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Abstract
Antibody–drug conjugates consist of a monoclonal antibody attached to a cytotoxic therapeutic molecule by a connector. 
This association allows a highly specific therapy, which increases their effectiveness and decreases their potential toxic-
ity. This new therapy emerged approximately 20 years ago; since then, numerous combinations have appeared in the field 
of treatment-related neoplasms as an alternative for patients who do not achieve good results with conventional treatment 
options. Adverse effects of these drugs on the ocular surface are frequent and varied. Their prevalence ranges from 20 to 90% 
depending on the drug and administration condition, probably due to multiple receptor-mediated factors or mechanisms not 
mediated by specific receptors, such as macropinocytosis. These adverse events can greatly limit patients’ comfort; thus, the 
objectives of this article were, in the first place, to compile the information currently available on different types of adverse 
effects of antibody–drug conjugates on the ocular surface, including pathophysiology, prevalence, and treatment, and in 
second place, to contribute to the correct identification and management of these events, which will result in a lower rate of 
cessation of treatment, which is necessary for the survival of candidate patients.
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What are antibody–drug conjugates (ADCs)?

ADCs form by the binding of a cytotoxic molecule to a 
monoclonal antibody via a chemical linker, as depicted in 
Fig. 1. ADCs are useful as the binding allows monoclonal 
antibodies to transport molecules with therapeutic capac-
ity specifically to target cells. These cells internalize the 
complex by endocytosis or pinocytosis, disrupt the union 
with the help of their lysosomes, and release the cytotoxic 
molecule, possibly causing their death through apoptosis or 
other mechanisms [1–4].

The binding specificity reduces the systemic exposure of 
the drug to a minimum, thereby limiting its action in healthy 
tissues and, consequently, the undesirable side effects. Thus, 
the use of ADCs can increase the effectiveness of drugs in 
the treatment of hematological cancers and cancers of solid 
organs by reducing therapeutic limitations due to drug intol-
erance [1, 3].

Proposed pathophysiology of adverse 
effects (AEs) on the ocular surface caused 
by ADCs

The basic advantage of ADCs is that their action is specifi-
cally directed at target cells through the selection of mono-
clonal antibodies against specific targets. This process has 
markedly decreased toxicity compared with other conven-
tional chemotherapies, although the side effects cannot be 
completely eradicated.

The information obtained from the clinical use of differ-
ent ADCs that are currently available indicates that the eye 
is one of the most frequently affected organs by drug-related 
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Aes. There are different reasons why ADCs generate Aes 
on the ocular surface, such as the existence of a large blood 
flow, fast-growing cell subpopulations, and an abundant 
variety of cell surface receptors. Moreover, their toxicity 
can be mediated by multiple mechanisms, which are classi-
fied into two types: off-target toxicity and target toxicity [2].

Numerous off-target mechanisms have been described. 
The cytotoxic molecule of the ADC may be released early 
because of unstable binding with its monoclonal antibody 
due to an inadequate linker [2]. The cytotoxic molecule may 
exert its action in the wrong territory, thereby causing dam-
age. Moreover, it also possible that the damage is caused by 
intracellular metabolism by which the linker is separated 
from the cytotoxin. In this process, ionized intermediate 
metabolites do not diffuse through the cell membrane and 
accumulate in the cytoplasm, resulting in cell damage [5]. 
Free payloads can enter the extracellular space by passive 
diffusion due to the permeability of the cell membrane or 
high lipophilicity of the payloads or be released because of 
the loss of cell integrity after cell death. Subsequently, these 
free cytotoxic molecules can access the intracellular space 
of another cell through off-target mediated mechanisms 
such as passive diffusion, transporter-mediated uptake, or 
non-specific endocytosis mechanisms to cause cell damage, 
referred to as the bystander effect [6].

Endocytosis is another important off-target means of 
entry into healthy cells. This mechanism can be divided 
into pinocytosis, a receptor-independent and non-specific 
way of internalizing extracellular fluid and solutes, and 
phagocytosis, a receptor-dependent and non-specific inter-
nalization of larger opsonized particulate matter. Endocy-
tosis can be classified into macroendocytosis (0.2–10 μM) 

and microendocytosis (< 200 nm), depending on the size of 
the endocytic vacuoles. Among the different mechanisms 
of non-specific endocytosis, the most important pathway is 
macropinocytosis [6, 7]. Some ADCs reach the ocular sur-
face through the tear film or perilimbal vessels. For example, 
the presence of belamaf in tears at a non-quantifiable dose 
was demonstrated in a study conducted on rabbits receiving 
15–30 mg/kg/week of belantamab mafodotin for 1 month 
[8]. ADCs are subsequently internalized via macropinocy-
tosis, which leads to cell apoptosis [5, 8, 9]. The chemical 
structure of the ADC molecule influences the capacity for 
cellular internalization as macromolecules, with the pres-
ence of more positive charges or hydrophobic residues on 
the surface favoring macropinocytosis. Therefore, these 
chemical characteristics increase off-target toxicity in the 
corneal epithelium [9]. It is postulated that certain non-spe-
cific receptors, such as Fc gamma receptors (FcγRs), neo-
natal Fc receptor, and C-type lectin receptors, can mediate 
ADC phagocytosis by interacting with the Fc region of the 
monoclonal antibody present in the molecule [6]. Due to the 
high level of corneal turnover, the apoptotic cells advance 
toward the corneal center, as indicated by Thoft’s hypothesis 
of cell migration from the limbus to the corneal center. The 
existence of microcysts at the corneal level causes a decrease 
in visual acuity. At the level of the corneal periphery, they 
produce oblate-type topographic alterations simulating post-
myopic surgery topography, and at the central level, the loss 
of media transparency is observed [10]. Furthermore, ker-
atitis and ulcers can be produced by epithelial alterations 
that cause great discomfort to the patient, forcing temporary 
discontinuation of the drug and sometimes total suspension 
[8, 11].

Fig. 1  ADC structure. ADC 
antibody–drug conjugate
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Target toxicity mechanisms appear when a drug interacts 
with its receptor. The mechanisms involved may be second-
ary metabolic reactions that are unwanted by the interaction 
of the receptor with the ADC in the presence of the target 
receptor in healthy tissues [2]. An example is the HER-2 
receptor, which is a target for different ADCs, such as tras-
tuzumab emtansine and trastuzumab duocarmazine, since it 
is overexpressed in some neoplasms (lung, ovary); however, 
this receptor is also found in normal corneal epithelial cells 
[8]. Figure 2 outlines the different mechanisms for the entry 
of ADC into normal cells.

ADC‑caused AEs on the ocular surface

The molecular structure, target, and current indication of 
ADCs are specified in Table 1. The time to onset of the 
ocular findings, time to the requirement to stop or reduce 
the dose of medication, and time to recovery of the ocular 
surface after cessation of therapy are specified in Table 2.

AGS‑16M8F and AGS‑16C3F

Mechanism of action

AGS-16M8F binds to AGS-16 with high affinity, and this 
complex is internalized and trafficked to lysosomes leading 
to catabolism and release of active drug metabolite [12].

AGS-16C3F binds with high affinity to ENPP3. After 
binding, AGS-16C3F is internalized and trafficked to lys-
osomes, where it catabolizes and releases cysteine adducts 
of maleimidocaproyl monomethyl auristatin F (mcMMAF) 
that subsequently bind to and inhibit microtubules [13].

Types of AEs on the ocular surface

AGS-16M8F and AGS-16C3F are considered equivalent 
and have been evaluated in phase I trials [2, 7]. In the AGS-
16M8F (Hyb) study (26 participants), AEs reported on the 
ocular surface were dry eye, blurred vision, and pruritus. 
These events were observed in eight patients at the three 
highest dose levels. Dry eye was observed in two patients 
at doses of 2.7 and 3.6 mg/kg, and blurred vision, dry eye, 
and eye pruritis were detected in six patients at a dose of 
4.8 mg/kg [7].

