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ABSTRACT 

Daratumumab is the first approved monoclonal antibody that targets the CD38 
protein on the surface of myeloma cells.  Historically, a well-established anti-my-
eloma protocol included oral melphalan and prednisolone as the standard of 
care.  Apart from this, in a bit longer than two decades the high dose of mel-
phalan followed by autologous stem cell transplantation became the standard 
for young and fit myeloma patients. Simultaneously, the prophylactic treatment 
of frequent and devastating skeletal complications was improved using intra-
venous bisphosphonate. In the following years, there came an era of significant 
improvements in anti-myeloma treatment that had an impact on survival rate 
of elderly and/or frail myeloma patients. The treatment included immunomod-
ulatory drug thalidomide followed by the development of a less toxic and more 
effective analogue lenalidomide. At the same time, bortezomib, a first-in-class 
proteasome inhibitor, was introduced in the therapeutic protocols. Despite these 
improvements in survival, the prognosis remained poor for patients relapsing af-
ter treatment with bortezomib and lenalidomide with a median overall survival 
of only 9 months.  

After the initial dose escalation studies daratumumab resulted in a prolonged 
survival in the absence of significant killing of tumor cells through modulation 
of the immune system or the bone marrow microenvironment. The emerging 
picture showed that the addition of daratumumab alone or in combination 
improved the outcome in all myeloma patients without adding significantly to 
toxicity. Owing to this approach, myeloma patients live longer and have a better 
quality of life and there are further efforts to cure them which represents the 
main therapeutic goal.
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SAŽETAK

Daratumumab je prvo odobreno monoklonsko antitelo koje se vezuje za CD38 
protein na površini ćelija mijeloma. Istorijski gledano, standardni antimijelomski 
protokol bio je oralni melfalan uz prednizolon. Nešto više od dve decenije nakon 
toga  počinje primena visokodoznog melfalana praćenog autolognom transplan-
tacijom matičnih ćelija, što postaje standard lečenja mlađih pacijenata sa mijelo-
mom. Istovremeno, sprovodi se profilaksa čestih i razornih skeletnih komplikacija 
intravenskom primenom  bisfosfonata. U narednim godinama počela je nova era 
značajnih poboljšanja u terapiji mijeloma sa uticajem  na preživljavanje starijih i/
ili “frail” pacijenata imunomodulatornim lekom talidomidom, što je nastavljeno 
primenom njegovog manje toksičnog i efikasnijeg analoga lenalidomida. Istovre-
meno je u terapijske protokole uveden bortezomib, prvi u klasi inhibitora prote-
azoma. Uprkos poboljšanju u preživljavanju, prognoza je ostala loša za pacijente 
sa relapsom nakon terapije bortezomibom i lenalidomidom sa srednjim ukupnim 
preživljavanjem od samo 9 meseci.

Zatim se nakon početnih dozno eskalacionih studija, utvrđuje da daratumumab 
dovodi do produženog preživljavanja u odsustvu značajnog “ubijanja” tumorskih 
ćelija kroz modulaciju imunskog sistema ili mikrookruženja koštane srži. Primena 
daratumumaba samog ili u kombinaciji poboljšala je ishod lečenja svih pacije-
nata sa mijelomom bez značajnog povećanja toksičnosti. Zahvaljujući ovakvom 
pristupu, pacijenti sa mijelomom žive duže i imaju bolji kvalitet života. uz dalje 
napore za njihovo izlečenje, što predstavlja glavni terapijski cilj.
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In a matter of a little more than two decades, we have 
witnessed a tremendous change in the treatment of 
multiple myeloma. Building on the well-established 
regimen of oral melphalan and prednisolone the In-
terGroup Francophone du Myelome improved the out-
comes of young and fit myeloma patients that could 
tolerate the toxicity of high-dose melphalan [1,2]. At 
the same time, prophylactic treatment of frequent and 
devastating skeletal complications of multiple myelo-
ma was improved by the use of intravenous bisphos-
phonate [3]. The next milestones of improvements of 
anti-myeloma treatment that would also have impact 
on the survival of elderly and/or frail myeloma patients 
(Figure 1) was heralded by the observation of anti-my-
eloma activity of thalidomide followed by the develop-
ment of less toxic and more effective analog lenalido-
mide [4,5]. Simultaneously bortezomib, a first-in-class 
proteasome inhibitor, showed promising activity in 
myeloma [6,7].

