, Karolina

Woziwodzka, Aleksandra Maleszka, Marcin Krzanowski, Andrzej Krasniak, Ryszard
Drozdz, Katarzyna Krzanowska. Medicina, 2022, 58, 417.

Imi¢ i nazwisko

wspotautora

Charakter udziatu

Procentowy
wktad

lek. Matgorzata

Banaszkiewicz

opracowanie koncepcji badania oraz stworzenie
hipotezy badawczej, wykonanie bazy danych,
zbieranie danych i ich opracowanie, analiza
1 interpretacja wynikdw pracy, analiza
pismiennictwa, opracowania badan
I metodologii, przygotowanie manuskryptu
pracy, wizualizacja i ostateczne opracowanie

manuskryptu

33,0%

prof. dr hab. n. med.
Jolanta Matyszko

opracowanie koncepcji badan oraz stworzenie
hipotezy badawczej, wykonanie bazy danych,
zbieranie danych i ich opracowanie, analiza,
interpretacja 1 weryfikacja wynikow pracy,
analiza piSmiennictwa, opracowanie badania
i metodologii, przygotowanie manuskryptu
pracy, Wwizualizacja, korekta i ostateczne
opracowanie  manuskryptu,  nadzér  nad

ostateczng formg manuskryptu

7,5%

lek. Krzysztof Batko

opracowanie koncepcji badania oraz stworzenie
hipotezy badawczej, wykonanie bazy danych,
zbieranie danych i ich opracowanie, analiza
i interpretacja wynikow  pracy, analiza
pisSmiennictwa, weryfikacja wynikow,
przygotowanie oprogramowania, wizualizacja

I ostateczne opracowanie manuskryptu

5,5%

dr hab. n. med. Ewa

Koc-Zorawska

wykonanie oznaczen laboratoryjnych, zbieranie

danych i ich opracowanie, analiza i interpretacja

4,5%
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wynikow tej pracy, ostateczne opracowanie

manuskryptu

dr hab. n. med

Marcin Zorawski

wykonanie oznaczen laboratoryjnych,

opracowanie badan 1 metodologii, korekta

manuskryptu

4,5%

dr n. med. Paulina

Dumnicka

wykonanie analizy statystycznej i interpretacji

wynikow pracy, opracowanie danych,

opracowanie metodologii, ostateczne

opracowanie manuskryptu

6,0%

prof. dr hab. n. med.

Artur Jurczyszyn

opracowanie koncepcji badania oraz stworzenie
hipotezy badawczej, wykonanie bazy danych,
zbieranie danych i ich opracowanie, analiza

pracy,

opracowanie

analiza
badan

1 interpretacja  wynikow
piSmiennictwa,
1 metodologii,

weryfikacja ~ wynikow,

wizualizacja 1 ostateczne
manuskryptu,

manuskryptu

opracowanie

nadzor nad ostateczng forma

5,0%

lek. Karolina

Woziwodzka

wykonanie bazy danych, zbieranie danych i ich
opracowanie, opracowanie koncepcji badania
oraz stworzenie hipotezy badawczej, analiza
i interpretacja wynikéw pracy, weryfikacja
wynikow, analiza piSmiennictwa, opracowanie
badan 1 metodologii, wizualizacja 1 ostateczne

opracowanie manuskryptu

5,5%

mgr Aleksandra

Maleszka

wykonanie bazy danych, zbieranie danych i ich

opracowanie

3,5%

dr hab. n. med.

Marcin Krzanowski

opracowanie koncepcji badania oraz stworzenie
hipotezy badawczej, wykonanie bazy danych,

zbieranie danych i ich opracowanie, analiza

1 interpretacja  wynikdw  pracy, analiza
piSmiennictwa, opracowania metodologii,
weryfikacja ~ wynikow, przygotowanie

manuskryptu pracy, wizualizacja i ostateczne

5,0%
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opracowanie manuskryptu

dr hab. n. med. ostateczne opracowanie manuskryptu, nadzor 4,5%
Andrzej Krasniak nad ostateczng formg manuskryptu
prof. dr hab. n. med. | wykonanie bazy danych, zbieranie danych i ich 4,5%
Ryszard Drozdz opracowanie, analiza 1 interpretacja wynikow

pracy, ostateczne opracowanie manuskryptu,

nadzor nad ostateczng formg manuskryptu
prof. UJ, dr hab. n. opracowanie koncepcji badan oraz stworzenie 11,0%