In the AGS-16C3F (CHO) study (34 participants), the 
signs and symptoms were not always correlated. Dry eye 

Fig. 2  Possible mechanisms of access to the cellular interior of 
ADCs. Reprinted from Pharmacology & Therapeutics, 200, Mahal-
ingaiah PK, Ciurlionis R, Durbin KR, et al. Potential mechanisms of 
target-independent uptake and toxicity of antibody–drug conjugates, 

p113 (2019), with permission from Elsevier. [25]. ADC antibody–
drug conjugate. FcγRs Fc gamma receptors, FcRn neonatal Fc recep-
tor, and CLRs C-type lectin receptors
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and blurred vision were observed in approximately half of 
the patients (50% and 44% respectively), and keratopathy 
appeared in 59% of patients (20 patients) [7].

The severity of the AEs was dose-dependent, and at lower 
doses, the symptoms were better tolerated. These pre-clin-
ical data suggest that the ocular AEs are mediated through 
macropinocytosis in the corneal epithelial cells, which do 
not express ENPP3 [7].

Treatment of AEs on the ocular surface

In both studies, there was a lack of information about the 
exact management of ocular AEs. Artificial tears and steroid 
eye drops were some of the treatments indicated by investi-
gators and local ophthalmologists [7].

The keratopathy (signs and symptoms) described in both 
studies was reversible after drug discontinuation. In the 
AGS-16C3F (CHO) study, six participants discontinued the 
drug owing to keratopathy [7].

Anetumab ravtansine (BAY 94–9343)

Mechanism of action

Anentumab ravtansine is a fully human anti-mesothelin anti-
body (MF-T) coupled via a reducible disulfide linker to a 
microtubule-targeting toxophore DM4. This combination of 
a linker and toxophore was selected because of its reported 
potential bystander effect [14].

Types of AEs on the ocular surface

Alterations of the ocular surface due to drug toxicity are 
more frequently observed in regimens with higher doses. In 
one study administering a dose of 6.5 mg/g every 3 weeks, 
among 38 patients, 29% had blurred vision and keratitis. 
When the dose was decreased to 2.2 mg/kg weekly, among a 
total of 36 patients, the prevalence of blurred vision dropped 
to 22%, and that of keratitis decreased to 17%; when the 

Table 2  Adverse effects on the ocular surface due to antibody–drug conjugates and their temporal lapses

ADCs antibody–drug conjugates, AEs adverse effects

ADC Time to onset of the ocular find-
ings

Time to the requirement to stop or 
reduce the dose of medication

Time to recovery of the ocular 
surface after cessation of therapy

AGS-16M8F Unspecified Unspecified Few weeks to several  months43

AGS-16C3F
Anetumab ravtansine (BAY 

94–9343)
Unspecified Unspecified 2–9  weeks15

Aprutumab ixadotin (BAY 
1187982)

Unspecified Unspecified Unspecified

Belantamab mafodotin (belamaf; 
GSK2857916)

Median time to onset was 23 days 
(range: 1–84 days)5,8,22

Until the resolution of the AEs, 
after which it is considered 
to maintain a reduced dose of 
1.9 mg/kgA

Median time to resolution was 
30 days (range, 5–224 days)8,22

Coltuximab ravtansine (SAR3419, 
CD19-DM4)

Unspecified Unspecified 1–2  weeks2,24,25

Denintuzumab mafodotin (SGN-
CD19A)

Unspecified Unspecified 5  weeks25

Depatuxizumab mafodotin (ABT-
414)

Mean of 8  days27,28 Unspecified Within 4 weeks to 6  months29,30,31

Enfortumab Vedotin Unspecified Unspecified Unspecified
MEDI2228 Unspecified Unspecified Unspecified
Mirvetuximab soravtansine 

(IMGN853)
Unspecified Unspecified Unspecified

PF-06263507 (A1-mafodotin, 
A1-mcMMAF, Anti-5T4 mono-
clonal antibody)

Unspecified Unspecified Unspecified

Tisotumab vedotin Unspecified Unspecified 0–7 months.46

Trastuzumab duocarmazine 
(SYD985)

Unspecified Unspecified Unspecified

Trastuzumab emtansine (Ado-
Trastuzumab emtansine, T-DM1)

Unspecified Unspecified Unspecified

Vorsetuzumab mafodotin (SGN-
75, CD70-MMAF)

Unspecified Unspecified Unspecified



3092 Clinical and Translational Oncology (2023) 25:3086–3100

1 3

dose was decreased to 1.8 mg/kg weekly, among a total of 
35 patients, 14% and 11% had blurred vision and keratitis, 
respectively [15].

In another study, corneal epithelial defects appeared in up 
to 50% of patients when tanezumab ravtansine was admin-
istered at a dose of 6.5 mg/kg; most cases had grades 1 and 
2, and 8% had grade 3 or more according to the Common 
Terminology Criteria for Adverse Events (CTCAE) [4, 16].

Treatment of AEs on the ocular surface

Ocular AEs were managed with dose reduction, discontinua-
tion of treatment, use of ocular surface lubricants, or topical 
corticosteroids. Alterations in the ocular surface subsided 
or a tendency toward improvement was observed in the last 
ocular assessment [4].

Aprutumab ixadotin (BAY 1187982)

Mechanism of action

Aprutumab ixadotin binds to FGFR2 and then selectively 
induces cell death, through an unknown mechanism of 
action, in FGFR2-expressing tumor cells. FGFR2, a receptor 
tyrosine kinase upregulated in many tumor cell types, plays 
an essential role in tumor cell proliferation, differentiation 
and survival [17].

Types of AEs on the ocular surface

In a human phase I study on 20 patients with advanced, 
refractory solid tumors expressing FGRF2, drug-related 
ocular events were observed; 20% of patients had corneal 
calcium or lipid deposits with secondary blurred vision, 
15% had corneal epithelial microcysts due to incompletely 
formed cells in the epithelia that cause vision hazing, and 
5% had blurred vision [18].

Treatment of AEs on the ocular surface

In this study, topical treatment was sufficient (carmel-
losa ophthalmic drops, polyacrylic acid, difluprednate, or 
fluorometholone drops) for most patients, except one with 
grade 3 corneal epithelial microcysts and grade 1 blurred 
vision (CTCAE) [16], who had to discontinue treatment 
[18].

Belantamab mafodotin (belamaf, GSK2857916)

Mechanism of action

B-cell maturation antigen (BCMA) or tumor necrosis factor 
receptor superfamily member 17 is a type III transmembrane 

protein that is only expressed in late memory B-cells com-
mitted to plasma cell differentiation and is present in all 
plasma cells, even malignant cells of multiple myeloma 
(MM cells). BCMA is involved in the growth and survival 
of long-lived plasma cells and MM cells [19, 20]. Belamaf 
acts through a multimodal mechanism. First, after binding 
to its receptor, it is rapidly internalized, and active cyto-
toxic drugs are released inside the cell, leading to apoptosis 
by inhibition of BCMA-receptor signaling and microtubule 
polymerization. Second, the antibody is afucosylated, which 
increases its binding to FcγRIIIa receptors, enhances the 
recruitment and activation of immune effector cells, and 
enhances the killing of tumor cells by antibody-dependent 
cellular cytotoxicity and phagocytosis. Finally, the release 
of markers characteristic of immunogenic cell death leads 
to adaptive immune response and immunological memory. 
The latter is shown when treatment is delayed due to ocular 
effects, which continue to maintain the therapeutic effect 
against tumor cells [11, 15].

Types of AEs on the ocular surface

Ocular surface involvement occurs with many conjugated anti-
bodies with symptoms, such as eye irritation, blurred vision, 
and dry eye-like eye discomfort, along with signs including 
corneal microcyst-like epithelial changes (MECs) [8].