Despite these improvements in survival, prognosis 
remained poor for patients relapsing after the treat-
ment with bortezomib and lenalidomide with a medi-
an overall survival of only 9 months [8]. Myeloma doc-
tors were dreaming of an antibody that could trans-
form the outcomes for myeloma patients in a manner 
similar to what rituximab had accomplished for pa-
tients with malignant lymphomas. In 2006 Genmab, a 
small Danish-Dutch biotech company, came forward 
with a proposal to test a CD38 antibody (daratumum-
ab) clinically in relapsed-refractory myeloma. The ra-

Tokom nešto više od dve decenije svedočimo velikoj 
promeni u lečenju multiplog mijeloma. Naslanjaju-
ći se na dobro uspostavljen režim koji podrazumeva 
korišćenje melfalana i prednizolona, InterGroup Fran-
cophone du Myelome je poboljšala ishode kod mladih 
i fizički zdravih pacijenata sa mijelomom koji su do-
bro podnosili toksičnost velikih doza melfalana [1,2]. 
Istovremeno, profilaktička terapija čestih i razarajućih 
koštanih komplikacija koje nastaju usled multioplog 
mijeloma unapređena je intravenskom upotrebom bis-
fosfonata [3]. Naredne prekretnice u unapređenju leče-
nja mijeloma koje bi imale uticaja na preživljavanje sta-
rijih i/ili slabih pacijenata koji boluju od mijeloma (Slika 
1) najavljene su posmatranjem efekta koji je talidomid 
imao na lečenje mijeloma nakon čega je usledio razvoj 
njemu analognog lenalidomida koji je manje toksičan 
i efikasniji  [4,5]. Istovremeno je bortezomib, prvi pro-
teazomni inhibitor, pokazao obećavajući učinak u leče-
nju mijeloma [6,7].

Uprkos napretku u preživljavanju, prognoza je 
ostala loša za pacijente kod kojih dolazi do relapsa na-
kon lečenja bortezomibom i lenalidomidom, pri čemu 
njihovo srednje preživljavanje iznosi svega 9 meseca 
[8]. Lekari koji su se bavili lečenjem mijeloma sanjali su 
o pronalaženju antitela koje bi u potpunosti promeni-
lo ishod kod pacijenata koji boluju od mijeloma, slično 
onome što je rituksimab učinio za pacijente obolele 
od malignog limfoma. Jedna mala dansko-holandska 
biotehnološka kompanija, Genmab,  2006. godine je 
predložila kliničko testiranje antitela CD38 (daratumu-

Slika 1. Istorijat i lečenje multiplog mijeloma od 1844. godine do danas Figure 1. History and treatment of multiple myeloma from1844 to the present

Istorija /  
History

Lečenje /  
Treatment

1844
Prvi dokumentovani slučaj /  
First documented case

1845
Postojanje abnormalnih proteina u mokraći 
(kasnije nazvani Bens Džonsovi proteini) / 
Abnormal urine protein, later termed  Bence 
Jones  protein

1895
Opis plazma ćelija /  
Description of  plasma cells

1928
Prva velika serija  

slučajeva mijeloma/  
First large case series  

of myeloma

1939
Identifikovan porast proteina u serumu/ 
Serum protein spike identified

1956
Priznata klasifikacija tipova lakih lanaca 
(kasnije nazvani kappa i lambda) / 
Light chain types (later termed  Cytoge-
netic kappa and lambda classification 
recognized

2005
Međunarodni sistem klasifikacije / 

International staging sistem

2005
Citogenetska klasifikacija / 

Cytogenetic classification

1975
Durie-Samon klasifikacija / 
Durie-Salmon staging system

Uretan / Urethane
1947

Malfalan / Melphalan
1958

Kortikosteroidi / Corticosteroides
1962

Autologna transplantacija/ 
Autologous transplantation

1983 Talidomid/  
Thalidomide
1990 Bortezomib/  

Bortezomib
2002

Lenalidomid /  
Lenalidomide
2002

Čelik i kinin / Steel and quinine
1845

Rabarbara i pomorandžina kora / Rhubarb and orange peel
1844

Preuzeto iz / Adapted from:
Blood 111:2962-2972, 
2008 and  Leukemia 28, 
1122, 2014

Inhibitori HSP90
HDAC inhibitori
Pomalidomid
Karfilzomib
Venetoklaks
Monoklonska  antitela CAR 
T-ćelije/ HSP-90 inhibitors 
HDAC inhibitors 
Pomalidomide 
Carfilzomib 
Venetoclax  
Monocional antibodies 
CAR-T cells

Bolje preživljavanje u svim starosnim grupama uz bortezomib i 
lenalidomid / Improved survival for  all age groups with bortezo-
mib and lenalidomide

