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Abstract

Cancer involves the proliferation of abnormal cells at an accelerated rate, which can have metastatic and invasive
qualities. This illness is a significant public health problem worldwide. Usual treatments are surgery, radiotherapy, and
chemotherapy. The drawback of these strategies is their adverse effects, which is why more specific options have been
sought. Conjugated monoclonal antibodies have been manufactured to achieve this goal. Their structure comprises a
monoclonal antibody, a cytotoxic agent or payload, and a linker, which holds the first two components together. Thanks
to this technology, novel medications have yielded better results than traditional therapies. Through these findings, 11
drugs in this therapeutic category are being marketed worldwide. As a complement, significant advances in treating this
pathology have led to continued research. In the short term, more conjugated monoclonal antibodies are expected to be
approved by health authorities such as the United States Food and Drug Administration and the European Medicines
Agency.
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1. Introduction

Cancer is the first disease to provoke death before the age of 70 in most countries [1]. This disorder is characterized by
the proliferation of abnormal cells at an accelerated rate, which can have metastatic and invasive qualities. It is not
caused exclusively by external agents [2-4].

Currently, there are various therapeutic options, the most common being chemotherapy, radiotherapy, and surgery [3].
However, the search continues for more specific therapies with fewer adverse effects [5], among which biological
therapies can be mentioned, such as monoclonal antibodies [6]. An antibody or immunoglobulin is a glycoprotein
complex produced and secreted by plasma cells, a specific type of B lymphocytes [7]. The main classification is based on
the ability to recognize and bind to epitopes. Monoclonals exclusively recognize one epitope, while polyclonals respond
to multiple targets [7, 8].

Monoclonal antibodies result from the fusion of a stem cell and a B lymphocyte clone, integrating the characteristics of
both elements [9]. Their mechanism of action is that, due to their high specificity and reproducibility, they block the
responses of abnormal proteins and genes with the subsequent destruction of malignant cells [10, 11].

In addition, their utilization as conjugates with cytotoxic agents linked by a chemical linker has been investigated. These
molecules combine the specificity of monoclonal antibodies to develop a therapy that targets surface receptors
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associated with a tumor and, upon binding, releases the agent, causing cell death [12, 13]. Since this strategy reduces
the side effects on healthy cells and is presented as an effective treatment against cancer, numerous drugs have been
approved for human use. Therefore, the present review aims to investigate the production of conjugated monoclonal
antibodies and their applications in cancer treatment.

2. General description of an antibody

Antibodies have a structure comprising four polypeptides, two heavy chains, and two light chains [14]. These chains
have a constant and a variable portion, joined by non-covalent bonds of disulfide bridges, which get a “Y” shape. In the
upper part of the arms, there is the antigen-binding fragment (Fab), whose function is antigenic binding. This union can
be monovalent if it occurs in only one arm or bivalent if it happens in both. At the bottom of the molecule is the
crystallizable fragment (Fc), constituted of the two heavy chains. This domain has effector functions such as activating
specialized lymphocytes and complement and phagocytosis [8, 15].

3. Classification of monoclonal antibodies

According to their origin, they can be classified into four types. Those of murine origin were the first to be produced in
large quantities for clinical employment [10]. Subsequently, chimeric antibodies were the first fabricated through
genetic engineering. They retain only mouse genetic sequences for the variable regions of the glycoprotein [8]. Then,
humanized antibodies were generated by including the mouse complementarity-determining regions in the human
immunoglobulins [15]. 95 % of its structure is human [16]. Finally, human glycoproteins were achieved thanks to
strategies such as transgenic animals with human Ig genes. They are better tolerated, less antigenic, and remain in
circulation longer than the other classes [16].

4. Principal characteristics of conjugated monoclonal antibodies

In a conjugated monoclonal antibody, the Ig is combined with a radioactive particle or a cytotoxic drug or payload
through a chemical linker [17-19], as seen in Figure 1. The first allows specific antigen recognition in tumor cells,
leading to a decrease in systemic toxicity and resistance generation [17, 18]. The target tumor antigen must be
overexpressed in the cancer cells, the agent must be highly cytotoxic as the molecules in the Ig is low, and the binding
must be stable in the bloodstream and must release the agent in the target cells [20].
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Figure 1 General structure of a conjugated monoclonal antibody.

These molecules enhance the balance between tolerance and efficacy of the cytotoxic agents, given that they have high
specificity, allowing the pharmacodynamics and pharmacokinetics to be improved [21], including distribution,
metabolism, excretion, and parameters such as volume of distribution (Vd), half-life (t1/2), clearance, and area under
the curve (AUC) [22, 23]. The pharmacokinetics of these drugs are mainly affected by the antibody characteristics
because it represents 90 % of its molecular weight, so the optimal isotype must be sought to provide remarkable efficacy
and appropriate parameters [22]. Most of the payloads in clinical studies used the IgG1 isotype, which is additionally
capable of generating antibody-dependent cellular cytotoxicity (ADCC) and complement-dependent cellular
cytotoxicity (ACC) [19].