In the DREAMM-1 study, ocular toxicity was more 
abundant in part-2 with a higher treatment dose than that in 
part-1. In part-2, the most common toxicity at the dose of 
3.4 mg/kg was corneal toxicity (63% of all included cases, 
with 9% corresponding to grades 3–4 on the CTCAE scale) 
[16]. Corneal events are caused by the toxicity of the MMAF 
toxin, and symptoms included dry eye (34%), blurred vision 
(46%), foreign body sensation, and/or photophobia with ker-
atitis and MECs (72%), all of which were reversible. MECs 
were observed by slit-lamp microscopy early during the 
treatment (69% had their first event at the dose of 4 mg/kg). 
Subsequently, in the DREAMM-2 study, 73% of patients 
had keratopathy (71% with 2.5 mg/kg belamaf versus 75% 
with 3.4 mg/kg belamaf), and the most common symptoms 
were blurred vision and dry eyes [5]. Figure 3 shows MECs, 
on a slit-lamp microscopy image, of a patient treated with 
belamaf, whereas Fig. 4 is the corneal confocal microscopy 
(MCC) image of MECs from the same patient.

Corneal events (dry eye and blurred vision) were found in 
all patients. All patients underwent corneal staining (Oxford 
Grading Scale). Although the Schirmer test was not included 
in the protocol, it was proposed that the dry eye sensation might 
be secondary to reduced tear production and corneal epitheli-
opathy [21].

In most cases, when eye damage occurs in the form of 
keratopathy, the patients are symptomatic. However, the 
absence of symptoms does not rule out the presence of 
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corneal lesions, which increases the importance of regular 
ophthalmological evaluation during drug administration. 
For example, in the DREAMM-2 study, among all included 
patients who received the drug at doses of 2.5 mg/kg, 72% 
had MECs and 54% showed objective changes in vision; 
however, only 15% and 25% reported symptoms of dry eye 
and blurred vision, respectively [5].

Ocular AEs associated with belantamab mafodotin were 
more frequently detected in patients treated with higher 
doses, a history of dry eyes, and soluble BCMA. Although 
patients do not report symptoms, they may have signs of 
ocular toxicity; thus, it is necessary to use a slit lamp to 
determine the best visual acuity [6].

Treatment of AEs on the ocular surface

Studies found that the management of corneal events 
included dose reduction (25%) and/or delays (47%), 

artificial tears, and steroid eye drops. The dose modi-
fications were based on changes according to a scale 
obtained from the best-corrected visual acuity and the 
degree of keratopathy (Keratopathy Visual Acuity scale) 
[8, 22].

Although the DREAMM-2 clinical trial ocular sub-
study did not report the benefit of using topical steroids, 
some studies have proposed a short pulse to ameliorate 
symptoms [21]. However, while the use of topical corti-
costeroids has not shown a clear benefit in the prevention 
of ocular toxicity, it has been associated with a higher 
incidence of cataracts and glaucoma in these patients [5], 
Furthermore, the use of cooling eye masks is based on 
inducing vasoconstriction on the ocular surface during 
drug infusion, which theoretically should decrease the 
entry of ADCs at this level. However, its usefulness has 
not been demonstrated in various studies [5]. Lastly, close 
monitoring of patients by ophthalmologists has shown 
greater benefits in the management of AEs on the ocu-
lar surface, especially in individuals with previous ocu-
lar pathologies who have a higher risk of presenting side 
effects of belamaf [5].

In summary, the management of toxicity includes dos-
age modifications, treatment interruption or discontinua-
tion, preservative-free artificial tears, and close ophthal-
mology and hematology-oncology follow-up [5].

Coltuximab ravtansine (SAR3419, huB4‑DM4)

Mechanism of action

Coltuximab ravtansine is an anti-CD19 monoclonal anti-
body conjugated to a potent cytotoxic maytansinoid, 
DM4, via an optimized, hindered, disulfide bond. The 
antibody selectively binds to the CD19 antigen present in 
most B cells, resulting in the internalization of the recep-
tor-drug complex and intracellular release of DM4. DM4 
is a potent inhibitor of tubulin polymerization and micro-
tubule assembly, which ultimately induces cell apoptosis 
[23].

Fig. 3  Both images, A and B, 
represent MECs in the central 
cornea in a case of keratopathy 
due to belantamab mafodotin 
at different magnifications. 
MECs microcyst-like epithelial 
changes

Fig. 4  Wing cells of the corneal epithelium with intracellular hyper-
reflective material, even forming cell clusters as seen in the lower 
area (asterisk). In addition, cysts of about 3–4 cell diameters (arrow-
heads) and even some with several corpuscles that could be included 
cells (arrows)
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Types of AEs on the ocular surface

AEs on the ocular surface due to drugs vary. Blurred vision 
was reported in a study on 39 patients, in which after the 
second administration of the drug at a dose of ≥ 160 mg/m2, 
41% of patients reported blurred vision. Similarly, at a much 
lower dose (55 mg/m2 weekly), 23% of patients developed 
blurred vision [2].

Corneal microcysts are also detected on ophthalmological 
examination and have a typical ring pattern of distribution 
that begins in the perilimbal area and migrates to the corneal 
center. Moreover, cases of accumulation of whitish corneal 
intraepithelial material have been reported [2]. These altera-
tions are related to the dose administered to the patient rather 
than to the treatment time [24].

Treatment of AEs on the ocular surface

All corneal side effects were reversible by a drug delay [2, 
24, 25]. Administration of the drug through guidelines with 
more spaced and lower doses reduces the prevalence of AEs 
[25].

Denintuzumab mafodotin (SGN‑CD19A)

Mechanism of action

Denintuzumab mafodotin is an immunoconjugate consist-
ing of an anti-CD19 monoclonal antibody conjugated to 
the auristatin derivative monomethyl auristatin F (MMAF), 
with potential antineoplastic activity. Upon administration 
of denintuzumab mafodotin, the antibody moiety targets the 
cell surface antigen CD19, found in several B-cell-derived 
cancers. Upon antibody/antigen binding and internaliza-
tion, the immunoconjugate releases MMAF, which binds to 
tubulin and inhibits its polymerization. Inhibition of tubulin 
polymerization may result in G2/M phase arrest and tumor 
cell apoptosis. This inhibits the growth of CD19-expressing 
tumor cells. CD19, a B-cell antigen, is overexpressed by a 
variety of different cancer cell types [24, 26].

Types of AEs on the ocular surface

After intravenous administration at doses of 0.5–6.0 mg/kg 
every 21 days, approximately 20% of patients had ocular 
AEs, among whom 59% had blurred vision, 39% had dry 
eyes, and 57% had microcystic keratopathy [2].

In other studies, we found that the prevalence of micro-
cystic keratopathy, blurry vision, and dry eye were 84%, 
35–65%, and 52%, respectively [24, 25].

Treatment of AEs on the ocular surface

The preventive administration of topical corticosteroids 
prior to the administration of ADC treatment reduces the 
incidence of severe ocular AEs (grades 3–4, CTCAE scale) 
[2, 16]. Once ocular alterations have been established, the 
use of ocular topical corticosteroids or the modification of 
doses can improve the clinical symptoms or result in total 
resolution [25].

Depatuxizumab mafodotin (ABT‑414)

Mechanism of action

Depatuxizumab mafodotin (ABT-414) is an ADC that binds 
to EGFR, which is increased in the cell surface in some 
tumors due to gene amplification (EGFR amplification and 
mutant variant 3 of EGFR amplification, formed by the dele-
tion of exons 2 and 7). The complex is subsequently internal-
ized, and monomethyl auristatin F (MMAF) is released by 
an intracellular proteolytic enzyme. MMAF inhibits micro-
tubule function by inducing cell death [4, 27].

Types of AEs on the ocular surface

There are numerous different AEs on the ocular surface. In 
a study on 60 patients, after the administration of the drug 
at doses of 1.0 mg/kg every 2 weeks, a high prevalence of 
corneal toxicity was observed; 92% of patients were affected, 
with 32% being grades ≥ 3 (CTCAE scale) [4, 16].