5-godišnje preživljavanje prema godištu 
/5-years survival by age
≤65 godina / years   >65 godina / years 
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tionale was a strong expression of the CD38 target by 
myeloma cells and demonstration of the ability of the 
antibody to kill myeloma cells in vitro along with syn-
ergistic anti-myeloma activity when combined with 
lenalidomide or bortezomib [9,10]. However, wide ex-
pression of the multifunctional CD38 molecule in the 
human body and a lack of suitable animal models for 
preclinical testing of potential toxicities caused wor-
ries. Furthermore, the situation was complicated by a 
recent disaster in a clinical trial of a CD28 antibody that 
alerted the authorities to the potential danger of us-
ing monoclonal antibodies for therapy [11]. It was clear 
that the initial testing of daratumumab in a clinical trial 
had to be planned with great care. A very low starting 
dose, one patient included at a time with a sufficient 
observation period to detect potential side effects, 
and small increments of the dose of antibody from 
each cohort of patients to the next was the strategy, 
when starting up in 2008. Since the field was entirely 
new, many adjustments of the first protocol GEN501 
had to be made along the way coming up to a total 
of 14 amendments to the protocol. Slow progress was 
inevitable and at the same time, Genmab, like many 
small biotech companies, was fighting for its life due to 
financial constraints. In the first 4 years of the trial only 
23 patients were enrolled.

Despite a common dream of having a “rituximab 
for myeloma” one day, skepticism prevailed, and when 
the first data from GEN501 were presented at ASH 2011 
it received very little interest and zero citations. The fol-
lowing year, dosing of daratumumab passed 2 and 4 
mg/kg of body weight and the first signs of a response 
started to appear. This changed the whole picture, and 
at ASH 2012 the results of GEN501 received consider-
able interest and 23 citations (Chart 1) (Genmab: Data 
on file). Consequently, enrolment of patients into the 
trial accelerated and a companion study (SIRIUS) in 
North America and combination studies with lenalid-
omide and bortezomib were launched.

As monotherapy, daratumumab improved survival 
considerably. The intention to treat population had a 
median overall survival of 20 months, but perhaps most 
interestingly, daratumumab also prolonged the overall 
survival of the 52% of patients that did not obtain a 
formal response according to IMWG criteria, but only 
stable disease or a minor response, to 18.5 months [12-
14] (Chart 2). This was a doubling of the survival that 
could be expected at that time for patients refractory 
to bortezomib and lenalidomide [8]. The reason for this 
extension of survival in the absence of significant kill-
ing of tumor cells is not well understood, but modula-
tion of the immune system or the bone marrow micro-
environment are likely explanations.

maba) kod relapsirajućeg refraktornog mijeloma.  To 
su obrazložili postojanjem jake ekspresije CD38 u će-
lijama mijeloma i dokazane sposobnosti ovog antitela 
da in vitro ubije ćelije mijeloma uz postojanje sinergi-
stičkog anti-mijelomskog dejstva kada se kombinuje 
sa lanalidomidom ili bortezomibom [9,10]. Međutim, 
visoka ekspresija muktifunkcionalnog molekula CD38 
u ljudskom telu i nedostatak pogodnih životinjskih 
modela za prekliničko testiranje potencijalne toksično-
sti izazvali su zabrinutost. Situaciju je dodatno zakom-
plikovala nedavna katastrofa koja se dogodila prilikom 
kliničkog ispitivanja antitela CD38 koja je vlastima 
skrenula pažnju na potencijalnu opasnost koju može 
da izazove korišćenje monoklonskih antitela u vidu te-
rapije [11]. Bilo je jasno da početna testiranja daratu-
mumaba u okviru kliničkog istraživanja moraju biti pa-
žljivo isplanirana. Kada se počelo sa testiranjem 2008. 
godine primenjena je strategija koja je podrazumevala 
davanje veoma male početne doze jednom po jednom 
pacijentu, uz dovoljno dugačak period posmatranja 
kako bi se otkrili eventualni neželjeni efekti, i malo po-
većanje doze antitela svakoj narednoj grupi pacijenata. 
Pošto je polje istraživanja bilo potpuno novo, prvobitni 
protokol GEN501 je dosta prilagođavan, u hodu, a do 
kraja je uneto čak 14 izmena. Spor napredak je bio nei-
zbežan, a Genmab se istovremeno, poput mnogih dru-
gih malih biotehnoloških kompanija, borio da preživi 
usled finansijskih problema.  Tokom prve četiri godine, 
u istraživanje je uključeno svega 23 pacijenta. 

Uprkos postovanju zajedničkog sna o tome da će 
jednoga dana biti pronađen  ,,rituksimab za mijelom”, 
prevladao je skepticizam i kada su predstavljeni prvi 
rezultati iz GEN501na ASH 2011 za njih je pokazano 
veoma malo interesovanje, a citiranost je bila na nuli.  
Naredne godine, doza daratumumaba je porasla na 2 i 
4 mg/kg telesne težine i odgovor je počeo da se nazire. 
To je promenilo celokupnu sliku i na ASH 2012 rezul-
tati iz GEN501 privukli su znatnu pažnju, a bilo je 23 
citata (Grafikon 1) (Genmab: Podaci u dosijeu). Shodno 
tome, ubrzano je uključivanje pacijenata u istraživanje, 
a u Severnoj Americi započeto je prateće istraživanje 
(SIRIUS), kao i kombinovane studije sa lenalidomidom 
i bortezomibom. 