med. Katarzyna

Krzanowska

hipotezy badawczej, wykonanie bazy danych,
zbieranie danych i ich opracowanie, analiza
1 interpretacja wynikdw pracy, analiza
pisSmiennictwa, opracowanie  metodologii,
przygotowanie manuskryptu pracy, weryfikacja
wynikow, wizualizacja i ostateczne opracowanie
manuskryptu, nadzor nad ostateczng forma

manuskryptu

Oswiadczam, ze wszyscy wspotautorzy wyrazili zgode na wykorzystanie powyzszej

publikacji w pracy doktorskiej lek. Malgorzaty Banaszkiewicz

n :
Qﬁ\?g..\.m;).\,.c.,.;;.&x_.. ..........
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Krakéw, dnia 16.03.2022

Lek. Matgorzata Banaszkiewicz
Katedra Nefrologii, Dializoterapii i Transplantologii

Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspotautor pracy pt. ,,The Key Role of Hepcidin-25 in Anemia in Multiple
Myeloma Patients with Renal Impairment™” opublikowanej w Medicina, vol. 58, 2022, str 417
oswiadczam, iz moj wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie

1 opracowanie badan oraz przedstawienie pracy w formie publikacji polegat na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.
Procentowy udzial w jego powstanie okres§lam na ok 33%

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz przy opracowywaniu koncepcji,

wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikdéw tej pracy.

\v\”/ff\, V\(:L, L \,Q./ Jﬁ S Vs
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Warszawa, dnia 16.03.2022 r.
Prof. dr hab. n. med. Jolanta Matlyszko

Klinika Nefrologii, Dializoterapii i Chor6b Wewngtrznych

Warszawski Uniwersytet Medyczny

OSWIADCZENIE

Jako wspotautor pracy pt. ,,The Key Role of Hepcidin-25 in Anemia in Multiple
Myeloma Patients with Renal Impairment” opublikowanej w Medicina, vol. 58, 2022, str 417
oswiadczam, iz modj wilasny wktad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 7,5 % i polegat na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie, interpretacji i weryfikacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji, korekcie i ostatecznym opracowaniu manuskryptu;

- nadzorze nad ostateczng forma manuskryptu.

Jednoczesnie wyrazam zgode na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.
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Krakow, dnia 16.03.2022 r.
Lek. Krzysztof Batko

Katedra Nefrologii, Dializoterapii i Transplantologii

Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspotautor pracy pt. ,,The Key Role of Hepcidin-25 in Anemia in Multiple
Myeloma Patients with Renal Impairment” opublikowanej w Medicina, vol. 58, 2022, str 417
oswiadczam, iz moj wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 5,5 % i polegat na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie pis$miennictwa;

- weryfikacji wynikow;

- przygotowaniu oprogramowania;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

Jednoczesnie wyrazam zgod¢ na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czg¢$¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie pi$miennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

(podpis wspdtautora)
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Biatystok, dnia 16.03.2022 r.
Dr hab. n. med. Ewa Koc-Zdérawska

IT Klinika Nefrologii z Oddziatem Leczenia
Nadcisnienia T¢tniczego i Pododdziatem Dializoterapii

Uniwersytet Medyczny w Bialymstoku

OSWIADCZENIE

Jako wspotautor pracy pt. ,,The Key Role of Hepcidin-25 in Anemia in Multiple
Myeloma Patients with Renal Impairment” opublikowanej w Medicina, vol. 58, 2022, str 417
o$wiadczam, iz moj wiasny wklad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 4,5 % i polegat na:

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- ostatecznym opracowaniu manuskryptu.

Jednoczesnie wyrazam zgode na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czg$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

(podpis wspotautora)
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Biatystok, dnia 16.03.2022 r.
Dr hab. n. med. Marcin Zoérawski

Zaktad Medycyny Klinicznej
Uniwersytet Medyczny w Biatymstoku

OSWIADCZENIE

Jako wspoétautor pracy pt. ,,The Key Role of Hepcidin-25 in Anemia in Multiple
Myeloma Patients with Renal Impairment” opublikowanej w Medicina, vol. 58, 2022, str 417
oswiadczam, iz moéj wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 4,5 % i polegat na:

- opracowaniu badan i metodologii;

- korekcie manuskryptu.