Similar data were examined from studies where the doses 
ranged from 0.5–1.5 mg/kg, and toxic ocular effects were 
observed in 92% of patients: blurred vision (63%), photo-
phobia (39%), dry eye (29%), foreign body sensation (26%), 
and keratitis (26%). Most ocular AEs were grades 1 and 2, 
and only 29% were grade 3; moreover, 5% of the ocular AEs 
were grade 4 keratitis (CTCAE scale) [16, 27, 28].

When damaged, transient amplifying cells of the cornea 
form small deposits or microcysts (microcystic keratopathy), 
which cause blurred vision, irritation, or eye pain. However, 
since the corneal epithelium is renewed in 21–28 days, after 
which epithelial alterations are self-resolved, no patient in 
these studies had to discontinue treatment due to ocular tox-
icity [27, 28].

Using MCC, it was observed that with doses of 1.5 mg/
kg depatuxizumab mafodotin, multiple and diffuse hyper-
reflective points appeared in the corneal epithelium after 
2 weeks of administration of the first dose. They persisted 
during treatment, and their severity increased. It has been 
postulated that these lesions might be early signs of epithe-
lial cell death due to the toxicity of depatuxizumab mafo-
dotin. After 4 weeks of treatment, round cystic structures 
were visualized in the epithelium and persisted throughout 
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treatment with the fragmentation of the sub-basal nerve 
plexus layer. All alterations were resolved almost com-
pletely after 8 weeks of treatment [29, 30]. Moreover, some 
findings suggest that eye symptoms and their severity are 
not dose-dependent [31].

Treatment of AEs on the ocular surface

Artificial tears with hyaluronic acid administered three times 
a day from before the start of treatment and administration 
of corticosteroid eye drops with high doses of cytarabine 
have been used to prevent the formation of epithelial micro-
cysts. This treatment is based on the fact that corticosteroids 
reduce cell turnover in the corneal epithelium, thereby mak-
ing cells more resistant to damage from chemotherapy [27, 
31]. Once ocular AEs appear, different treatment measures 
can be considered, such as dexamethasone in eye drops, arti-
ficial tears, therapeutic contact lenses, and reduction and 
delay of dose administration [32]. Corneal AEs have been 
demonstrated to be reversible after the discontinuation of 
treatment [4, 29, 30].

Enfortumab vedotin

Mechanism of action

Enfortumab vedotin (EV) is an ADC whose target is Nec-
tin-4, a transmembrane protein overexpressed in multiple 
cancers. Higher levels of Nectin-4 expression have been 
associated with disease progression and/or poor prognosis. 
When EV binds to Nectin-4, the ADC–Nectin-4 complex is 
internalized by endocytosis. The toxin of this drug is mono-
methyl auristatin E (MMAE), which is released via proteo-
lytic cleavage of the linker, disrupts microtubule dynamics, 
and causes apoptotic cell death [33].

Types of AEs on the ocular surface

EV can produce ocular surface toxicity, with dry eye symp-
toms in 36% of patients, and blurred vision in 14% of 
patients, which seems to be related to dry eye [33].

Treatment of AEs on the ocular surface

An effective therapeutic strategy to prevent these symptoms 
is the use of artificial tears [33].

MEDI2228

Mechanism of action

MEDI2228 carries out its action through several mechanisms. 
This ADC induces DNA damage responses (DDR) prior to 

apoptosis by phosphorylation of ATM/ATR, CHK1/2, and 
gH2AX in MM cells. The ATM/ATR-CHK1/2 signaling cas-
cades activated by MEDI2228 treatment increase NKG2D 
ligands in MM cells and primes MM cells to natural killer 
(NK) cell-mediated cytotoxicity by increasing expression of 
MICA/B in MM cells to enhance binding and activating NK 
cytolytic activity. In addition, MEDI2228 stimulates STAT1- 
and IFN-related signaling pathways since they are activated 
by DDR, and both play a crucial role in innate and adaptive 
immunity. This leads to the overregulation of CD38, allowing 
greater effectiveness of drugs such as daratumumab [34, 35].

Types of AEs on the ocular surface

At the maximum tolerated dose (0.14 mg/kg) administered 
intravenously every 3 weeks, the main ocular AEs were loss 
of visual acuity (54%) and dry eye (20%) [36, 37].

Treatment of AEs on the ocular surface

Studies have shown that the best way to avoid ocular AEs 
is to optimize dosage and conduct regular comprehensive 
ophthalmological examinations [36, 37].

Mirvetuximab soravtansine (IMGN853)

Mechanism of action

IMGN853 binds with high affinity and specificity to FRα, 
which promotes ADC internalization and intracellular 
release of DM4 upon antigen binding. DM4 inhibits tubulin 
polymerization and disrupts microtubule assembly, inducing 
cell cycle arrest and apoptosis [38].

Types of AEs on the ocular surface

The most frequently reported ocular AE in different stud-
ies is blurred vision, with a prevalence of 23–50%, which 
is usually reversible in all cases [2, 38, 39]. Keratopathy is 
also common (20–26% of cases) and can manifest as kerati-
tis, corneal epithelial microcysts, and limbal stem cell defi-
ciency [39].

In the phase III FORWARD I study, ocular AEs were 
investigated in 248 patients who received IMGN853. 
Among these patients, 42% (2.5% grade ≥ 3) and 32.5% 
(1.2% grade ≥ 3) presented blurred vision and keratopathy, 
respectively, which were the main reasons for interruption or 
reduction of the dose (CTCAE scale) [16, 40, 41].

Treatment of AEs on the ocular surface

Ocular AEs associated with this drug are not usually severe 
and are reversible. Artificial tears and periodic check-ups by a 
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specialist ophthalmologist are used as prophylactic measures. 
Other useful measures include avoidance of contact lens usage, 
regular cleaning and use of warm compresses, and sunglasses 
in daylight [39]. Some authors also suggest the use of topical 
ocular corticosteroids [42].

The plasma drug level at the start of treatment has been 
demonstrated to be linked to the prevalence of AEs. Normally, 
the appropriate dose of the drug for each patient is calculated 
using the total body weight; however, one way to decrease 
the concentration of the drug in the blood while maintaining 
its effectiveness is to calculate the dose based on the adjusted 
ideal body weight [38]. However, when previous measures 
are insufficient, it is useful to modify the administered dose or 
suspend the drug [2, 39].

PF‑06263507 (A1‑mafodotin, A1‑mcMMAF, 
and anti‑5T4 monoclonal antibody)

Mechanism of action

PF-06281192 recognizes a conformational epitope on the extra-
cellular domain of human 5T4. After binding of the ADC to 
5T4, the complex is internalized and catabolized in cellular 
lysosomes, where the active moiety of this drug, Cys-capped 
mc linker plus MMAF (Cys–mcMMAF, PF-06264490), is 
released. MMAF is an auristatin, a fully synthetic, pentapeptide 
inhibitor of tubulin polymerization that ultimately induces G2/
mitosis cell-cycle arrest and cell death [43].

Types of AEs on the ocular surface

In a phase I trial, treatment-related AEs of PF-06263507 
included photophobia, dry eye, eye pain, blurred vision, con-
junctivitis, increased lacrimation, keratitis, and limbal defi-
ciency. All of them, except limbal deficiency, were described 
in two or more patients [43].

Treatment of AEs on the ocular surface

Erythromycin ointment and ophthalmic prednisolone acetate, 
with no changes in PF-06263507 administration, were used to 
treat conjunctivitis, with no drug discontinuation. However, 
photophobia, annular keratitis, and limbal stem cell deficiency 
led to drug discontinuation in three patients receiving different 
dose regimens (4.34 or 6.5 mg/kg). Notably, the photophobia 
and keratitis resolved without sequelae [43].

