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Abstract

Antibody-drug conjugates are novel agents used in the treatment of hematologic malignancies. 
These drugs consist of a cytotoxin and monoclonal antibody, which enables this cytotoxin to target 
cancer cells while sparing other cells. These drugs are used in monotherapy or as an addition to 
existing chemotherapy schemes. Antibody-drug conjugates are currently used in patients with 
advanced hematologic malignancies under certain conditions, usually concerning prior refractoriness 
to other drugs. However, antibody-drug conjugates are gradually rescheduled to earlier phases of 
therapy due to numerous proofs of their clinical efficacy. Therefore, they may help to achieve cures for 
patients whose diseases remain incurable. Furthermore, many of these drugs were already approved, 
and many more are in various phases of clinical trials. Altogether these drugs represent a new and 
very promising direction in the development of anti-cancer pharmacotherapeutics. Therefore, further 
research on drugs of this category may yield breakthroughs in future hematology and medicine.
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Introduction

The discovery that some cytotoxic agents may be helpful in the 
treatment of cancer was hampered by the concomitant finding 
that they were also toxic to normal cells and that their specificity 
for cancer cells is limited. Hence, one of the significant research 
directions has focused on either finding or developing agents that 
would specifically target cancer cells. The breakthrough was the 
development of monoclonal antibodies that could bind to speci-
fic molecules on the surface of cancer cells. Unfortunately, such 
antibodies have prompted the death of cells they have recognized 
in some cases. This was the case of anti-CD20 antibodies such as 
rituximab in B-cell lymphomas or anti-HER2 antibodies such as 
trastuzumab in breast cancer. However, such antibodies did not 
produce desired effects in many other situations: they have only 
recognized cancer cells without further consequences. Then the 
concept of arming such antibodies with toxins has emerged. Such 
armed antibodies were later termed antibody-drug conjugates 
(ADCs,) and some of them have already been introduced into 
clinical practice [1,2]. This review will only concern ADCs regis-
tered and used in hematology, which are: gemtuzumab ozogami-
cin, brentuximab vedotin, inotuzumab ozogamicin, polatuzumab 
vedotin, belantamab mafodotin, moxetumomab pasudotox, and 
loncastuximab tesirine. They are listed in Table 1. 

The ADC, as mentioned, is composed of an antibody recogni-
zing a specific molecule on the surface of specific cancer cells and 
a cytotoxic drug. This drug is attached to a monoclonal antibody 
with a linker, which must be stable enough not to get degraded 
by endogenous proteases before ADC is taken to cancer cells. Of 
course, the target antigen should be as specific for cancer cells as 
possible [1,2]. When the antibody binds to its target, the whole 
ADC is internalized. After endocytosis, the linker alone or both an-
tibody and linker are degraded through enzymatic proteolysis in 
lysosomes. This leads to the release of the cytotoxic drug, which 
finally causes the death of cancer cells by interfering with their 
critical molecules [1-4]. The mechanism of their action is shown 
in Figure 1. 

Apart from the classical mode of action of ADCs described in 
the previous paragraph, there exists a phenomenon termed «bys-
tander killing effect». It refers to the situation when due to a high 
drug to antibody ratio, the drug may be released from the antibo-
dy prior to internalization of ADC and exert direct cytotoxic action 
[5]. This mechanism may allow achieving therapeutic activity of 
the drug even in tumors with low expression of a target mole-
cule for an antibody carrier. The bystander killing effect has been 
described for therapy targeting HER2 in breast cancer [5,6] and 
in other solid tumors [7]. However, this effect has also been ob-
served in experimental models of hematological malignancies [8]. 

Table 1: Antibody-drug conjugates registered by FDA for the use in hematologic cancers.

ADC name Registration date Indications Conditions Target antigen

gemtuzumab ozogamicin May 2000 AML
R/R
newly diagnosed

CD33

brentuximab vedotin August 2011 HL, ALCL, T-cell lymphomas Relapse (≥2 unsuccessful therapies) CD30

inotuzumab ozogamicin August 2017 ALL
R/R
newly diagnosed

CD22

polatuzumab vedotin June 2019 DLBCL R/R (≥2 unsuccessful therapies) CD79b

belantamab mafodotin August 2020 MM R/R (≥4 unsuccessful therapies) BCMA

moxetumomab pasudotox September 2018 HCL Relapse (≥2 unsuccessful therapies CD22

loncastuximab tesirine April 2021 DLBCL R/R (≥2 unsuccessful therapies) CD19

Figure 1: Principle of action of antibody-drug conjugates.
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It has been observed that ADCs have a general preference to 
reach cancer cells located in the blood or at the vicinity of blood 
vessels since these locations are more accessible for them fol-
lowing i.v. administration. It is some limitations, but on the other 
hand, it seems sufficient for fighting blood neoplasia [1]. Like any 
other drug, the efficacy of ADCs is dependent on their pharmaco-
kinetics. The optimization of chemical groups in linkers’ structure 
seems to be the decisive factor in drug efficacy and specificity 
[4,9]. 