Jednoczesnie wyrazam zgod¢ na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czg¢$¢ rozprawy doktorskiej w formie spOjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie 1 interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

{podpis wspdlautora)
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Krakéw, dnia 16.03.2022 r.
Dr n. med. Paulina Dumnicka

Zaktad Diagnostyki Medyczne;j

Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspoétautor pracy pt. ,,The Key Role of Hepcidin-25 in Anemia in Multiple
Myeloma Patients with Renal Impairment” opublikowanej w Medicina, vol. 58, 2022, str 417
oswiadczam, iz moéj wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 6,0 % i polegat na:

- wykonaniu analizy statystycznej i interpretacji wynikow tej pracy;

- opracowaniu danych;

- opracowaniu badan i metodologii;

- ostatecznym opracowaniu manuskryptu

Jednoczesnie wyrazam zgod¢ na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czg¢$¢ rozprawy doktorskiej w formie spOjnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.
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(podpis wspotautora)
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Krakéw, dnia 16.03.2022 r.
Prof. dr hab. n. med. Artur Jurczyszyn
Klinika i Katedra Hematologii

Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspotautor pracy pt. ,,The Key Role of Hepcidin-25 in Anemia in Multiple
Myeloma Patients with Renal Impairment” opublikowanej w Medicina, vol. 58, 2022, str 417
o$wiadczam, iz moj wilasny wklad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 5,0 % i polegat na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie 1 interpretacji wynikow tej pracy;

- analizie pis$miennictwa;

- opracowaniu badan i metodologii;

- weryfikacji wynikow;

- wizualizacji i ostatecznym opracowaniu manuskryptu;

- nadzorze nad ostateczng forma manuskryptu.

Jednoczesnie wyrazam zgode na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czeg$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.




Krakéw, dnia 16.03.2022 r.
Lek. Karolina Woziwodzka

Katedra Nefrologii, Dializoterapii i Transplantologii

Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspoétautor pracy pt. ,,The Key Role of Hepcidin-25 in Anemia in Multiple
Myeloma Patients with Renal Impairment” opublikowanej w Medicina, vol. 58, 2022, str 417
oswiadczam, iz moj wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 5,5 % i polegat na:

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- analizie i interpretacji wynikow tej pracy;

- weryfikacji wynikéw

- analizie pi$miennictwa, opracowaniu badan i metodologii;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

Jednoczesnie wyrazam zgod¢ na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czg¢$¢ rozprawy doktorskiej w formie spOjnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgS¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

& (podpis wspotautora)
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Krakow, dnia 16.03.2022 r.
Mgr Aleksandra Maleszka
Zaktad Diagnostyki Medycznej

Szpital Uniwersytecki w Krakowie

OSWIADCZENIE

Jako wspotautor pracy pt. ,,The Key Role of Hepcidin-25 in Anemia in Multiple
Myeloma Patients with Renal Impairment” opublikowanej w Medicina, vol. 58, 2022, str 417
oswiadczam, iz moj wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie

i opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 3,5 % i polegat na:

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu.

Jednoczesnie wyrazam zgod¢ na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czg¢$¢ rozprawy doktorskiej w formie spOjnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

(podpis wspotautora)
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Krakéw, dnia 16.03.2022 r.
Dr hab. n. med. Marcin Krzanowski

Katedra Nefrologii, Dializoterapii i Transplantologii

Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspotautor pracy pt. ,,The Key Role of Hepcidin-25 in Anemia in Multiple
Myeloma Patients with Renal Impairment” opublikowanej w Medicina, vol. 58, 2022, str 417
oswiadczam, iz moj wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie
1 opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 5,0 % i polegat na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie pismiennictwa, opracowaniu badan i metodologii;

- weryfikacji wynikow;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

Jednoczesnie wyrazam zgod¢ na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czg¢$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

Dr hab. n. med. Marcip Krzanowski
specjalista chorgb wewpfetrznych

(podpis wspdtautora)
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Krakow,16.03.2022 r.
Dr hab. n. med. Andrzej Kra$niak

Katedra Nefrologii, Dializoterapii i Transplantologii

Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspoétautor pracy pt. ,,The Key Role of Hepcidin-25 in Anemia in Multiple
Myeloma Patients with Renal Impairment” opublikowanej w Medicina, vol. 58, 2022, str 417
oswiadczam, iz moj wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 4,5 % i polegat na:

- ostatecznym opracowaniu manuskryptu;

- nadzorze nad ostateczng forma manuskryptu.