Tisotumab vedotin

Mechanism of action

Tisotumab vedotin (TV) is directed to tissue factor (TF), 
a transmembrane protein that initiates the coagulation 

cascade. TF has also been shown to play a role in tumor 
growth, angiogenesis, and metastasis. The antibody moi-
ety of TV is conjugated to MMAE via a valine citrulline 
linker, which is proteolytically cleaved and released follow-
ing the internalization of TV into cancer cells expressing TF. 
MMAE is a microtubule disruptor and kills actively dividing 
cancer cells. TV has antitumor activity on multiple tumor 
types and kills target cells by direct cytotoxicity, bystander 
cytotoxicity, antibody‐dependent cellular cytotoxicity, anti-
body‐dependent cellular phagocytosis, and immunogenic 
cell death [44].

Types of AEs on the ocular surface

Ocular AEs, including dry eye and corneal alterations, such 
as keratopathy and conjunctivitis, have been documented 
[40, 45]. Additionally, in the NCT03438396 study, in which 
a population of 101 patients was examined, ocular AEs were 
analyzed after administering at least one dose of tisotumab 
vedotin; 54% of patients had mild-to-moderate ocular AEs 
on the ocular surface. Among all included patients, 26% 
had conjunctivitis, 23% had dry eyes, and 11% had keratitis. 
None of these events were severe [46].

Treatment of AEs on the ocular surface

The use of topical ocular corticosteroids or dose modifica-
tions is very common as standard prophylactic measures. 
However, one of the most effective actions is the establish-
ment of a protocol for the evaluation and monitoring of ocu-
lar events that reduce the severity of AEs [45, 46].

Trastuzumab duocarmazine (SYD985)

Mechanism of action

After the interaction of trastuzumab duocarmazine with 
HER2, it is internalized in lysosomes, where the linker is 
destroyed, thereby releasing the active toxin through the 
alkylation of cellular DNA, which then induces cell death 
[47].

Types of AEs on the ocular surface

In a phase I dose-escalation and dose-expansion study, 
conjunctivitis and dry eye were two of the most common 
treatment-related events (both 31%). Furthermore, ocular 
AEs, such as keratitis and lacrimation, were reported [47].

Treatment of AEs on the ocular surface

The aforementioned study found that the tolerability of this 
ADC did not change with the use of prophylactic topical 
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treatment or variations in dose or frequency of administra-
tion. Most patients were able to continue the study drug 
beyond 1 year, and most ocular events were reported as 
recovered or improved during the study period [47].

Trastuzumab emtansine (ado‑trastuzumab 
emtansine, T‑DM1)

Mechanism of action

Trastuzumab emtansine is an ADC that incorporates the 
HER2-targeted antitumor properties of trastuzumab with the 
cytotoxic activity of the microtubule-inhibitory agent DM1 
(derivative of maytansine). This ADC allows intracellular 
drug delivery specifically to HER2-overexpressing cells, 
thereby improving the therapeutic index and minimizing 
exposure to normal tissue [48, 49].

Types of AEs on the ocular surface

In a study on 20 eyes of 10 patients, low-grade corneal epi-
thelial changes (cystoid lesions in the deep corneal epithelial 
cells) were found biomicroscopically by confocal micros-
copy. They were primarily localized in the mid-peripheral 
area, and no treatment-related symptoms were observed 
[50]. Moreover, keratitis, blurred vision (4.5%), and con-
junctivitis after administration of the drug were detected [2, 
25].

Treatment of AEs on the ocular surface

Due to the absence of symptoms during treatment, no drug 
discontinuation or topical treatment was required in the ini-
tial study [50].

Vorsetuzumab mafodotin (SGN‑75, CD70‑MMAF)

Mechanism of action

Vorsetuzumab mafodotin is an ADC, whose mechanism 
of action is related to a humanized monoclonal antibody 
targeting CD70 molecule and microtubule toxin molecule 
MMAF. CD70 is a type II transmembrane protein, which is 
mainly expressed in activated T cells, B cells, NK cells, and 
dendritic cells. Upon binding of the ADC with CD70, the 
complex is internalized into the cellular lysosomes, where 
MMAF is released. Then, MMAF binds to tubulin and inter-
feres with the cell cycle, causing cell death [51].

Types of AEs on the ocular surface

With intravenous administration at dosages of 0.3–4.5 mg/
kg every 3 weeks, 57% of patients had dose-limiting ocular 

AEs, with blurred vision in 11%, keratitis in 9%, dry eyes 
in 30%, and corneal epitheliopathy in 15% of cases. By 
decreasing the dose to 0.3–0.6 mg/kg weekly, we found that 
the incidence of ocular AEs also decreased by up to 36%; 
the incidence of blurred vision decreased by 18%, and that 
of dry eyes was reduced by 27% [2].

Additionally, cases of corneal microcysts have been 
described, and their pattern of appearance consists of lesions 
in the corneal periphery that advance toward the central 
region, with the appearance of secondary refractive altera-
tions [2].

Treatment of AEs on the ocular surface

The duration and severity of ocular AEs were reduced by 
treatment with artificial tears and topical corticosteroids [2].

Conclusion

ADCs are a promising therapy used in oncology as the last 
line of treatment, focusing on maximizing efficacy with 
minimal associated AEs. However, they are associated with 
significant ocular toxicity that could result in mild discom-
fort and significant visual loss, which may lead to the cessa-
tion of the treatment. Despite the significant impact on the 
line of treatment caused by the loss of patient well-being as 
a result of AEs on the ocular surface, there are not enough 
studies that measure the impact they produce on the patient's 
quality of life in a standardized manner.

Currently, the mechanisms by which these alterations 
appear at the ocular surface are unclear; however, knowledge 
of the pathophysiology of ADCs would help us improve 
their design, thereby allowing the largest number of patients 
with indications to benefit from them. It is known that AEs 
are influenced by the dose of treatment and the frequency 
of administration in most cases, where the higher the dose 
or frequency, the greater the AEs. The appropriate dose and 
frequency of administration vary depending on the drug and 
the patient in question, and so it is a challenge to deter-
mine the most appropriate regimen in each case. A detailed 
analysis of the AEs caused in different doses with large-scale 
studies could be very useful in decision-making.

The statistical analysis of data related to AEs on the ocu-
lar surface due to the use of ADCs is difficult because of the 
scarcity of published literature, the small number of patients 
in each study, and the great variability of interpersonal con-
ditions within the same study and different studies. Further-
more, little information is available regarding the diagnostic 
methods used in the ophthalmological follow-up of patients 
and the specific findings identified on the ocular surface. 
These factors make it difficult to perform powerful analyses.
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The chemical macrostructure of ADC seems to influ-
ence its behavior at the plasma level and its interaction 
with cells of different tissues. Different types of linkers 
used in the binding of drug components can facilitate 
the release of cytotoxins into the extracellular medium, 
resulting in unwanted toxicity. Similarly, the higher the 
affinity of the monoclonal antibodies to the target recep-
tor, the lesser the damage to healthy tissues, thus avoid-
ing unwanted effects and vice versa. Therefore, it is very 
important to consider AEs when devising new ADCs, and 
it is essential to study, monitor, and analyze the side effects 
of drugs marketed to date in detail.

Alterations of the ocular surface are among the most 
common AEs in the literature and are reversible after ces-
sation or delay of treatment in general. The preventive 
and therapeutic measures used vary, but those with greater 
effectiveness are associated with hydration through arti-
ficial tears and close monitoring by an ophthalmologist, 
which allow the identification of important alterations 
that are not always accompanied by obvious symptoms. 
Topical ocular corticosteroids are widely used in different 
studies, most of which agree that their use does not lead 
to significant symptom improvement. Long-term topical 
ocular corticosteroid use may be associated with important 
side effects.

In summary, because of the limited findings in this ther-
apeutic field, it is important to conduct multidisciplinary 
monitoring with specialists in oncology, hematology, and 
ophthalmology to allow the diagnosis and treatment of these 
symptoms and signs.

Literature search

Using the PubMed and Scopus platform as databases, we 
performed a bibliographic search using descriptors, such as 
‘Inmunoconjugates’, ‘Antibody–Drug Conjugate’, ‘adverse 
effect’, ‘side effect’, ‘adverse event’, ‘toxicity’, ‘ocular’, 
‘ophthalmolog*’, or ‘eye’. As a result of the newness of anti-
body–drug conjugates, we selected reviews published since 
2015, with some exceptions in terms of the search for mech-
anisms of action of drugs. After preliminary analyses of the 
results, reviews related to the study topic were selected.