Monoterapija daratumumabom značajno je po-
boljšala preživljavanje. Ciljana populacija je imala 
srednje preživljavanje 20 meseci, ali još je zanimljivija 
činjenica da je daratumumab produžio ukupno preživ-
ljavanje 52% pacijenata kod kojih nije bilo formalnog 
odgovora prema kriterijumima koje je propisala IMWG 
(International Myeloma Working Group), već samo 
stabilizacije bolesti ili minimalnog odgovora, na 18.5 
meseci  [12-14] (Grafikon 2). Ovo je bilo dvotruko veće 
preživljavanje od očekivanog u to vreme za pacijente 
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Grafikon 1. Prvo kliničko istraživanje upotrebe daratumumaba na ljudima 
GEN501 započelo je u martu 2008. godine. Regrutacija je u početku išla veoma 
sporo i samo 23 pacijenta uključeno je u projekat tokom prve četiri godine. Sa 
prvim znacima kliničke aktivnosti pri dozi od 2 i 4 mg/kg koja je predstavljena 
na ASH 2012 interesovanje je značajno poraslo, ubrzano je uključivanje novih 
pacijenata i prateće istraživanje (SIRIUS) pokrenuto je u Severnoj Americi 
(Genmab: Podaci u dosijeu). 

Chart 1. The first human clinical trial with daratumumab GEN501 started 
in March 2008. The recruitment was initially very slow with only 23 patients 
enrolled in 4 years. With the first sign of clinical activity at 2 and 4 mg/kg 
presented at ASH 2012 interest increased considerably, recruitment for the trial 
accelerated and a companion study (SIRIUS) was initiated in North America 
(Genmab: Data on file)

Maksimalna promena u paraproteinu / Maximal Change of Paraprotein
A: M komponenta u serumu /  
A: serum M-component

B: M komponenta u urinu /  
B: urine M-component

C: slobodni laki lanci u serumu /  
C: serum FLC

Grafikon 2. Monoterapija daratumumabom poboljšala je ukupno 
preživljavanje i kod ispitanika i kod pacijenata kod kojih je odgovor bio 
minimalan (MR) ili je došlo do stabilizacije bolesti (SD) (52%) 

Chart 2. Daratumumab monotherapy improved overall survival both for 
responders (31%) and for patients obtaining only MR or SD (52%)
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In the following years, we could witness a very ac-
tive development program for daratumumab owing 
to collaboration between Genmab and Janssen. Dara-
tumumab was used in all lines of therapy and in com-
bination with all most important drugs used for the 
treatment of myeloma. The emerging picture showed 
that the addition of daratumumab improved the out-
come in all cases without adding significant toxicity. A 
slight increase in the risk of neutropenia and infections 
has been found, but this can be counterbalanced by 
appropriate supportive care. Infusion-related reactions 
were seen in about half of the patients during the first 
infusion but rarely thereafter and were mild in nature. 
The infusion -related reactions and the ease of admin-
istration have been improved by the availability of a 
subcutaneous formulation of daratumumab.

In the present scenario of multiple treatment op-
tions for patients with relapsed refractory myeloma it is 
increasingly difficult to demonstrate improved overall 
survival in clinical trials, but recently an overall survival 
benefit was found for patients receiving daratumumab 
both in the ALCYONE, the POLLUX, the CASTOR, and 
the MAIA trial [15-18].

Worries that an overall survival benefit in one line 
of therapy might translate into a poorer outcome of the 
subsequent line of therapy were not supported. On the 
contrary, the survival benefit from daratumumab was 
carried forward into the subsequent line of therapy as 
shown by the PFS-2 of the MAIA trial (Figure 2) [18]. It 
has also been shown that prolonged treatment with 
daratumumab will result in progressive deepening of 
remission as reflected by MRD negativity (Figure 3) [19]. 

otporne na bortezomib i lenalidomid [8]. Razlog za 
ovo produženje preživljavanja uprkos činjenici da ćeli-
je tumora nisu ubijene nije potpuno jasan, ali moguća 
objašnjenja mogu biti modulacija imunog sistema ili 
koštano mikrookruženje. 

Narednih godina bismo mogli biti svedoci veoma 
aktivnog razvoja programa za upotrebu daratumuma-
ba zahvaljujući saradnji kompanija Genmab i Janssen. 
Daratumumab je korišćen u svim terapijskim linijama i 
u kombinaciji sa svim najvažnijim lekovima koji se kori-
ste za lečenje mijeloma. Pokazalo se da je uvođenje da-
ratumumaba u terapiju poboljšalo ishod lečenja u svim 
slučajevima bez značajnijeg povećanja toksičnosti. 
Utvrđeno je da je rizik od razvoja pojave neutropenije 
i infekcija u blagom porastu, ali stvari se mogu dovesti 
u ravnotežu uz pomoć adekvatne nege. Reakcije iza-
zvane infuzijom bile su prisutne kod otprilike polovine 
pacijenata prilikom prve primene infuzije, ali  nakon 
togsu se retko javljale, i bile su blage. Dostupnost sub-
kutanog daratumumaba povoljno je uticala na reakcije 
usled primene infuzije i olakšala je primenu leka. 