On the other hand, the chemical linker allows the release of the cytotoxic component at the site of action. The linker

must remain stable in the blood circulation to allow the payload to remain bound to the antibody as it is distributed to
cancer cells but to tolerate efficient release when internalization occurs [23].
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Two linker types are currently utilized: cleavable and non-cleavable [23]. The former can be used to design internalizing
or non-internalizing conjugated monoclonal antibodies since the cytotoxic agent release must be within the lysosome,
cytosol, or extracellular tumor environment. The proteases release the payload [24]. Once released, it can induce cancer
cell death, and this mortality can provoke the release of proteolytic enzymes, generating additional liberation of the
cytotoxic agent [25].

On the other side, conjugated monoclonal antibodies with non-cleavable linkers need to be internalized because to
release the cytotoxic agent, the antibody has to be degraded by endosomal or lysosomal proteases. This type of linker
has greater efficacy for treating cancer that expresses an antigen at high levels and for hematological tumors [24].
Furthermore, they can occasion less off-target toxicity, given that they have more stability in plasma [26].

Besides, the molecule coupled to the monoclonal antibody is responsible for the cytotoxic effect on cancer cells [27]. It
must meet a series of characteristics: the covalent attachment to the linker must not interfere with its activity, has
physicochemical properties that allow the antibody to be formulated for intravenous (IV) administration, be stable at
the lysosome pH, and has an average inhibitory concentration lower than the nanomolar range since only 1 to 2 % reach
its intracellular target [18]. Nonetheless, due to their low efficacy and high toxicity, payloads are employed as conjugates
with antibodies to provide targeted therapy and augment the therapeutic index [28].

Finding cytotoxic agents that comply with all the above is difficult. Most drugs that have been developed belong to the
maytansinoid, calicheamicin, and auristatin families [18]. Also, payloads such as pyrrolobenzodiazepine (PBD),
duocarmycins, and camptothecin derivatives have been manufactured [29]. The main characteristics of these
substances are summarized in Table 1.

Table 1 Characteristics of the families of cytotoxic drugs employed to develop conjugated monoclonal antibodies.

Family Description

Maytansinoids | They are natural cytotoxic agents that inhibit tubulin, an essential protein for the formation of
[15,26,30-32] |microtubules. They are derived from the macrolide maytansine, isolated from the bark of the
Maytenus serrata plants. The semisynthetic maytansinoid compounds emtansine (DM1) and
ravtansine (DM4) are frequently contemplated.

Calicheamicins | They are enediyne antibiotics isolated from the bacteria Micromonospora echinospora. They bind
[16,27,30-33] |to the minor groove of DNA, causing the breakage of the double helix chain and leading to cell
cycle arrest and apoptotic cell death. Some types of calicheamicin are y1, a2, a3, and N-acetyl-y1.

Auristatins [15, |Auristatin is a synthetic analog of dolastatin, isolated from the mollusk Dolabella auricularia, with

26, 30-32] the ability to block tubulin polymerization. Its derivatives, monomethyl auristatin E (MMAE) and
monomethyl auristatin F (MMAF) have been studied. Structurally, MMAF has a phenylalanine at
the C-terminus, which implies that it is impermeable to the membrane, while MMAE can diffuse
and attack more cells.

Camptothecin [16, | Itis a natural alkaloid with cytotoxic properties thatinduce double-strand DNA breakage, forming

26,31,34-36] |a stable complex between DNA and topoisomerase I (TOPO-I) and causing apoptosis. SN-38 and
DXd are camptothecin analogs. The first is an active metabolite of irinotecan, which is three times
more potent, and DXd is an exatecan derivative.

PBD [31, 32,37- |They are natural products with anti-tumor properties obtained from bacteria of the Streptomyces

39] genus. They alkylate minor grooves in the DNA by binding to guanine, damaging the genetic
material, which leads to cell cycle arrest and cell apoptosis. Some examples are SG1882, SG2057,
and SG3199.

There is a limited number of payloads that can be efficiently administered into target cells since only 1.56 % of the
administered cytotoxic molecules manage to enter them, assuming that the biodistribution efficiency, antigen binding,
internalization, release, intracellular stability, and target binding are 50 %. However, it is estimated that this percentage
may be much lower, so to maximize efficacy, the cytotoxic potency has to be high enough to eradicate cancer cells
effectively [20].
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Moreover, these drugs are administered intravenously, avoiding degradation by gastric acid in the gastrointestinal tract
[40]. When it reaches the blood, the antibody finds and binds to the antigen, with the consequent internalization of the
drug-antigen complex through endocytosis in the target cells. There, it will be processed within the lysosomes,
provoking linker cleavage due to the proteases in the lysosome or acidic pH, which allows the payload to be released
within the cancer cell, triggering its death [40, 41].