With the information obtained, we subsequently con-
ducted bibliographic searches that focused on the selection 
of specific ADCs associated with AEs on the ocular surface 
described by the scientific community in relation to this type 
of therapy using descriptors, such as ‘Blurred vision’, ‘Ker-
atitis’, ‘Dry eye’, ‘Corneal microcysts’, ‘Corneal deposit’, 
‘Corneal inclusion’, ‘Conjunctivitis’, ‘keratoconjunctivitis’, 
‘Corneal epithelial defect’ or ‘Corneal epithelial damage’, 
and ‘Inmunoconjugates’ or ‘Antibody–Drug Conjugate’.

Acknowledgements We would like to thank Dr. Prathap Kumar Mahal-
ingaiah for his contribution to graphic material.

Funding Funding for open access publishing: Universidad de Sevilla/
CBUA. Manuel Caro-Magdaleno, Beatriz Mataix-Albert and Enrique 
Rodríguez-de-la-Rúa Members of RETICS OFTARED and RICORS 
(RD21/0002/0011, funded by MCIN-Instituto de Salud Carlos III 
and co-funded by European Union–NextGenerationEU”; Plan de 
Recuperación Transformación y Resiliencia). RETICS OFTARED 
(RD16/0008/0010, funded by Instituto de Salud Carlos III and co-
funded by European Union, ERDF/ESF, “Investing in your future”) 
sponsored the editing of this manuscript.

Data availability Not applicable.

Declarations 

Conflict of interest The authors report no proprietary or commercial 
interest in any product mentioned or the concept discussed in this ar-
ticle.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Bashraheel SS, Domling A, Goda SK. Update on targeted cancer 
therapies, single or in combination, and their fine tuning for preci-
sion medicine. Biomed Pharmacother. 2020;125:110009. https:// 
doi. org/ 10. 1016/j. biopha. 2020. 110009.

 2. Eaton JS, Miller PE, Mannis MJ, Murphy CJ. Ocular adverse 
events associated with antibody-drug conjugates in human clini-
cal trials. J Ocul Pharmacol Ther. 2015;31:589–604. https:// doi. 
org/ 10. 1089/ jop. 2015. 0064.

 3. Hafeez U, Parakh S, Gan HK, Scott AM. Antibody-drug conju-
gates for cancer therapy. Molecules. 2020;25:4764. https:// doi. 
org/ 10. 3390/ molec ules2 52047 64.

 4. Lambert JM, Morris CQ. Antibody–drug conjugates (ADCs) 
for personalized treatment of solid tumors: a review. Adv Ther. 
2017;34:1015–35. https:// doi. org/ 10. 1007/ s12325- 017- 0519-6.

 5. Wahab A, Rafae A, Mushtaq K, Masood A, Ehsan H, Khakwani 
M, et al. Ocular toxicity of belantamab mafodotin, an oncological 
perspective of management in relapsed and refractory multiple 
myeloma. Front Oncol. 2021;11:678634. https:// doi. org/ 10. 3389/ 
fonc. 2021. 678634.

 6. Mahalingaiah PK, Ciurlionis R, Durbin KR, Yeager RL, Philip 
BK, Bawa B, et al. Potential mechanisms of target-independent 
uptake and toxicity of antibody-drug conjugates. Pharmacol Ther. 
2019;200:110–25. https:// doi. org/ 10. 1016/j. pharm thera. 2019. 04. 
008.

 7. Thompson JA, Motzer RJ, Molina AM, Choueiri TK, Heath EI, 
Redman BG, et al. Phase I trials of anti-ENPP3 antibody–drug 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.biopha.2020.110009
https://doi.org/10.1016/j.biopha.2020.110009
https://doi.org/10.1089/jop.2015.0064
https://doi.org/10.1089/jop.2015.0064
https://doi.org/10.3390/molecules25204764
https://doi.org/10.3390/molecules25204764
https://doi.org/10.1007/s12325-017-0519-6
https://doi.org/10.3389/fonc.2021.678634
https://doi.org/10.3389/fonc.2021.678634
https://doi.org/10.1016/j.pharmthera.2019.04.008
https://doi.org/10.1016/j.pharmthera.2019.04.008


3099Clinical and Translational Oncology (2023) 25:3086–3100 

1 3

conjugates in advanced refractory renal cell carcinomas. Clin Can-
cer Res. 2018;24:4399–406. https:// doi. org/ 10. 1158/ 1078- 0432. 
CCR- 18- 0481.

 8. Farooq AV, Degli Esposti S, Popat R, Thulasi P, Lonial S, 
Nooka AK, et al. Corneal epithelial findings in patients with 
multiple myeloma treated with antibody-drug conjugate belan-
tamab mafodotin in the pivotal, randomized, DREAMM-2 study. 
Ophthalmol Ther. 2020;9:889–911. https:// doi. org/ 10. 1007/ 
s40123- 020- 00280-8.

 9. Zhao H, Atkinson J, Gulesserian S, Zeng Z, Nater J, Ou J, 
et al. Modulation of macropinocytosis-mediated internalization 
decreases ocular toxicity of antibody–drug conjugates. Can-
cer Res. 2018;78:2115–26. https:// doi. org/ 10. 1158/ 0008- 5472. 
CAN- 17- 3202.

 10. Rousseau A, Michot JM, Labetoulle M. Belantamab Mafotodin-
induced epithelial keratopathy masquerading myopic surgery. 
Ophthalmology. 2020;127:1626. https:// doi. org/ 10. 1016/j. oph-
tha. 2020. 07. 047.

 11. Nooka AK, Weisel K, van de Donk NW, Routledge D, Otero PR, 
Song K, et al. Belantamab mafodotin in combination with novel 
agents in relapsed/refractory multiple myeloma: DREAMM-5 
study design. Future Oncol. 2021;17:1987–2003. https:// doi. 
org/ 10. 2217/ fon- 2020- 1269.

 12. Gudas JM, Torgov M, An Z, Jia XC, Morrison KJ, Morrison 
RK, et al. Abstract 2436: AGS-16M8F is a novel antibody drug 
conjugate (ADC) for treating renal and liver cancers. Can-
cer Res. 2010;70:2436. https:// doi. org/ 10. 1158/ 1538- 7445. 
AM10- 2436.

 13. Kollmannsberger C, Choueiri TK, Heng DYC, George S, Jie F, 
Croitoru R, et al. A randomized phase II study of AGS-16C3F 
versus axitinib in previously treated patients with metastatic renal 
cell carcinoma. Oncologist. 2021;26:182–361. https:// doi. org/ 10. 
1002/ onco. 13628.

 14. Golfier S, Kopitz C, Kahnert A, Heisler I, Schatz CA, Stelte-
Ludwig B, et  al. Anetumab ravtansine: a novel mesothelin-
targeting antibody-drug conjugate cures tumors with hetero-
geneous target expression favored by bystander effect. Mol 
Cancer Ther. 2014;13:1537–48. https:// doi. org/ 10. 1158/ 1535- 
7163. MCT- 13- 0926.

 15. Hassan R, Blumenschein GR, Moore KN, Santin AD, Kindler HL, 
Nemunaitis JJ, et al. First-in-human, multicenter, phase I dose-
escalation and expansion study of anti-mesothelin antibody-drug 
conjugate anetumab ravtansine in advanced or metastatic solid 
tumors. J Clin Oncol. 2020;38:1824–35. https:// doi. org/ 10. 1200/ 
JCO. 19. 02085.