Kako trenutno postoji više opcija za lečenje pacije-
nata sa relapsnim refraktornim mijelomom  sve je teže 
prikazati poboljšanje ukupnog preživljavanja u klinič-
kim istraživanjima, iako je nedavno otkriveno da po-
stoji korist za preživljavanje kod pacijenata koji prima-
ju daratumumab u istraživanjima ALCYONE, POLLUX, 
CASTOR i MAIA [15-18].

Zabrinutost da bi sveukupna korist za preživljava-
nje ostvarena u jednoj liniji terapije mogla loše da se 
odrazi na ishod naredne linije terapije nije potvrđena 
u praksi.  Naprotiv, korist za preživljavanje dobijena 
upotrebom daratumumaba preneta je u sledeću liniju 
terapije kao što je pokazano u PFS-2 u okviru istraživa-
nja MAIA (Slika 3) [18]. Takođe se pokazalo da produže-
no lečenje daratumumabom dovodi do progresivnog 
produbljivanja remisije što se odražava negativnošću 
minimalne rezidualne bolesti (MRD) (Grafikon 4) [19]. 

U okviru studije CASSIOPEIA pokazano je da se do-
davanjem daratumumaba indukcionom tretmanu pre 
autologne transplantacije matičnih ćelija, kao i kasnije 
terapiji održavanja povećava preživljavanje bez pro-
gresije (PFS) i stopa negativnosti minimalne rezidualne 
bolesti (MRD) [20]. 

Pored potrebe za dugoročnim lečenjem, važno je 
primetiti da se tokom lečenja daratumumabom kvali-
tet života postepeno popravlja [21]. Pošto se daratu-
mumab veoma dobro podnosi, i kao jedini lek i u kom-
binaciji sa drugim lekovima, i oslabljeni stariji pacijenti 
mogu imati koristi od lečenja.

Daratumumab deluje na više različitih načina, ali 
nije poznato koji načini su najvažniji, dok su razlozi za 
izostanak odgovora na lečenje daratumumabom ili 
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Chart 3. Rate of MRD negativity (10-5) in the intention to treat population of 
the MAIA trial.
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The CASSIOPEIA study has revealed that adding 
DARA to the induction treatment before autologous 
stem-cell treatment and to the consolidation treat-
ment afterwards increases the PFS and the rate of MRD 
negativity [20]. 

Along with a need for a long-term treatment it is 
important to notice that the quality of life is improving 
over time during treatment with Daratumumab [21]. 
Since daratumumab is so well tolerated both as a sin-
gle agent and combined, frail elderly patients obtain 
benefits from the treatment as well.

Daratumumab has multiple modes of action but 
it is unknown which are the most important and the 
reason for failure to respond to treatment with dara-
tumumab or loss of response are obscure. Some of da-
ratumumab´s modes of action (complement-depen-
dent cytotoxicity (CDC), antibody-dependent cellular 
cytotoxicity (ADCC) and antibody-dependent cellular 
phagocytosis (ADCP)) depend on the level of CD38 ex-
pression. These modes of action may be impaired by a 
low level of expression of CD38, which may occur with 
time as treatment with daratumumab reduces the ex-
pression of CD38 by myeloma cells [22,23]. On the oth-
er hand, the reduced level of CD38 may also be benefi-
cial. The formation of immunosuppressive adenosine is 
inhibited in the bone marrow microenvironment [24]. 
Potentially protective adhesion of myeloma cells to 
stroma is impaired [25]. Apart from this, the formation 
of nanotubes connecting stromal cells with myeloma 

nestanak početnog odgovora nejasni. Neki od načina 
delovanja daratumumaba (citotoksičnost zavisna od 
komplementa (CDC), ćelijska citotoksičnost zavisna od 
antitela (ADCC) i ćelijska fagocitoza zavisna od antite-
la (ADCP)) zavise od jačine ekspresije CD38. Slaba ek-
spresija CD38 može negativno da utiče na ove načine 
delovanja, a do nje može doći vremenom s obzirom na 
to da primena leka daratumumab smanjuje ekspresiju 
CD38 u ćelijama mijeloma [22,23]. S druge strane, sma-
njen nivo CD38 može imati i pozitivan efekat. Stvaranje 
imunosupresivnog adenozina je ometeno u mikro-
okruženju koštane srži [24]. Oslabljeno je potencijalno 
zaštitno pričvršćivanje ćelije mijeloma za stromu [25]. 
Osim toga, blokirno je stvaranje nanotuba koje pove-
zuju stromalne ćelije sa ćelijama mijeloma i prenose 
mitohondrije koje daju energiju ćelijama mijeloma (Sli-
ka 2) [26]. 