5. Applications of conjugated monoclonal antibodies against cancer

Cancer is a significant public health problem worldwide, being the second cause of death in the United States, with
nearby 608,570 deaths in 2021 (around 1,700 people daily). The types that originate the most significant number of
deceases are lung, breast, and colorectal in women and lung, colorectal, and prostate in men [42]. Although there is a
considerable number of new anticancer drugs, millions of people continue to die [43].

Nevertheless, the number of survivors is continually growing because of advances in early detection and treatment [44,
45]. Despite all the advances, there is still a long way to go to achieve safer and more effective therapies that improve
patients' quality of life. That is why scientists have investigated conjugated monoclonal antibodies in cancer treatment.
Several have been approved by the United States Food and Drug Administration (FDA) and the European Medicines
Agency (EMA) [29, 46, 47].

6. Approved conjugated monoclonal antibodies

6.1. Gemtuzumab ozogamicin

It is a humanized IgG4 monoclonal antibody directed against CD33. It is covalently linked to the payload N-acetyl-
gamma-calicheamicin [48]. Among the indications that the FDA has approved for this medication are the treatment of
newly diagnosed CD-33 positive acute myeloid leukemia (AML) in adults and relapsed or refractory CD-33 positive in
adults and children from 2 years of age [49].

CD33 is a transmembrane protein expressed on the surface of cells associated with myeloid differentiation that belongs
to the sialic acid-binding immunoglobulin-like lectin family [50]. CD33 has an inhibitory function. When the cytoplasmic
immunoreceptor tyrosine-based inhibitory motif (ITIM) sequence is phosphorylated, the phosphatases SHP-1 and SHP-
2 are recruited, causing negative regulation of cellular activation in myeloid cell lines. When it binds to an antibody, the
complex is internalized, allowing it to be an excellent therapeutic target, especially since around 90 % of adult and
pediatric individuals with AML are CD-33 positive [51].

This medication was approved by the FDA in 2000 under accelerated conditions. In 2010, the confirmatory trial failed
to demonstrate clinical benefits among safety concerns [52] due to excessive toxicity potential at doses greater than 6
mg/m?2 [53]. Nonetheless, different randomized clinical trials were performed, allowing the EMA to reintegrate into the
market in 2018 [54].

One of these phase IIl investigations was intended to demonstrate the addition of the biological drug to induction and/or
consolidation chemotherapy in young patients who had not been previously treated without significantly increasing the
toxicity of the therapy. 1113 patients, mostly under 60 years of age, participated. Those who received a single dose of
gemtuzumab ozogamicin of 3 mg/m?2 on the first day of the induction cycle were randomly assigned to one of the three
regimens: 1) fludarabine, cytarabine, granulocyte colony-stimulating factor, and idarubicin, 2) cytarabine,
daunorubicin, and etoposide, and 3) daunorubicin and cytarabine. In addition, in remission, 948 persons were randomly
assigned to receive the drug in course three in combination with amsacrine, cytarabine, and etoposide or high-dose
cytarabine. It was determined that the presence of the conjugated monoclonal antibody was well tolerated without a
toxicity increase. In this population, there was an improvement in survival by adding gemtuzumab ozogamicin [55].

In another trial, the objective was to assess the improvement in overall survival during induction therapy in an elderly
population (51 to 84 years) with AML or high-risk myelodysplastic syndrome. Of the 1115 patients, 559 received
gentuzumab ozogamicin 3 mg/m? therapy together with daunorubicin/ara-C or daunorubicin/clofarabine and the rest
did not add biological therapy. There were no significant differences in mortality at 30 or 60 days, nor a significant
toxicity rise when adding the drug. Likewise, three-year survival was considerably higher, and this medication's
cumulative relapse incidence in an identical period was significantly lower [56].
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Finally, a randomized, open-label, phase III trial was carried out, the objective of which was to add low fractionated-
dose gemtuzumab ozogamicin to specific chemotherapeutic regimens for the improvement of people with AML without
generating excessive toxicity [57, 58]. For this, 280 patients aged between 50 and 70 years were randomized 1:1, to
whom the conjugated monoclonal antibody in a 3 mg/m?2 dose was administered or not on days 1, 4, and 7 during the
induction stage, along with daunorubicin and cytarabine. After this therapy, individuals in remission were given two
consolidation therapy courses with the same chemotherapy, with or without the biological drug, at the same dose, under
the initial randomization. Even though the results showed a favorable panorama for the biological drug, the difference
was not significant [58].

6.2. Brentuximab vedotin

It is a recombinant chimeric IgG1 molecule covalently linked to MMA. It is directed against CD30, allowing inhibition of
microtubules. This medication is used as a therapeutic option against CD30-positive Hodgkins' lymphoma in stage III
or [V patients, in conjunction with dacarbazine, doxorubicin, and vinblastine, when the disorder has come back or has
not responded to an autologous stem cell transplant or at least two other therapies, and the consideration of the
transplant or multi-agent chemotherapy is not possible or is likely to come back or get worse after that transplant. As a
complement, it is considered for non-Hodgkins' lymphoma, specifically in systemic anaplastic large cell lymphoma alone
with cyclophosphamide, doxorubicin, and prednisone, and cutaneous T-cell lymphoma in persons who have received at
least one previous systemic treatment [59, 60].