 16. Cancer Institute (2017) N. Common terminology criteria for 
adverse events (CTCAE). v.5.0 [Internet]. https:// www. meddra. 
org/: 18–23

 17. PubChem [Internet]. Bethesda (MD): National Library of Medi-
cine (US), National Center for Biotechnology Information; 2004-. 
PubChem Compound Summary for CID 71471223, Aprutumab 
ixadotin; [cited 2023 Jan. 3]. Available from: https:// pubch em. 
ncbi. nlm. nih. gov/ compo und/ Aprut umab- ixado tin

 18. Kim SB, Meric-Bernstam F, Kalyan A, Babich A, Liu R, Tani-
gawa T, et al. First-in-human phase I study of aprutumab ixado-
tin, a fibroblast growth factor receptor 2 antibody–drug conjugate 
(BAY 1187982) in patients with advanced cancer. Target Oncol. 
2019;14:591–601. https:// doi. org/ 10. 1007/ s11523- 019- 00670-4.

 19. Cho SF, Anderson KC, Tai YT. Targeting B cell maturation anti-
gen (BCMA) in multiple myeloma: potential uses of BCMA-based 
immunotherapy. Front Immunol. 2018;9:1821. https:// doi. org/ 10. 
3389/ fimmu. 2018. 01821.

 20. Trudel S, Lendvai N, Popat R, Voorhees PM, Reeves B, Libby EN, 
et al. Targeting B-cell maturation antigen with GSK2857916 anti-
body–drug conjugate in relapsed or refractory multiple myeloma 
(BMA117159): a dose escalation and expansion phase 1 trial. 

Lancet Oncol. 2018;19:1641–53. https:// doi. org/ 10. 1016/ S1470- 
2045(18) 30576-X.

 21. Popat R, Warcel D, O’Nions J, Cowley A, Smith S, Tucker 
WR, et al. Characterization of response and corneal events with 
extended follow-up after belantamab mafodotin (GSK2857916) 
monotherapy for patients with relapsed multiple myeloma: A case 
series from the first-time-in-human clinical trial. Haematologica. 
2020;105:e261–3. https:// doi. org/ 10. 3324/ haema tol. 2019. 235937.

 22. Cohen AD. Myeloma: next generation immunotherapy [Internet]. 
http:// www. clini calti als. gov. Hematology Am Soc Hematol Educ 
Program. 2019;2019:266–72. Doi: https:// doi. org/ 10. 1182/ hemat 
ology. 20190 00068

 23. Trnĕný M, Verhoef G, Dyer MJS, Yehuda DB, Patti C, Canales M, 
et al. A phase II multicenter study of the anti-CD19 antibody drug 
conjugate coltuximab. Haematologica. 2018;103:1351–8. https:// 
doi. org/ 10. 3324/ haema tol. 2017. 168401.

 24. Yu B, Liu D. Antibody-drug conjugates in clinical trials for lym-
phoid malignancies and multiple myeloma. J Hematol Oncol. 
2019;12:94. https:// doi. org/ 10. 1186/ s13045- 019- 0786-6.

 25. Raizman MB, Hamrah P, Holland EJ, Kim T, Mah FS, Rap-
uano CJ, et al. Drug-induced corneal epithelial changes. Surv 
Ophthalmol. 2017;62:286–301. https:// doi. org/ 10. 1016/j. survo 
phthal. 2016. 11. 008.

 26. PubChem [Internet]. Bethesda (MD): National Library of 
Medicine (US), National Center for Biotechnology Informa-
tion; 2004. PubChem Compound Summary for CID 86278355, 
Denintuzumab mafodotin; [cited 2023 Jan. 3]. Available from: 
https:// pubch em. ncbi. nlm. nih. gov/ compo und/ Denin tuzum ab- 
mafod otin

 27. Gan HK, Reardon DA, Lassman AB, Merrell R, van den Bent 
M, Butowski N, et al. Safety, pharmacokinetics, and antitumor 
response of depatuxizumab mafodotin as monotherapy or in 
combination with temozolomide in patients with glioblastoma. 
Neuro Oncol. 2018;20:838–47. https:// doi. org/ 10. 1093/ neuonc/ 
nox202.

 28. Lassman AB, van den Bent MJ, Gan HK, Reardon DA, Kumthekar 
P, Butowski N, et al. Safety and efficacy of depatuxizumab mafo-
dotin + temozolomide in patients with EGFR -amplified, recurrent 
glioblastoma: results from an international phase I multicenter 
trial. Neuro Oncol. 2019;21:106–14. https:// doi. org/ 10. 1093/ neu-
onc/ noy091.

 29. Parrozzani R, Lombardi G, Midena E, Leonardi F, Londei D, 
Padovan M, et al. Corneal side effects induced by EGFR-inhibitor 
antibody–drug conjugate ABT-414 in patients with recurrent glio-
blastoma: a prospective clinical and confocal microscopy study. 
Ther Adv Med Oncol. 2020;12:1758835920907543. https:// doi. 
org/ 10. 1177/ 17588 35920 907543.

 30. Parrozzani R, Lombardi G, Midena E, Londei D, Padovan M, 
Marchione G, et al. Ocular side effects of EGFR-inhibitor ABT-
414 in recurrent glioblastoma: a long-term safety study. Front 
Oncol. 2020;10:593461. https:// doi. org/ 10. 3389/ fonc. 2020. 
593461.

 31. Goss GD, Vokes EE, Gordon MS, Gandhi L, Papadopoulos KP, 
Rasco DW, et al. Efficacy and safety results of depatuxizumab 
mafodotin (ABT-414) in patients with advanced solid tumors 
likely to overexpress epidermal growth factor receptor. Cancer. 
2018;124:2174–83. https:// doi. org/ 10. 1002/ cncr. 31304.

 32. Van den Bent M, Gan HK, Lassman AB, Kumthekar P, Mer-
rell R, Butowski N, et al. Efficacy of depatuxizumab mafodotin 
(ABT-414) monotherapy in patients with EGFR-amplified, recur-
rent glioblastoma: results from a multi-center, international study. 
Cancer Chemother Pharmacol. 2017;80:1209–17. https:// doi. org/ 
10. 1007/ s00280- 017- 3451-1.

 33. Chang E, Weinstock C, Zhang L, Charlab R, Dorff SE, Gong 
Y, et al. FDA approval summary: enfortumab vedotin for locally 

https://doi.org/10.1158/1078-0432.CCR-18-0481
https://doi.org/10.1158/1078-0432.CCR-18-0481
https://doi.org/10.1007/s40123-020-00280-8
https://doi.org/10.1007/s40123-020-00280-8
https://doi.org/10.1158/0008-5472.CAN-17-3202
https://doi.org/10.1158/0008-5472.CAN-17-3202
https://doi.org/10.1016/j.ophtha.2020.07.047
https://doi.org/10.1016/j.ophtha.2020.07.047
https://doi.org/10.2217/fon-2020-1269
https://doi.org/10.2217/fon-2020-1269
https://doi.org/10.1158/1538-7445.AM10-2436
https://doi.org/10.1158/1538-7445.AM10-2436
https://doi.org/10.1002/onco.13628
https://doi.org/10.1002/onco.13628
https://doi.org/10.1158/1535-7163.MCT-13-0926
https://doi.org/10.1158/1535-7163.MCT-13-0926
https://doi.org/10.1200/JCO.19.02085
https://doi.org/10.1200/JCO.19.02085
https://www.meddra.org/:
https://www.meddra.org/:
https://pubchem.ncbi.nlm.nih.gov/compound/Aprutumab-ixadotin
https://pubchem.ncbi.nlm.nih.gov/compound/Aprutumab-ixadotin
https://doi.org/10.1007/s11523-019-00670-4
https://doi.org/10.3389/fimmu.2018.01821
https://doi.org/10.3389/fimmu.2018.01821
https://doi.org/10.1016/S1470-2045(18)30576-X
https://doi.org/10.1016/S1470-2045(18)30576-X
https://doi.org/10.3324/haematol.2019.235937
http://www.clinicaltials.gov
https://doi.org/10.1182/hematology.2019000068
https://doi.org/10.1182/hematology.2019000068
https://doi.org/10.3324/haematol.2017.168401
https://doi.org/10.3324/haematol.2017.168401
https://doi.org/10.1186/s13045-019-0786-6
https://doi.org/10.1016/j.survophthal.2016.11.008
https://doi.org/10.1016/j.survophthal.2016.11.008
https://pubchem.ncbi.nlm.nih.gov/compound/Denintuzumab-mafodotin
https://pubchem.ncbi.nlm.nih.gov/compound/Denintuzumab-mafodotin
https://doi.org/10.1093/neuonc/nox202
https://doi.org/10.1093/neuonc/nox202
https://doi.org/10.1093/neuonc/noy091
https://doi.org/10.1093/neuonc/noy091
https://doi.org/10.1177/1758835920907543
https://doi.org/10.1177/1758835920907543
https://doi.org/10.3389/fonc.2020.593461
https://doi.org/10.3389/fonc.2020.593461
https://doi.org/10.1002/cncr.31304
https://doi.org/10.1007/s00280-017-3451-1
https://doi.org/10.1007/s00280-017-3451-1