Gemtuzumab ozogamicin

Gemtuzumab ozogamicin (GO) is composed of calicheamicin 
linked to a humanized monoclonal antibody anti-CD33. CD33 is 
present on cells of approximately 90% of acute myeloid leukemia 
(AML), which was the basis for selecting this target [10,11]. Cali-
cheamicin is a cytotoxic antibiotic isolated from Micromonospora 
echinospora subsp. calichensis. Monoclonal antibodies and cali-
cheamicin are conjugated through an acid-labile hydrazone linker 
[12]. GO was first approved in May 2000 by FDA for patients in the 
first relapse of CD33-positive AML above 60 years of age, who did 
not qualify for aggressive chemotherapy [13]. Afterward, the drug 
was withdrawn in 2010 and re-approved in September 2017 for 
adults with newly diagnosed CD33+ AML and for R/R CD33+ AML 
patients ≥2 years old [14]. 

According to meta-analysis, the addition of GO to standard 
daunorubicin+cytarabine (DA) chemotherapy produced a reduc-
tion of relapse risk, as well as an increase of overall 5-year survival 
without a significant increase in complete remission (CR) rate 
[15,16]. In another study, induction therapy of adult AML patients 
with the combination of chemotherapeutics - fludarabine, cytara-
bine, idarubicin (FLAI) + GO - produced a CR rate of 82% [17]. Fur-
thermore, in children for whom GO was added to induction treat-
ment with cytarabine, daunorubicin, etoposide (ADE), there was 
a significant decrease in MRD levels [18]. Moreover, the drug was 
also evaluated in monotherapy, producing an overall response 
rate (ORR) of 26% [10]. 

Evaluation of the relationship between the level of CD33 ex-
pression and GO efficacy did not yield definitive results [19]. CD33 
has a function of the inhibitory receptor. Its phosphorylation 
inhibits the secretion of pro-inflammatory cytokines (TNF-α, IL-
1β, IL-8) and downregulates the myeloid line of hematopoiesis. 
Inversely, reduction of CD33 receptors on the surface might in-
crease cell proliferation. Therefore, reducing the expression of 
CD33 receptors may contribute to a more aggressive phenotype 
of leukemia. Consequently, leukemic cells of favorable genotype 
with higher CD33 expression would be more sensitive to chemo-
therapy and destroyed more effectively [20]. Similarly, concern-
ing cytogenetic alterations: some studies have only shown an 
improvement for patients with favorable cytogenetics [10,15], 
while others failed to confirm this phenomenon [19]. However, 
it is more probable that patients with CD33 activating mutations 
have more considerable benefits from the treatment [21]. For in-
stance, this phenomenon was documented for NPM1 positive pa-
tients [22] or patients with acute promyelocytic leukemia (APL). In 
this case, GO was given in combination with arsenic trioxide and 
all-trans retinoic acid [23]. 

GO was ineffective as monotherapy in pediatric patients [11]. 
The drug used after post-consolidation therapy did not improve 

either median time to relapse or relapse rate. It was also inef-
fective in prolonging 5-year survival and event-free survival rates 
[24]. As before, the relationship to the level of CD33 expression 
remained unclear [25]. It also concerned the results of their next 
study, in which GO in combination with conventional chemothera-
py significantly improved event-free survival and reduced relapse 
risk in KMT2A-r AML, both overall and in higher- and lower-risk 
KMT2A-subsets [26]. Although GO was reported to have a gene-
rally acceptable profile of adverse events significant neutropenia 
and thrombocytopenia were observed in almost all patients in the 
first weeks of the treatment [10,24]. The drug is even described 
to be toxic to platelet production [22]. Other significant adverse 
events were: hyperbilirubinemia [15], sepsis [10], and veno-occlu-
sive disease [27]. Especially this last complication, which was ini-
tially associated with the transplantation of hematopoietic cells, 
is unique as drug toxicity. It hinges on the occlusion of small veins 
in the liver resulting in ascites and hyperbilirubinemia. If severe, it 
may cause the death of affected patients [28]. 