U kliničkoj praksi, brz početni odgovor na daratu-
mumab je često praćen dugim periodom sporog ali 
postojanog opadanja M-proteina. U teoriji, za brz po-
četni odgovor na daratumumab mogu biti zaslužni 
CDC, ADCC i ADCP koje najbolje funkcionišu kada je 
ekspresija CD38 visoka. Nakon toga može uslediti dug 
period u kojem značajniju ulogu imaju reprogramira-
nje imunog sistema i modulacija mikrookruženja do 
kojih dolazi zahvaljujući smanjenom stvaranju adeno-
zina, slabijem pričvršćivanju ćelija mijeloma za stromu, 
ometanju stvaranja nanotuba i eleminaciji regulator-
nih T, B i M ćelija [27].

Adipociti /  
Adipocyte

Jezgro /  
Nucleus

Jezgro /  
Nucleus

FFA (slobodne masne kiseline) / FFA

Ćelijsko disanje /  
Mitochondrial respiration

ATP (adenozin trifosfat) / ATP

Ćelija mijeloma / Myeloma cell

Mitohondrijalna biogeneza /  
Mitochondrial  biogenesis

ROS

Oksidativni stres /  
Oxidative stress

Slika 2. Mitohondrije se prenose od stromalnih ćelija do ćelija mijeloma 
putem međusobno povezanih nanotuba koje obezbeđuju energiju i jačaju 
maligni fenotip ćelija mijeloma. Stvaranje nanotuba zavisi od CD38 i može biti 
blokirano od strane CD38 antitela (prilagođeno i preuzeto iz Oncoscience 4, 
173, 2017).

Figure 2. Mitochondria are transferred from stromal cells to myeloma cells 
trough interconnecting nanotubes providing energy and boosting the malignant 
phenotype of the myeloma cell. The formation of nanotubes is dependent 
on CD38 and may be blocked by CD38 antibody (modified and reprinted from 
Oncoscience 4, 173, 2017)
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cells and transferring energizing mitochondria to the 
myeloma cells is blocked (Figure 2) [26]. 

In clinical practice, a rapid initial response to da-
ratumumab is often followed by a long period with 
a slow but steady decline of the M-protein over time. 
In theory, the rapid initial response to daratumumab 
could be due to CDC, ADCC and ADCP that work best 
when CD38 expression is high. This may be followed 
by a long period where reprogramming of the immune 
system and modulation of the microenvironment by 
reduced formation of adenosine, impaired adhesion 
of myeloma cells to stroma, inhibition of formation of 
nanotubes and elimination of regulatory cells of the T, 
B and M cell systems become more important [27].

The introduction of daratumumab in the treat-
ment of patients with myeloma offers a rare com-
bination of a very efficient and well-tolerated new 
treatment modality. Together with the immuno-
modulatory drugs and proteasome inhibitors, it 
represents the first major step away from old-fash-
ioned alkylator based therapy towards a new era 
where the immune system is tuned to cope with 
myeloma. As a result, myeloma patients will sur-
vive longer and live better lives as we systemat-
ically move forward towards the goal of curing 
myeloma.

Conflict of interest: None declared.

Uvođenje daratumumaba u protokol lečenja pa-
cijenata sa mijelomom predstavlja retku kombinaciju 
efikasnog načina lečenja i lečenja koje se dobro pod-
nosi. Zajedno sa imunomodulatornim lekovima i pro-
teazomnim inhibitorima, daratumumab predstavlja 
prvi veliki korak dalje od staromodne terapije zasno-
vane na alkilatorima ka novom dobu u kome je imuni 
sistem podešen tako da može da se bori protiv mije-
loma. Kao rezultat toga, pacijenti oboleli od mijeloma 
živeće duže i bolje kako se budemo sistematski kretali 
ka svom cilju izlečenja mijeloma. 
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LITERATURA / REFERENCES

1. Alexanian R, Haut A, Khan AU, Lane M, McKelvey EM, Migliore PJ, et al. Tre-
atment for multiple myeloma. Combination chemotherapy with different 
melphalan dose regimens. JAMA. 1969 Jun 2;208(9):1680-5. doi: 10.1001/
jama.208.9.1680.

2. Attal M, Harousseau JL, Stoppa AM, Sotto JJ, Fuzibet JG, Rossi JF, et al. A 
prospective, randomized trial of autologous bone marrow transplantation 
and chemotherapy in multiple myeloma. Intergroupe Français du Myélome. 
N Engl J Med. 1996 Jul 11;335(2):91-7. doi: 10.1056/NEJM199607113350204.