CD30 is a transmembrane receptor that belongs to the tumor necrosis factor (TNF)-receptor superfamily. It is
overexpressed in different lymphomas such as Hodgkins' and systemic anaplastic large cell lymphomas [61, 62]. Its
expression in normal tissue is low and is limited to a small subset of activated B and T lymphocytes [63]. Its binding
with the monoclonal antibody allows it to be internalized and release the payload, triggering a cascade of events that
will lead to the cellular apoptosis of the tumor [64].

In an open-label, multicenter, randomized phase III investigation, 1334 patients with previously untreated stage III or
IV classic Hodgkins' lymphoma received brentuximab vedotin, doxorubicin, vinblastine, and dacarbazine or
doxorubicin, bleomycin, vinblastine, and dacarbazine. Of the 664 people who received the therapeutic option with the
conjugated monoclonal antibody, the two-year modified progression-free survival rate was 82.1 %. At the same time,
without this drug, it corresponded to 77.2 %. Thus, its addition has superior efficacy for treating these individuals [65].

For its part, a double-blind, double-dummy, randomized, placebo-controlled, active-comparator phase III study
attempted to compare the safety and efficacy of the biological drug added to cyclophosphamide, doxorubicin, and
prednisone versus cyclophosphamide, doxorubicin, vincristine, and prednisone in CD30-positive peripheral T-cell
lymphomas. The 452 patients were randomized 1:1 to receive either of the two regimens for six to eight 21-day cycles.
The dose of brentuximab vedotin was 1.8 mg/kg IV. The results showed that progression-free survival and overall
survival hazard ratios were higher for the therapy where the biological medication was included. Also, the safety profile
was adequate, with no toxicity increase [66].

6.3. Ado-trastuzumab emtansine

The drug comprises a humanized IgG1 monoclonal antibody covalently linked through a thioether bond to DM1 [67]. It
is administered in adults for the adjuvant treatment of early human epidermal growth factor receptor 2 (HER2)-positive
breast cancer who have residual invasive cancer in the breast and/or lymph nodes after applying neoadjuvant taxane
therapy and therapy directed at the said receptor. Additionally, it is considered in people with unresectable metastatic
or locally advanced HER2-positive breast cancer who have received trastuzumab and a taxane together or separately
and who have received prior therapy for locally advanced or metastatic pathology or present any recurrence during the
adjuvant regimen or in the six months after its completion [68].

HER2 is a transmembrane protein found in normal tissues in small amounts and overexpressed in approximately 20 %
of breast cancer patients. It has been associated with a poor prognosis regarding disease-free survival and overall
survival [69-71] by promoting the growth of cancer cells through the activation of signaling pathways PI3K-AKT and
RAS-MAPK. The drug has improved this scenario significantly because the interaction between the conjugated
monoclonal antibody and HER2 modulates the signals of these pathways. Then, internalization of the drug-receptor
complex allows the payload release and the antitumor action [69].

In a randomized, open-label, international phase III study involving patients with HER2-positive, unresectable, locally

advanced, or metastatic breast cancer (previously treated with trastuzumab and a taxane), the efficacy and safety of the
conjugated monoclonal antibody against lapatinib plus capecitabine was determined. 991 people participated in this
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trial, being randomized 1:1. The main results included median progression-free survival of 9.6 months for ado-
trastuzumab emtansine versus 6.4 months with lapatinib plus capecitabine and median overall survival at the second
interim analysis of 30.9 months versus 25.1 months, respectively. Therefore, the biological drug improved these
parameters, along with lower toxicity [72].

Furthermore, its safety and efficacy were studied in a single-arm, open-label, phase IlIb trial. Persons with HER2-
positive locally advanced/metastatic breast cancer with prior HER2-targeted therapy and chemotherapy participated.
They received 3.6 mg/kg IV every three weeks until unacceptable toxicity, withdrawal of consent, or disease
progression. It was noted that adverse effects related to the nervous system were more frequent in patients with brain
metastases, although the profile of side effects was similar despite this condition. Likewise, the best overall response
rate in the 126 patients with measurable brain metastases was 21.4 %. The clinical benefit rate corresponded to 42.9
%, and in 398 patients with baseline brain metastases, the median progression-free survival was calculated at 5.5
months and survival at 18.9 months. Moreover, the therapy was active and well tolerated [73].

6.4. Inotuzumab ozogamicin

It consists of a recombinant humanized IgG4 protein directed towards CD22 and covalently linked to N-acetyl-gamma-
calicheamicin dimethylhydrazine. It is indicated in adults as an individual therapeutic option in relapsed or refractory
CD22-positive B cell precursor acute lymphoblastic leukemia (ALL) and in those who suffer from Philadelphia
chromosome-positive relapsed or refractory B cell precursor ALL and for whom treatment with at least one tyrosine
kinase inhibitor had failed [74].