Brentuximab vedotin

Brentuximab vedotin (BV) is composed of chimeric anti-CD30 
antibody and cytotoxic drug auristatin E [29]. CD30 molecule 
on lymphoma cells stimulates their growth and survival [30,31] 
through the activation of the NF-κB pathway. Auristatin is a natu-
ral cytostatic microtubule inhibitor isolated from mollusk Dorabel-
la auricularia. Monomethyl auristatin E (MMAE) is attached to a 
monoclonal antibody with peptide valine-citrulline linker [12,32]. 
BV was first approved in August 2011 by FDA [9] to treat clas-
sical Hodgkin’s lymphoma (HL) and systemic anaplastic large cell 
lymphoma (ALCL) after a relapse (≥2 ineffective therapies) or af-
ter previous hematopoietic stem cell transplantation (HSCT). This 
situation concerns 15-30% of HL patients [33]. This approval was 
expanded in 2017 to cutaneous anaplastic large cell lymphoma 
and CD30-expressing mycosis fungoides [34]. Further approvals in 
2018 expanded use of BV to first-line treatment of stage III and IV 
classical Hodgkin lymphoma in combination with chemotherapy 
[35] and to previously untreated systemic anaplastic large cell 
lymphoma or other CD30-expressing peripheral T-cell lymphomas 
also in combination with chemotherapy [36].

Standard chemotherapy in newly diagnosed HL produces PFS 
of 75-80%, but is substantially less effective in R/R disease. There-
fore, it implies a need for modern chemotherapeutics, like ADCs 
[37,38]. ORR depending on the study, was 60% [29,39] or 75% 
[30] of patients with relapsed/refractory HL and 88% [39] or 86% 
[30] cases of R/R ALCL. In these two diseases together, ORR was 
estimated to be 68 % [39], 75% [40]. Another study estimated 
overall survival (OS) after 20 months as 73.8% [37]. Notably, BV 
prolonged 5-year progression-free survival (PFS) (59% vs. 41%) 
versus placebo, as consolidation treatment in patients at high risk 
of a relapse or progression [41]. 

BV was also tested with promising results in patients with other 
hematologic malignancies. These diseases included diffuse large 
B cell lymphoma (DLBCL), primary mediastinal lymphoma and 
Sézary syndrome [42,43]. Naturally, in all these diseases, there 
might be an expression of CD30, but no correlation between anti-
gen expression and response to BV has been observed for periph-
eral T-cell lymphomas, as an example. Sometimes the response 
was even possible while CD30 remained undetected [43].
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Interestingly, there is an ability to successfully perform the 
allo-HSCT procedure after BV treatment, although the high inci-
dence of graft versus host disease has been reported [40]. 

Common adverse effects of BV treatment included: peripheral 
sensory or motor neuropathy, which was the most significant, but 
also present were less severe – nausea, diarrhea, arthralgia, or 
pyrexia [39]. Other authors also reported pulmonary toxicity [30], 
hyperkalemia [43], thrombocytopenia and neutropenia, or severe 
states, such as arrhythmia or septic shock [38]. Sensory neuropa-
thy was described to occur in 42-66% of patients. It tended to 
resolve after 12 weeks of therapy with physical exercises sessions 
[37,44]. 

Inotuzumab ozogamicin

Inotuzumab ozogamicin (IO) is composed of humanized anti-
CD22 monoclonal antibody conjugated through acid-labile hydra-
zone linker with calicheamicin [12]. This ADC was registered in 
August 2017 for patients with refractory/resistant acute lympho-
blastic leukemia (R/R ALL). CD22 is present on the surface of >90% 
of normal B lymphocytes [9,45] and is also expressed on cells of 
the majority of B cell lymphomas, for example, chronic lympho-
cytic leukemia (CLL), follicular lymphoma (FL), marginal zone lym-
phoma (MZL) and DLBCL. Therefore, it may lead to IO approval in 
new indications in the near future [46].

A randomized study showed a significant increase in CR rate 
(80.7% vs. 29.4%) [47]. Moreover, duration of remission, OS, 
PFS, and the rate of MRD negativity among patients with CR was 
higher. This time IO in monotherapy was compared to a ‘standard 
therapy’, which included several treatment possibilities chosen by 
an investigator. In this study, both Philadelphia chromosome (Ph) 
positive and negative patients were included [47]. The obtained 
results were similar, but in this case, IO therapy was also proven 
to increase patients’ chance for HSCT after the treatment [48]. In 
another study increased rate of patients with MRD-negativity and 
longer PFS was observed in the IO group [49].