Jednoczesnie wyrazam zgod¢ na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czg¢$¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru
artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie pi$miennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

A\ dwe o

(po wspolautora)
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Krakéw, dnia 16.03.2022 r.
Prof. dr hab. n. med. Ryszard Drozdz

Zaktad Diagnostyki Medyczne;j

Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspoétautor pracy pt. ,,The Key Role of Hepcidin-25 in Anemia in Multiple
Myeloma Patients with Renal Impairment” opublikowanej w Medicina, vol. 58, 2022, str 417
oswiadczam, iz moj wilasny wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji wynosi 4,5 % i polegat na:

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- ostatecznym opracowaniu manuskryptu;

- nadzorze nad ostateczng forma manuskryptu.

Jednoczesnie wyrazam zgod¢ na przedtozenie ww. pracy przez lek. Matgorzate
Banaszkiewicz jako czg¢$¢ rozprawy doktorskiej w formie spOjnego tematycznie zbioru
artykutéw opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wktad lek. Matgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie pismiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.

A

(podms wspdlautora)
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Krakoéw, dnia 16.03.2022 r.
Prof. UJ, dr hab. n. med. Katarzyna Krzanowska

Katedra Nefrologii, Dializoterapii i Transplantologii

Collegium Medicum Uniwersytet Jagiellonski

OSWIADCZENIE

Jako wspodtautor pracy pt. ,,The Key Role of Hepcidin-25 in Anemia in Multiple Myeloma
Patients with Renal Impairment” opublikowanej w Medicina, vol. 58, 2022, str 417 o$§wiadczam, iz moj
wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz
przedstawienie pracy w formie publikacji wynosi 11,0 % i polegat na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie 1 interpretacji wynikow tej pracy;

- pozyskaniu finansowania;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- weryfikacji wynikow;

- wizualizacji i ostatecznym opracowaniu manuskryptu;

- nadzorze nad ostateczng formg manuskryptu.

Jednoczes$nie wyrazam zgod¢ na przedlozenie ww. pracy przez lek. Malgorzate Banaszkiewicz
jako cze$¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru artykutldw opublikowanych
w czasopismach naukowych.

Oswiadczam, iz samodzielna 1 mozliwa do wyodrebnienia czgS¢ ww. pracy
wykazuje indywidualny wkiad lek. Malgorzaty Banaszkiewicz polegajacy na:

- opracowaniu koncepcji badan oraz stworzeniu hipotezy badawczej;

- wykonaniu bazy danych, zbieraniu danych i ich opracowaniu;

- analizie i interpretacji wynikow tej pracy;

- analizie piSmiennictwa, opracowaniu badan i metodologii;

- przygotowaniu manuskryptu pracy;

- wizualizacji i ostatecznym opracowaniu manuskryptu.
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Rozdzial 14.
Zgoda Komisji Bioetycznej, opinia i akceptacja poprawek

OPINIA
nr 1072.6120.248.2017 z dnia 39 listopada 2017 roku

Na zebraniu w dniu 30 listopada 2017 1. Komisja zapoznata sie
z wnioskiem z dnia 16 listopada 2017 r.
zlozonym:
przez kierownika tematu: dr hab. n. med. Katarzyna Krzanowska
zatrudnionego Katedra i Klinika Nefrologii UJCM

31 - 501 Krakéw, ul. Kopernika 15¢

oraz jego merytorycznym uzasadnieniem dotyczacym przeprowadzenia
eksperymentu  medycznego pt. ,.Nowe markery uszkodzenia nerek,
wystgpowania ryzyka choréb sercowo — naczyniowych oraz zburzen
gospodarki zelazowej pacjentdw z rozpoznanym szpiczakiem mnogim”.

Do wniosku dolaczono:
. Protokot badania, wersja 17 dnia 16,11.2017 r.

1

2. Informacja dla uczestnika badania, wersja | z dnia 16.11.2017 1.

3. Pormularz $wiadomej zgody uczestnika badania, wersja 1 z dnia 16.11.2017 r.

4. Zgoda na przetwarzanie danych osobowych i wglad do dok Ji medyeznej uczestnika badania, wersja
| zdnia [6.11.2017 r,

5. Lista pi$miennictwa,

6. Zgoda Kierownika Katedry i Kliniki Nefrologii UJCM na realizacje badania.

7. Zyciorys naukowy Whioskodawey.

8. Otwiadezenie o realizacji projektu w ramach prac badawezych UJ/UJCM wersja 1 z dnia 16.11.2017 r.

Komisja  wyraza pozytywna opini¢ w  sprawie przeprowadzenia
wnioskowanego badania - na warunkach okreslonych we wniosku oraz
dodatkowo zastrzegajae:

1/ obowigzek uzyskania pisemnej zgody kazdej osoby wyrazajacej wolg (gotowosé) udziatu
w danym cksperymencie, zgodnie z obowiazujgeym przepisami,

2/ obowigzek przedstawienia Komisji:

- wszystkich zmian w protokole majgeych wplyw na przebieg oraz oceng badania,

- zawiadomienia o przyczynach przedwezesnego zakoriczenia badania,

- sprawozdania w toku przeprowadzanych badafi - co szesé miesigcy,

- raportu koncowego,

3/ warunek uwzglednienia w kryteriach wylaczenia zespotu kruchosci.

Badanie moze by¢ prowadzone do dnia 30 listopada 2018 roku.

Sklad i dziatanie Komisji zgodne z GCP oraz wymogami lokalnymi.
Lista czlonkéw Komisji bioracych udzial w posiedzeniu stanowi
zalgcznik do niniejszego dokumentu.

Krakéw, dnia 30 listopada 2017 r.

UNIWERSYTET
JAGIELLONSKI
W KRAKOWIE

Komisja Bioetyczna
Uniwersytetu

Jagiellofiskiego

ul. Podwale 3/5

PL 31-118 Krakdw

tel. +48 (12) 37 04 386
kbet@cm-uj.krakow.p!

www.kbet.cm-uj.krakow.pl

130



Lista czlonkow KOMISJI BIOETYCZNET UJ biorgeych udzial w podjeciu uchwaty dotyczacej
opinii nr 1072.6120.248.2017:

1. Przewodniczgey: prof. dr hab. med. Piotr Thor — lekarz — chirurg ogdlny/urolog =
2. Z-ca Przewodniczacego: mgr Alicja Widera - psycholog kliniczny C . ‘v’g’x ®ip
"
s HE T an P e — lekarz — chirure oedlny/kardiochir YINA Qe (A
3. prof. dr hab. med. Roman Pfitzner — lekarz — chirurg ogdIny/kardiochirurg } VA L & | \ l k_\‘,
n i

4. dr hab. med. Ewa Konduracka, prof. UJ — lekarz — internista/kardiolog

5. dr hab. med. Klaudia Stangel-Wéjcikiewicz ~ lekarz — ginekolog-poloznik

N
R ‘
F\\\)
LI
LN
M
N\
N
N

6. dr hab. med. Ewa Cichocka-Jarosz — lekarz - pediatra/alergolog Pz

7. dr hab. n. med. Tomasz Kaczmarzyk — lekarz stomatolog — chiturg slomatolog%/

8. dr hab. med. Piotr Major — lekarz — chirurg ogélny H \Q/\/
L@

9. dr hab. Jerzy Brusite OFMConv. - duchowny B““ FOA B

10.dr med. Aleksandra Goszez — lekarz — internista/farmakolog kliniczny AA ¢ os2y
Ul

11.dr med. Stefan Bednarz — lekarz — internista :'F E
e -S>

12.dr med. Bartosz Grabski — lekarz — psychiatra/seksuolog

13.mgr Leszek Kadzicla — radca prawny l)\/ / / /
5 /
\ |

14. Jolanta Kope¢ — polozna \ftj ‘V u ,I/(L ) ‘é,
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AKCEPTACJA
UNIWERSYTET

dot. opinii nr: 1072.6120.248.2017 z dnia 30 listopada 2017 roku JAGIELLONSKI

W KRAKOWIE
TYTUL BADANIA:

»Nowe markery uszkodzenia nerek, wystepowania ryzyka choréb
sercowo-naczyniowych oraz zaburzen gospodarki zelazowej pacjentéw
z rozpoznanym szpiczakiem mnogim™

WNIOSKODAWCA: Komisja Bioetyczna
dr hab. n. med. Katarzyna Krzanowska )

Katedra i Klinika Nefrologii UJ CM Uniwersytetu
31-501 Krakéw, ul. Kopernika 15¢ Jagiellofskiego

PRZEDSTAWIONE DOKUMENTY:

1} Zgloszenie poprawki z dnia 06.09.2018 r.;

2) Protokét badania — wersja 2 z dnia 03.09.2018 r.;

3) Zgoda na przetwarzanie danych osobowych i wglad do dokumentacji
medycznej uczestnika badania — wersja 2 z dnia 03.09.2018 r.