CD22 is a sialic acid-binding immunoglobulin-like lectin (Siglec), part of the superfamily of immunoglobulins expressed
in B lymphocytes during their life cycle, except in plasma cells. It is expressed in 90 % of B-cell ALL cases but not in
hematopoietic stem cells or other tissues. This characteristic makes it an attractive therapeutic target for this
pharmaceutical product [75-77].

In an open-label, two-arm, randomized phase III trial, 326 patients over 18 years of age with relapsed or refractory
CD22-positive, Philadelphia chromosome-positive, or -negative ALL, who received their first or second salvage therapy
were selected. The purpose was to find the tolerability and efficacy of the conjugated monoclonal antibody in standard-
of-care chemotherapy. The median overall survival was 7.7 versus 6.2 months, while the two-year overall survival rate
was 22.8 and 10.0 %, respectively. In this way, the biological treatment provided a better response, with prolonged
progression-free survival and overall survival. Regarding secondary events, veno-occlusive pathology was a central
non-hematologic effect [78, 79].

6.5. Moxetumomab pasudotox

This drug consists of a chimeric recombinant monoclonal anti-CD20 antibody fused to a fragment of Pseudomonas
exotoxin A. The drug is not a chemical conjugate because the entire product is produced in Escherichia coli [80-82].
Upon binding to CD22 (B-lymphocyte lineage-restricted transmembrane protein) on the surface of malignant cells,
internalization of the complex occurs, and PE38 is released, inhibiting the synthesis of anti-apoptotic protein myeloid
cell leukemia 1 (Mcl-1) and promoting apoptosis [81, 83]. In 2018, it received FDA approval for hairy cell leukemia
(HCL), which failed at least two prior lines of therapy, including a purine analog [83, 84]. This illness has a high
expression of CD22 [85].

During a pivotal, multicenter, single-arm, open-label phase III trial, the rate of durable complete response with
moxetumomab pasudotox in patients with multiply relapsed HCL was evaluated. 80 patients received the biologic drug
at 40 pg/kg IV on days 1, 3, and 5 every 28 days for six or fewer cycles. The values obtained indicated that the durable
complete response, the complete response, and the objective response rate were 30, 41, and 75 %, respectively. In
addition, 64 patients experienced hematologic remission. The most common adverse effects included headache, fatigue,
nausea, and edema. This way, a high rate of independently assessed durable response and minimal residual disease was
achieved (85 % of complete responders), together with acceptable tolerability [85].

Besides, the complete response rate was evaluated in an international, multicenter, phase II research. The work was
with 32 pediatric patients, whose ages ranged between 6 months and less than 18 years, with relapsed or
chemotherapy-refractory precursor B-cell ALL or lymphoblastic lymphoma who had received at least one front-line and
one salvage regimen of chemotherapy or a prior allogeneic hematopoietic stem cell transplantation. The dose
administered was 40 pg/kg IV every other day for six doses in a 21-day cycle until progressive disease, up to six cycles,
or until they otherwise became ineligible. Although there was clinical activity, the trial was terminated, as the desired
objective in phase I was not achieved [86].
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In July 2023, the company permanently discontinued this medication in the United States. Its withdrawal was not
related to its safety or efficacy but rather to its low clinical acceptance since its approval, the availability of different
therapeutic options, its complex administration, the toxicity prophylaxis, and the safety monitoring needs [87].

6.6. Polatuzumab vedotin

This pharmaceutical product comprises a humanized monoclonal antibody covalently conjugated to MMAE. The protein
binds to the CD79b receptor of B cells, which is actively expressed in most malignant lymphomas, such as relapsed or
refractory diffuse large B-cell lymphoma (DLBCL) [88, 89]. CD79b is part of the B cell receptor (BCR) signaling complex.
It plays an essential role in the development and function of mature B cells [90, 91]. When binding with the antibody
occurs, it is internalized and allows the payload release, which binds to tubulin and disrupts the microtubule network,
consequently inhibiting cell division and growth [92].

Polatuzumab vedotin was approved in combination with bendamustine plus rituximab for adults with
relapsed/refractory DLBCL who have received at least two prior therapies. Data from an open-label, phase Ib/II, multi-
center clinical investigation in relapsed or refractory DLBCL after at least one prior line of therapy were considered. In
the phase II cohort, 80 individuals with relapsed or refractory disorder after at least one prior line of therapy were
randomized 1:1 to either polatuzumab vedotin 1.8 mg/kg IV in combination with the other two medications or only
bendamustine and rituximab every 21 days for six cycles. The complete response rate was 40 versus 18 %, and the
overall response rate was 63 versus 25 %, respectively [89].