There are also studies evaluating the effect of IO concerning 
mutations underlying ALL. Lower response rates are generally 
achieved in Ph+ patients with ALL (negative predictive factor), and 
also these with translocation (4;11) or chromosome 17 alterations 
[50]. Even if Ph+ patients manage to achieve CR or MRD-negativ-
ity after IO therapy, they often experience relapses [51], and IO 
does not affect their survival time, even after HSCT. Considering 
the fact that Ph+ patients have limited treatment options and the 
occurrence of resistance mutations is high (BCR-ABL kinase inhibi-
tors), there is a need for new agents in this indication [52]. 

ALL is more common in pediatric patients (about 30 % of all di-
agnoses), in whom standard chemotherapy gives much better re-
sults than in adult patients. Nevertheless, there are also pediatric 
ALL patients who are not cured by chemotherapy, and they need 
new therapeutic approaches. Moreover, there is a need for less 
toxic therapies [53]. Initial results of phase I studies of IO seem 
promising since investigated patients achieved ORR of 80% and 
MRD-negativity of 84%. However, 1-year OS of 40% was yet far 
from desired. The treatment was generally well tolerated by in-
vestigated pediatric patients [54].

In combination with mini hyper-cyclophosphamide, vincris-
tine, and dexamethasone (Mini-HCVD), IO was reported to pro-

duce CR in 98% (vs. 88% in HCVAD control) of elderly patients. 
Moreover, IO increased 3-year event-free survival rate (49% vs 
29%), and OS rate (54% vs 32%). All investigated patients were Ph-
negative. Some patients from the IO+Mini-HCVD group were also 
treated with blinatumomab, which could affect final results [55]. 
Blinatumomab is a bispecific antibody registered for R/R ALL and 
considered by some as the first-choice treatment in this case [56].

The most significant adverse effects of IO treatment are veno-
occlusive disease (which is considered the most dangerous for pa-
tients), increased bilirubin, increased liver enzymes, hypotension 
[45,47], abdominal pain [50], leukopenia. In addition, like in other 
ACDs, thrombocytopenia and neutropenia were often reported 
[46].

Polatuzumab vedotin

Polatuzumab vedotin (PV) is made of humanized anti-CD79b 
monoclonal antibody conjugated through peptide valine-citrulline 
linker with MMAE. CD79b antigen has a function of B-cell signaling 
component and is naturally present on the surface of most nor-
mal B lymphocytes and malignant ones [57,58]. PV was registered 
in June 2019 for patients with R/R DLBCL who did not respond to 
at least 2 prior therapies (≥2 in the US, ≥1 in EU) [57,59,60]. 

So far, this drug is suggested to be used only in combination 
with bendamustine and rituximab (polatuzumab-BR treatment) 
in patients who did not qualify for bone marrow transplantation 
[60,61]. However, clinical trials have promising results for the effi-
cacy of PV in combinations with bispecific antibodies, venetoclax, 
or immunomodulating agents. Moreover, trials in patients with FL 
are in progress [62,63]. Polatuzumab-BR therapy is sometimes ac-
companied by chimeric antigen receptor T-cell therapy (CAR-T) [61]. 

CR rate achieved with polatuzumab-BR was estimated as 40% 
vs. 17.5% for BR alone. The increase of OS and PFS rates was also 
observed in the PV group, regardless of cytogenetic status in sub-
groups, for instance, those with MYC or BCL2 overexpression. 
However, more research in this field is necessary to produce pre-
cise data [57]. Another study reported an ORR of 61%, where 40% 
were complete responses [59].

Common adverse effects of PV were neutropenia, anemia, 
thrombocytopenia, pulmonary infection [59], diarrhea, nausea, 
and the most significant one – peripheral neuropathy, already de-
scribed for BV. This last complication was sometimes responsible 
for treatment discontinuation [61].

Belantamab mafodotin

Belantamab mafodotin (BM) is composed of humanized anti-
BCMA (anti-B cell maturation antigen) monoclonal antibody and 
monomethyl auristatin F (MMAF). Both substances are connect-
ed via a protease-resistant maleimidocaproyl linker. BCMA, also 
termed TNFRSF17 or CD269, is essential for myeloma and normal 
plasma cells’ proliferation [64-66]. BM was approved in August 
2020 for patients with R/R MM who had previously been treated 
with ≥4 unsuccessful therapies [65,67,68]. These therapies must 
include anti-CD38 treatment with monoclonal antibodies, im-
munomodulatory agents, and proteasome inhibitors (triple-class 
refractory MM). These patients have a very poor prognosis – me-
dian survival is less than 1 year. The approval of this drug was ac-
celerated by FDA since phases II and III of clinical trials for mono-
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therapy, as well as drugs combinations, are still ongoing [68,69].