3. Berenson JR, Lichtenstein A, Porter L, Dimopoulos MA, Bordoni R, George 
S, et al. Efficacy of pamidronate in reducing skeletal events in patients with 
advanced multiple myeloma. Myeloma Aredia Study Group. N Engl J Med. 
1996 Feb 22;334(8):488-93. doi: 10.1056/NEJM199602223340802.

4. Singhal S, Mehta J, Desikan R, Ayers D, Roberson P, Eddlemon P, et al. Anti-
tumor activity of thalidomide in refractory multiple myeloma. N Engl J Med. 
1999 Nov 18;341(21):1565-71. doi: 10.1056/NEJM199911183412102.

5. Richardson PG, Schlossman RL, Weller E, Hideshima T, Mitsiades C, Davies 
F, et al. Immunomodulatory drug CC-5013 overcomes drug resistance and is 
well tolerated in patients with relapsed multiple myeloma. Blood. 2002 Nov 
1;100(9):3063-7. doi: 10.1182/blood-2002-03-0996.

6. Orlowski RZ, Stinchcombe TE, Mitchell BS, Shea TC, Baldwin AS, Stahl S, et al. 
Phase I trial of the proteasome inhibitor PS-341 in patients with refractory 
hematologic malignancies. J Clin Oncol. 2002 Nov 15;20(22):4420-7. doi: 
10.1200/JCO.2002.01.133.

7. Richardson PG, Barlogie B, Berenson J, Singhal S, Jagannath S, Irwin D, et 
al. A phase 2 study of bortezomib in relapsed, refractory myeloma. N Engl J 
Med. 2003 Jun 26;348(26):2609-17. doi: 10.1056/NEJMoa030288.

8. Kumar SK, Lee JH, Lahuerta JJ, Morgan G, Richardson PG, Crowley J, et al; 
International Myeloma Working Group. Risk of progression and survival in 
multiple myeloma relapsing after therapy with IMiDs and bortezomib: a 
multicenter international myeloma working group study. Leukemia. 2012 
Jan;26(1):149-57. doi: 10.1038/leu.2011.196.

9. Lin P, Owens R, Tricot G, Wilson CS. Flow cytometric immunopheno-
typic analysis of 306 cases of multiple myeloma. Am J Clin Pathol. 2004 
Apr;121(4):482-8. doi: 10.1309/74R4-TB90-BUWH-27JX.

10. Nijhof IS, Groen RW, Noort WA, van Kessel B, de Jong-Korlaar R, Bakker J, 
et al. Preclinical evidence for the therapeutic potential of CD38-targeted 
immuno-chemotherapy in multiple myeloma patients refractory to lenali-
domide and bortezomib. Clin Cancer Res. 2015 Jun 15;21(12):2802-10. doi: 
10.1158/1078-0432.CCR-14-1813.

11. Suntharalingam G, Perry MR, Ward S, Brett SJ, Castello-Cortes A, Brunner 
MD, et al. Cytokine storm in a phase 1 trial of the anti-CD28 monoclonal 
antibody TGN1412. N Engl J Med. 2006 Sep 7;355(10):1018-28. doi: 10.1056/
NEJMoa063842.

12. Lokhorst HM, Plesner T, Laubach JP, Nahi H, Gimsing P, Hansson M, et al. Tar-
geting CD38 with daratumumab monotherapy in multiple myeloma. N Engl 
J Med. 2015 Sep 24;373(13):1207-19. doi: 10.1056/NEJMoa1506348.

13. Lonial S, Weiss BM, Usmani SZ, Singhal S, Chari A, Bahlis NJ, et al. Daratu-
mumab monotherapy in patients with treatment-refractory multiple mye-
loma (SIRIUS): an open-label, randomised, phase 2 trial. Lancet. 2016 Apr 
9;387(10027):1551-60. doi: 10.1016/S0140-6736(15)01120-4.

14. Usmani SZ, Weiss BM, Plesner T, Bahlis NJ, Belch A, Lonial S, et al. Clinical 
efficacy of daratumumab monotherapy in patients with heavily pretreated 
relapsed or refractory multiple myeloma. Blood. 2016 Jul 7;128(1):37-44. doi: 
10.1182/blood-2016-03-705210.

15. Mateos MV, Cavo M, Blade J, Dimopoulos MA, Suzuki K, Jakubowiak A, 
et al. Overall survival with daratumumab, bortezomib, melphalan, and 
prednisone in newly diagnosed multiple myeloma (ALCYONE): a randomi-
sed, open-label, phase 3 trial. Lancet. 2020 Jan 11;395(10218):132-41. doi: 
10.1016/S0140-6736(19)32956-3.