In another double-blind, placebo-controlled, international phase Ill research, the efficacy and safety of the polatuzumab
vedotin, rituximab, cyclophosphamide, doxorubicin, and prednisone regimen versus rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone was studied in patients with untreated intermediate-risk or high-risk DLBCL.
The trial included 879 patients between 18 and 80 years of age who randomly received, in a 1:1 ratio, six cycles of one
of the regimens plus two cycles of rituximab alone. After two years, the percentage of patients who survived without
progression was significantly higher in the conjugated monoclonal antibody group (76.7 %) compared to the other
pharmacological combination (70.2 %) and with a similar safety profile [93].

6.7. Enfortumab vedotin

The medication involves a fully human IgG1 monoclonal antibody conjugated to MMAE. It is currently administered for
people with locally advanced or metastatic urothelial carcinoma who have previously received a programmed cell death
protein 1 (PD-1) or programmed cell death protein ligand 1 (PD-L1) inhibitor and platinum-containing chemotherapy
in the neoadjuvant or adjuvant, locally advanced, or metastatic therapy. The glycoprotein binds nectin-4, expressed in
breast, lung, pancreatic, ovarian, and urothelial cancers. The cytotoxic agent is then delivered, with consequent cell
death [94, 95].

A cohort (125 individuals) of a single-arm, multicenter phase II investigation in adults who previously received
platinum-containing chemotherapy and a PD-1/PD-L1 inhibitor was established to determine its efficacy and safety.
The drug was given ata dose of 1.25 mg/kg IV on days 1, 8, 15, and 28 of the cycle until some improvement was observed
or a very high toxicity level was reached. The confirmed objective response rate in this group was 44 %. Some toxicity
cases were related to the payload, while others were explained by the on-target effects correlated with nectin-4
expression. The efficacy was found to be clinically relevant and with an appropriate safety profile [94].

Another global, open-label, randomized phase III trial investigated the efficacy and safety of enfortumab vedotin and
pembrolizumab compared to platinum-based chemotherapy in individuals with previously untreated locally advanced
or metastatic urothelial carcinoma. 886 people were randomized 1:1 to receive three-week cycles of the biological
medicine (1.25 mg/kg IV on days 1 and 8) and pembrolizumab (200 mg IV on day 1) or gemcitabine and either cisplatin
or carboplatin. Progression-free survival and overall survival were longer in the conjugated monoclonal antibody group
(12.5 versus 6.3 months and 31.5 versus 16.1 months, respectively). Regarding adverse events, the incidence was higher
in the group where chemotherapeutic agents were provided [96].

6.8. Fam-trastuzumab deruxtecan

This product's conjugation is performed with DXd. The humanized IgG1l glycoprotein binds to HERZ, and it is
administered for adult patients with HER2-positive metastatic breast cancer who have received two or more prior anti-
HER2 regimens in the metastatic setting and patients with metastatic breast cancer HER2-low who have received prior
chemotherapy [97-99].
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Regarding clinical investigations, in an open-label, randomized, multicenter, phase III trial, therapy with trastuzumab
deruxtecan was compared with trastuzumab emtansine. Once individuals aged 18 years or older with HER2-positive
unresectable or metastatic breast cancer previously treated with trastuzumab and a taxane were randomized, 261
received trastuzumab deruxtecan (5.4 mg/kg IV), and 263 trastuzumab emtansine (3.6 mg/kg IV) every three weeks.
The group concerning the first drug showed improvement since the median progression-free survival was 28.8 months
compared to 6.8 months for the other biological therapy. Its safety profile was appropriate, with interstitial lung illness
and pneumonitis being common [100-101].

Another randomized, two-group, open-label, phase III study involving persons with HERZ2-low, unresectable, or
metastatic breast cancer who previously received one or two chemotherapy lines was achieved. The purpose was to
evaluate effectiveness and safety. Of the 557 individuals enrolled (2:1 randomization), 373 received 5.4 mg/kg
trastuzumab IV every three weeks, and 184 received the chemotherapy chosen by their respective treating physician
(capecitabine, eribulin, gemcitabine, nab-paclitaxel, or paclitaxel). Moreover, the separation was made based on the
presence of positive hormone receptors, obtaining 361 and 163 people, respectively. The primary data revealed that
the hormone receptor-positive patients in the biological drug group achieved a median progression-free survival of 10.1
months, and in the other group with similar characteristics at the receptor level was 5.4 months, while the overall
survival was 23.9 against 17.5 months, respectively. For the group of total individuals, regardless of the characteristic
associated with the hormone receptor, the median progression free-survival was 9.9 months in the trastuzumab
deruxtecan group and 5.1 in the chemotherapy group. Additionally, the overall survival corresponded to 23.4 and 16.8
months, respectively. Thus, those who received therapy with trastuzumab deruxtecan had significantly longer
progression-free survival and overall survival than those associated with chemotherapy [102].

6.9. Sacituzumab govitecan

The drug consists of SN-38 and a humanized monoclonal antibody (hRS7) that interacts with the trophoblastic cell-
surface antigen-2 (Trop-2). It is indicated for metastatic triple-negative breast cancer (mTNBC) in patients who have
received at least two therapies for this condition [103-105].