Komisja Bioetyczna Uniwersytetu Jagielloniskiego na posiedzeniu w dniu
20 wrzednia 2018 r., po zapoznaniu si¢ z wyzej wymienionymi
dokumentami, pozytywnie zaopiniowala zgloszong poprawke.

Lista cztonkéw Komisji Bioetycznej biorgeych udziat w posiedzeniu:

Przewodniczacy: prof. dr hab. med. Piotr Thor — lekarz — chirurg ogélny/urolog
Zastgpea przewodniczgeego: mer Alicja Widera — psycholog kliniczny

Czionkowie:

prof. dr hab. med. Roman Ptitzner — Ickarz — chirurg ogony/kardiochirurg

dr hab. med. Klaudia Stangel-Wajcikiewicz — lekarz — ginekolog-polozmik

dr hab. med. Ewa Cichocka-Jarosz — Iekarz — pediatrafalergolog

dr med. Aleksandra Goszcz — Iekarz — internista/farmakolog kliniczny

dr med. Stefan Bednarz — lekarz — internista — przedstawiciel Okregowej Rady [Lekarskiej
w Krakowie

mgr Leszek Kadziela - radea prawny

Jolanta Kopeé — potozna

Sklad i dzialanic Komisji zgodne z GCP oraz wymogami lokalnymi
ul. Grzegérzecka 20

PL 31-531 Krakéw

Krakéw, 20 wrzesnia 2018 r. ) tel. + 48 (12) 433 27 39

+ 48 (12} 433 27 43

1 L

/_ﬁ kbet@cm-uj.krakow.pl
> www.kbet.cm-uj. krakow. pl
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AKCEFTACIA
dot. (;pinii nr: 1072.6120.243.2017 z duia 30 iistapada 2017 roku

TYTUL BADANIA:

JNows merkery uszkodzenia nerek, wystgpowania ryzyka chordh
sercowo-naczyniowych oraz zaburzefi gospodarki selazowej pacjentow
z rozpoznanym szpiczakiem mnogin” o

WNIGSKODAWCA:

dr hab. n. med. Katarzyna Krzanowska
Katedra i klinika Nefrologii UJ CM
31-501 Krakdw, ul. Kopernika 15¢

PRZEDSTAWIONE DOKUMENTY :

Zgfoszenie poprawki z dnia 11 pefdziernika 2018 1. dotyczgeej wyrazenia
zgody Komisji Bicetycznej Uniwersytciu Jagiellofskiego na przedinzenie
badania do 31 grudnia 2020 roke.

Koinisja E'ioeiyczm Uniwersytetu .‘Ja@'elloﬁsk_icgcu ne posiedzeniu w dniu
25 pazdziernika 2018 r., po zapoznanin sig z wyzej wymienionym dokumenten
pozytywaie zaopiniowala zgtoszong poprawke.

Lista cztonkéw Komisfi Bioetycziiej bioracych udzial w posiedzeniu:

Przewodniczacy: prof. dr hab. med. Piolr Thor — ielkarz — chirurg ogélny/urolog
Zastepea przewodniczacego: mgr Alicja Widera — psycholog klinicxny

Czlonkowig:

prof. dr hab. med. Roman Flitzner — lekarz — chirurg ogdloy/kardiochirurg

dr hab. med. Dwa Konduracka, prof. UJ — lekarz — internista/kardiolog

dr hab. med. Ewa Cichocka-Jarosz — lekarz — pedistra/alergolog

dr hab. n. med. Tomayy Kaczmarzyk, prof. UJ — lekarz stematolog — chirurg stomatolog,
dr hab. Jerzy Drusit ‘MCony. — duchowny

dr med. Aleksandra z— lekarz — internista/farmakolog kliniczny

dr med. Stefan Bednarz = lekarz — internista — przedstawiciel Okregowe Rady Lekarskiej
w Krakowie ’

mgr Leszek Kadziela —radca prawny

Jjolania Koped — polozna

Skiad i dziatande Komisfi zgodne z GUP orax wymogami loknlnymi

Krakdw, 25 pazdziernika 2018 1.

UMNIWERSYTET
JAGIELLONSKI
W OKRAKOWIIE

Komigja Bivsiyczng
Unhwersytzto

Jagislinfigkinas

L Sryegiirzecks 20

I3

PLO31-531 Krakdw

tal + 48 112) 483 27 38
+ 48 (123 433 27 44

khet@om-ul krakow, pl

s koeb.oiul keakowe.p
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