ORR in the case of BM used as monotherapy was estimated 
to be 32% [67,70], while the 1-year survival rate was 58% among 
responders [67]. There is a need for more precise data, especially 
from controlled trials, about the drug’s survival rates, response 
rates, data among cytogenetic subgroups, or usage in combina-
tions with other agents.

As for other ADCs, thrombocytopenia and neutropenia were 
reported as common adverse effects of BM treatment. Other less 
severe were pyrexia, diarrhea, chills, or tachycardia. The most 
characteristic ones were keratopathy of corneal epithelium, visual 
acuity, or blurred vision [64,67]. Despite the temporary character 
of these events, patients treated with BM require a multidisci-
plinary approach from hematologists, ophthalmologists, and spe-
cialists to cope with these events. Specific information about the 
management has already been created [71].

Moxetumomab pasudotox

Moxetumomab pasudotox (MP) consists of the recombinant 
murine anti-CD22 monoclonal antibody and bacterial exotoxin 
of Pseudomonas species (PE38). They are connected via a furin-
cleavable linker [60]. PE38 is a 38 kDa fragment of exotoxin A. 
Therefore, MP is an immunotoxin and not a classical ADC, but it 
is included here as belonging to a similar category of compounds 
[72]. Its mechanism of action finally leads to a decrease of con-
centration of myeloid cell leukemia 1 (Mcl-1) protein (antiapop-
totic agent), which may lead to apoptosis of leukemia cells [73]. 
The drug was first registered in September 2018 for patients with 
hairy cell leukemia who had been treated with ≥2 failed therapies, 
including purine analog. This rare B-cells malignancy generally has 
a good response to standard therapy (purine analogs, pentostatin, 
rituximab). However, relapses occur in about half of patients after 
several years of remission [74-77]. 

MP caused OR in about 80% of patients and durable CR in 30% 
of patients. MRD-negativity was achieved in 85% of responders 
[75]. In another study, similar values were estimated as 36% (du-
rable CR) and 82% (MRD-negativity in responders). Moreover, 
among complete responders, the duration of CR at ≥5 years was 
61% [78].

Adverse effects of MP differ from events in therapies with oth-
er ADCs. In this case, common incidents are peripheral edema, 
hemolytic uremic syndrome (HUS), infections, capillary leak syn-
drome (CLS). Less severe events, like headache, nausea, or pyrex-
ia, also happen during therapy [73,75-77]. Anemia, lymphopenia, 
and thrombocytopenia were rare compared to other ADCs [78].

Loncastuximab tesirine

Loncastuximab tesirine (LT) is comprised of humanized anti-
CD19 monoclonal antibody and pyrrolobenzodiazepine dimer 
(PBD) toxin. Both structures are linked through a peptide valine-
alanine linker [79]. LT was registered in April 2021 for patients 
with R/R DLBCL after ≥2 failed standard therapies [80]. However, 
there are also trials for R/R ALL as a possible indication, which 
would be another ADC option for ALL patients, apart from IO [79]. 
Moreover, it is also being developed for FL and mantle cell lym-
phoma in monotherapy and combinations. Numerous potential 
indications for this drug are possible due to the familiar presence 

of the target antigen on the surface of B cells [80].

It is still too early to assess this drug’s efficacy in clinical prac-
tice. However, promising results of the phase I clinical trials are 
already available [81].

Common adverse events of LT therapy are nausea, neutro-
penia, peripheral edema, liver parameters abnormalities [79], 
thrombocytopenia, anemia, pneumonia [80].

Conclusion and future directions

Antibody-drug conjugates are novel and promising pharmaco-
therapeutics for patients with hematologic malignancies. Apart 
from the ADCs described here, over 100 other drugs are currently 
being developed for various indications [60]. Examples include 
denintuzumab mafodotin [82], pinatuzumab vedotin [83], and 
coltuximab ravtansine [84].

Currently, ADCs are not as effective as desired since they did 
not produce cures in cases of hematologic neoplasias in which 
they were used. However, they have been used mainly in patients 
with advanced stages of their disorders whose cells were prese-
lected for resistance to many other agents. Possibly their impact 
would be much more significant if they were moved to use in the 
early phases of treatment, as this was already documented for GO 
and IO [85]. Moreover, further perfection of this technology may 
provide us with more effective compounds. This is the reason why 
ADCs technology will probably remain the object of interest for 
future scientific research. 
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