Trop-2 is a transmembrane protein identified in more than 85 % of epithelial tumors, including TNBC, with little
expression in normal tissue. It stimulates the growth of cancer cells and is associated with a poor prognosis [103-105].

One of the trials accomplished was a single-arm, open-label, multicenter phase I/Il investigation, including a dose-
escalation and a cohort expansion phase. The safety and effectiveness were evaluated in 495 people over 18 years of
age with distinct types of advanced epithelial cancers, including TNBC and mTNBC, who had relapsed after or were
refractory to at least one prior standard therapeutic regimen. The conjugated monoclonal antibody was administered
at8,10, 12,and 18 mg/kg IV on days 1 and 8 in 21-day cycles. The most common adverse effects were nausea, diarrhea,
fatigue, alopecia, and neutropenia. Regarding efficacy, it was validated that the antigen was appropriate as a therapeutic
target for these disorders [106].

Also, in a randomized, phase III trial, the biological medication was evaluated against single-agent chemotherapy of the
physician's choice (capecitabine, eribulin, gemcitabine, or vinorelbine) in persons with relapsed or refractory mTNBC,
and prior utilization of a taxane. After 1:1 randomization, 245 patients received 10 mg/kg IV on days 1 and 8 of each
21-day cycle, and 233 acknowledged chemotherapy. The median progression-free survival was 5.6 versus 1.7 months,
and the median overall survival was 12.1 against 6.7 months, respectively. In this way, both values were significantly
longer. The most frequent secondary events related to sacituzumab govitecan were neutropenia, leukopenia, diarrhea,
anemia, and febrile neutropenia [107].

6.10. Belantamab mafodotin

It is an acufosylated humanized IgG1l monoclonal antibody conjugated with MMAF. It binds to the B-cell maturation
antigen (BCMA), which is essential for the proliferation and survival of malignant plasma cells [108-111]. This
medication is approved for relapsed or refractory multiple myeloma after administration of four or more therapies,
including anti-CD38 treatment [108]. Binding to this receptor destroys multiple myeloma by inducing apoptosis
through a multimodal mechanism, with the intervention of ADCC, antibody-dependent cellular phagocytosis (ADCP),
and immunogenic cell death [111].

In an open-label, two-arm, phase II investigation, persons aged 18 or older with relapsed or refractory multiple
myeloma, with illness progression after three or more therapeutic lines, and who were refractory to
immunomodulatory drugs and proteasome inhibitors and refractory or intolerant (or both) to an anti-CD38 monoclonal
antibody were recruited. 97 individuals received 2.5 mg/kg, and 99 were administered 3.4 mg/kg IV every three weeks
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on day 1 of each cycle until pathology progression or unacceptable toxicity. For the primary analysis data cutoff date,
31 and 34 % of individuals, respectively, experienced an overall response. The most common adverse effects were
keratopathy, thrombocytopenia, and anemia. In the end, 2.5 mg/kg was recommended for future studies, exhibiting
anti-myeloma activity with a favorable safety profile [111].

This drug was approved in 2020 based on the information gathered in the previous trial [112]. Nevertheless, in
November 2022, its withdrawal from the market began after the FDA request, following data from a subsequent phase
III trial [113].

6.11. Loncastuximab tesirine or ADCT-402

It comprises a humanized anti-CD19 glycoprotein stochastically conjugated to SG3199 [114-116]. It was approved for
adults with relapsed or refractory DLBCL after two or more systemic treatments [117].

CD19 is a surface protein expressed on healthy and malignant B cells throughout their maturation. It has been observed
in a broad spectrum of malignant lymphoid neoplasms [118]. This transmembrane receptor regulates BCR signaling
and its efficient internalization [114].

In an open-label, single-arm, phase II research involving 145 people over 18 years of age with relapsed or refractory
DLBCL after two or more multi-agent systemic treatments, the antitumor activity and safety of the biological drug were
assessed. A dose of 150 ug/kg IV was applied in the first two cycles and subsequent cycles of 75 pg/kg IV for up to one
year or until disorder relapse or progression, unacceptable toxicity, death, significant protocol deviation, pregnancy, or
decision taken by the patient, investigator, or sponsor. 35 patients experienced a complete response, and the same
number generated a partial response. Common adverse effects included neutropenia and thrombocytopenia.
Substantial antitumor activity and durable response were obtained with an acceptable safety profile [116].

Regarding the analysis of this medication's effects, symptoms, and tolerability, most participants reported improved
pain, lumps/swelling, and weight loss. More than 60 % described little or no discomfort from side effects [119].

6.12. Tisotumab vedotin

The drug consists of a fully human monoclonal antibody conjugated to MMAE. It interacts with tissue factor (TF), a
protein detected in multiple solid tumors, such as cervical cancer [120, 121]. It was approved for adults with recurrent
or metastatic cervical cancer with progression during or after chemotherapy [122].