16. Dimopoulos MA, Oriol A, Nahi H, San-Miguel J, Bahlis NJ, Usmani SZ, et al. 
Overall survival with daratumumab, lenalidomide, and dexamethasone in 
previously treated multiple myeloma (POLLUX): A randomized, open-la-
bel, phase III trial. J Clin Oncol. 2023 Mar 10;41(8):1590-9. doi: 10.1200/
JCO.22.00940.



Fladeland Iversen K. i sar.

346      Decembar 2023.  |  Volumen 4 / Broj 4  |  SrPSki MedicinSki čaSoPiS lekarSke koMore

uloga daratumumaba u lečenju multiplog mijeloma

daratumumab for the treatment of multiple myeloma

17. Sonneveld P, Chanan-Khan A, Weisel K, Nooka AK, Masszi T, Beksac M, et 
al. Overall survival with daratumumab, bortezomib, and dexamethasone 
in previously treated multiple myeloma (CASTOR): A randomized, open-la-
bel, phase III trial. J Clin Oncol. 2023 Mar 10;41(8):1600-9. doi: 10.1200/
JCO.21.02734.

18. Facon T, Kumar SK, Plesner T, Orlowski RZ, Moreau P, Bahlis N, et al. Dara-
tumumab, lenalidomide, and dexamethasone versus lenalidomide and 
dexamethasone alone in newly diagnosed multiple myeloma (MAIA): overall 
survival results from a randomised, open-label, phase 3 trial. Lancet Oncol. 
2021 Nov;22(11):1582-96. doi: 10.1016/S1470-2045(21)00466-6.

19. Facon T, Kumar S, Plesner T, Orlowski RZ, Moreau P, Bahlis N, et al; MAIA Trial 
Investigators. Daratumumab plus lenalidomide and dexamethasone for un-
treated myeloma. N Engl J Med. 2019 May 30;380(22):2104-15. doi: 10.1056/
NEJMoa1817249.

20. Moreau P, Attal M, Hulin C, Arnulf B, Belhadj K, Benboubker L, et al. Bor-
tezomib, thalidomide, and dexamethasone with or without daratumumab 
before and after autologous stem-cell transplantation for newly diagnosed 
multiple myeloma (CASSIOPEIA): a randomised, open-label, phase 3 study. 
Lancet. 2019 Jul 6;394(10192):29-38. doi: 10.1016/S0140-6736(19)31240-1.

21. Perrot A, Facon T, Plesner T, Usmani SZ, Kumar S, Bahlis NJ, et al. Health-re-
lated quality of life in transplant-ineligible patients with newly diagnosed 
multiple myeloma: findings from the phase III MAIA trial. J Clin Oncol. 2021 
Jan 20;39(3):227-37. doi: 10.1200/JCO.20.01370.

22. Nijhof IS, Casneuf T, van Velzen J, van Kessel B, Axel AE, Syed K, et al. CD38 
expression and complement inhibitors affect response and resistance to 
daratumumab therapy in myeloma. Blood. 2016 Aug 18;128(7):959-70. doi: 
10.1182/blood-2016-03-703439.

23. Overdijk MB, Verploegen S, Bögels M, van Egmond M, Lammerts van 
Bueren JJ, Mutis T, et al. Antibody-mediated phagocytosis contributes 
to the anti-tumor activity of the therapeutic antibody daratumumab 
in lymphoma and multiple myeloma. MAbs. 2015;7(2):311-21. doi: 
10.1080/19420862.2015.1007813.

24. Horenstein AL, Bracci C, Morandi F, Malavasi F. CD38 in adenosinergic pat-
hways and metabolic re-programming in human multiple myeloma cells: 
in-tandem insights from basic science to therapy. Front Immunol. 2019 Apr 
24;10:760. doi: 10.3389/fimmu.2019.00760.

25. Ghose J, Viola D, Terrazas C, Caserta E, Troadec E, Khalife J, et al. Daratumumab 
induces CD38 internalization and impairs myeloma cell adhesion. Oncoimmu-
nology. 2018 Jul 23;7(10):e1486948. doi: 10.1080/2162402X.2018.1486948.

26. Marlein CR, Piddock RE, Mistry JJ, Zaitseva L, Hellmich C, Horton RH, et al. 
CD38-driven mitochondrial trafficking promotes bioenergetic plasticity in 
multiple myeloma. Cancer Res. 2019 May 1;79(9):2285-97. doi: 10.1158/0008-
5472.CAN-18-0773.

27. Krejcik J, Casneuf T, Nijhof IS, Verbist B, Bald J, Plesner T, et al. Daratumumab 
depletes CD38+ immune regulatory cells, promotes T-cell expansion, and 
skews T-cell repertoire in multiple myeloma. Blood. 2016 Jul 21;128(3):384-
94. doi: 10.1182/blood-2015-12-687749.