TF is a transmembrane receptor expressed in cells near blood vessels and body surfaces and has an essential role in
homeostasis and the coagulation cascade. Diverse types of cancer express TF in high amounts, which has been
associated with poor prognosis. Such is the case of breast, colorectal, pancreatic, and prostate cancer. TF has been
described as an enhancer of tumor growth through various mechanisms, increasing angiogenesis by stimulating
proteins such as vascular endothelial growth factor (VEGF). As a complement, high levels are associated with metastasis
in some tumors, including colorectal, gastric, and pancreatic [123, 124].

In a phase I/1], open-label, dose-escalation and dose-expansion trial, safety, tolerability, pharmacokinetic profile, and
antitumor activity were studied in patients with locally advanced or metastatic (or both) solid tumors comprising
esophagus, bladder, prostate, cervix, ovary, endometrium, squamous cell carcinoma of the head and neck, and non-small
cell lung cancer (NSCLC), known to express TF. For the dose-escalation stage (27 individuals), people were treated with
0.3 and 2.2 mg/kg IV of the conjugated monoclonal antibody every three weeks in a 3 plus 3 design. Furthermore, in the
dose-expansion stage (147 persons), they were treated at the recommended phase two dose. Thanks to the first phase,
the lowest dose was established as recommended, with the main side effects being diabetes mellitus, mucositis, and
neutropenic fever. Then, in phase two, the objective response represented 15.6 %, with several adverse events, such as
alopecia, epistaxis, fatigue, nausea, and vomiting. The antitumor activity was relevant, and the safety profile was
manageable [120].

Next, a multicenter, open-label, single-arm, phase II study was performed, recruiting patients 18 years and older with
recurrent or metastatic squamous cell, adenocarcinoma, or adenosquamous cervical cancer, who had progressive
disease during or after doublet chemotherapy (paclitaxel plus either platinum or topotecan) plus bevacizumab, if
eligible), or had received two or fewer previous systemic regimens for recurrent or metastatic cervical cancer, among
other characteristics. 101 patients received at least one drug dose. The confirmed objective response rate was 24 % (17
partial and seven complete responses), with common adverse effects being alopecia, conjunctivitis, nausea, and fatigue.
These findings were similar to the previous trial [121].
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Finally, a single-arm, open-label phase I/II study determined the safety and efficacy outcomes of this medication in
Japanese patients with recurrent or metastatic cervical cancer. In terms of efficacy, pharmacokinetics, and safety, the
results were similar to those of research conducted on non-Japanese people [125].

6.13. Mirvetuximab soravtansine

It is a chimeric IgG1 macromolecule conjugated to DM4. Its therapeutic target is folate receptor alpha (FRa). Upon
binding, the payload internalizes and releases itself, which, when exerting its action, causes the arrest of the cell cycle
and the consequent apoptosis. It is approved for adult patients with FRa-positive, platinum-resistant epithelial ovarian,
fallopian tube, or primary peritoneal cancer who have received one to three prior systemic therapies [126-127].

FRa is a surface protein that is scarce in healthy tissues but overexpressed in epithelial tumors such as ovarian,
endometrial, TNBC, and NSCLC. Its high expression is associated with a poor prognosis, with more aggressive tumors
and resistance to conventional chemotherapy [127].

Regarding clinical studies, a single-arm, phase II investigation evaluated the efficacy and safety in individuals with
platinum-resistant epithelial ovarian cancer, high FRa tumor expression, and who had received one to three prior
therapies, including bevacizumab. In total, 105 patients between 35 and 85 years old received 6 mg/kg IV every three
weeks until progressive pathology, unacceptable toxicity, consent withdrawal, or death. The objective response rate
was 32.4 % (29 partial and five complete responses), and the median duration of response corresponded to 6.9 months.
Common adverse effects were blurred vision, keratopathy, and nausea. These events led to administration delays, dose
reductions, and treatment discontinuations [128].

Likewise, a global, confirmatory, open, randomized, and controlled phase III clinical trial was made to compare its
efficacy and safety in comparison with the chemotherapy chosen by the investigator (paclitaxel, doxorubicin, or
topotecan) in patients with platinum-resistant epithelial ovarian cancer. 453 patients aged between 29 and 88 years
were randomized. Of them, 227 received the conjugated monoclonal antibody (6 mg/kg IV every three weeks), and 226
received the chemotherapeutic agent. Those treated with biologic therapy showed more benefit in progression-free
survival and objective response [129].

7. Conclusions

Cancer treatment is one of the main challenges for the pharmaceutical industry today. Chemotherapy and radiotherapy
have been employed for many years. However, they generate many adverse effects, affecting healthy and abnormal
tissues without distinction. Besides, surgery is a highly invasive procedure that can have significant complications.

Conjugated monoclonal antibodies have emerged as a solution to the lack of specificity, improving the percentages of
efficacy and tolerance. Despite the approval of 13 drugs (two were withdrawn from the market), some aspects must be
evaluated, such as the barriers in the tumor microenvironment. Therefore, significant advances in treating this
pathology have continued, and in the short term, health authorities such as the FDA and EMA should approve more of
these biological therapies.
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