3100 Clinical and Translational Oncology (2023) 25:3086–3100

1 3

advanced or metastatic urothelial carcinoma. Clin Cancer Res. 
2021;27:922–7. https:// doi. org/ 10. 1158/ 1078- 0432. CCR- 20- 2275.

 34. Xing L, Li Y, Lin L, Yu T, Wen K, Cho SF, et al. MEDI2228, a 
novel Bcma antibody-PBD conjugate, sensitizes human multiple 
myeloma cells to NK cell-mediated cytotoxicity and upregulates 
CD38 expression in MM cells. Blood. 2019;134:3096. https:// doi. 
org/ 10. 1182/ blood- 2019- 127135.

 35. Xing L, Wang S, Liu J, Yu T, Chen H, Wen K, et al. BCMA-
specific ADC MEDI2228 and daratumumab induce synergistic 
myeloma cytotoxicity via IFN-driven immune responses and 
enhanced CD38 expression. Clin Cancer Res. 2021;27:5376–88. 
https:// doi. org/ 10. 1158/ 1078- 0432. ccr- 21- 1621.

 36. Joseph NS, Tai YT, Anderson KC, Lonial S. Novel approaches to 
treating relapsed and refractory multiple myeloma with a focus 
on recent approvals of belantamab mafodotin and selinexor. Clin 
Pharmacol. 2021;13:169–80. https:// doi. org/ 10. 2147/ CPAA. 
S2888 40.

 37. Kleber M, Ntanasis-Stathopoulos I, Terpos E. BCMA in multiple 
myeloma-A promising key to therapy. J Clin Med. 2021;10:4088. 
https:// doi. org/ 10. 3390/ jcm10 184088.

 38. Moore KN, Borghaei H, O’Malley DM, Jeong W, Seward SM, 
Bauer TM, et al. Phase 1 dose-escalation study of mirvetuxi-
mab soravtansine (IMGN853), a folate receptor α-targeting 
antibody-drug conjugate, in patients with solid tumors. Cancer. 
2017;123:3080–7. https:// doi. org/ 10. 1002/ cncr. 30736.

 39. Moore KN, Martin LP, O’Malley DM, Matulonis UA, Konner 
JA, Perez RP, et al. Safety and activity of mirvetuximab soravtan-
sine (IMGN853), a folate receptor alpha-targeting antibody-drug 
conjugate, in platinum-resistant ovarian, fallopian tube, or pri-
mary peritoneal cancer: A phase I expansion study. J Clin Oncol. 
2017;35:1112–8. https:// doi. org/ 10. 1200/ JCO. 2016. 69. 9538.

 40. Arend RC, Jackson-Fisher A, Jacobs IA, Chou J, Monk BJ. Ovar-
ian cancer: new strategies and emerging targets for the treatment 
of patients with advanced disease. Cancer Biol Ther. 2021;22:89–
105. https:// doi. org/ 10. 1080/ 15384 047. 2020. 18689 37.

 41. Moore K, Oza A, Colombo N, Oaknin A, Scambia G, Lorusso D, 
et al. Forward I (GOG 3011): A phase III study of mirvetuximab 
soravtansine, a folate receptor alpha (FRa)-targeting antibody-
drug conjugate (ADC), versus chemotherapy in patients (pts) 
with platinum-resistant ovarian cancer (PROC). Ann Oncol. 
2019;30:403–34. https:// doi. org/ 10. 1093/ annonc/ mdz250.

 42. Moore KN, Oza AM, Colombo N, Oaknin A, Scambia G, Lorusso 
D, et al. Phase III, randomized trial of mirvetuximab soravtan-
sine versus chemotherapy in patients with platinum-resistant 
ovarian cancer: primary analysis of FORWARD I. Ann Oncol. 
2021;32:757–65. https:// doi. org/ 10. 1016/j. annonc. 2021. 02. 017.

 43. Shapiro GI, Vaishampayan UN, LoRusso P, Barton J, Hua S, 
Reich SD, et al. First-in-human trial of an anti-5T4 antibody-
monomethylauristatin conjugate, PF-06263507, in patients with 
advanced solid tumors. Invest New Drugs. 2017;35:315–23. 
https:// doi. org/ 10. 1007/ s10637- 016- 0419-7.

 44. Yonemori K, Kuboki Y, Hasegawa K, Iwata T, Kato H, Takehara 
K, et al. Tisotumab vedotin in Japanese patients with recurrent/
metastatic cervical cancer: results from the innovaTV 206 study. 
Cancer Sci. 2022;113:2788–97. https:// doi. org/ 10. 1111/ cas. 
15443.

 45. Manzano A, Ocaña A. Antibody-drug conjugates: A promising 
novel therapy for the treatment of ovarian cancer. Cancers (Basel). 
2020;12:2223. https:// doi. org/ 10. 3390/ cance rs120 82223.

 46. Coleman RL, Lorusso D, Gennigens C, González-Martín A, Ran-
dall L, Cibula D, et al. Efficacy and safety of tisotumab vedotin in 
previously treated recurrent or metastatic cervical cancer (inno-
vaTV 204/GOG-3023/ENGOT-cx6): a multicentre, open-label, 
single-arm, phase 2 study. Lancet Oncol. 2021;22:609–19. https:// 
doi. org/ 10. 1016/ S1470- 2045(21) 00056-5.

 47. Banerji U, van Herpen CML, Saura C, Thistlethwaite F, Lord S, 
Moreno V, et al. Trastuzumab duocarmazine in locally advanced 
and metastatic solid tumours and HER2-expressing breast can-
cer: a phase 1 dose-escalation and dose-expansion study. Lancet 
Oncol. 2019;20:1124–35. https:// doi. org/ 10. 1016/ S1470- 2045(19) 
30328-6.

 48. Verma S, Miles D, Gianni L, Krop IE, Welslau M, Baselga J, 
EMILIA Study Group, et al. Trastuzumab emtansine for HER2-
positive advanced breast cancer. N Engl J Med. 2012;367:1783–
91. https:// doi. org/ 10. 1056/ nejmo a1209 124.

 49. Creative Biolabs. Ado-trastuzumab Emtansine Overview [Inter-
net]. Available from: https:// www. creat ivebi olabs. net/ ado- trast 
uzumab- emtan sine- overv iew. htm

 50. Deklerck E, Denys H, Kreps EO. Corneal features in tras-
tuzumab emtansine treatment: not a rare occurrence. Breast 
Cancer Res Treat. 2019;175:525–30. https:// doi. org/ 10. 1007/ 
s10549- 019- 05179-y.

 51. Creative Biolabs. Vorsetuzumab Mafodotin Overview [Internet]. 
Available from: https:// www. creat ivebi olabs. net/ vorse tuzum ab- 
mafod otin- overv iew. htm

 52. European Medicines Agency (EMA). Blenrep. Anexo 1 ficha téc-
nica o resumen de las características del producto

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1158/1078-0432.CCR-20-2275
https://doi.org/10.1182/blood-2019-127135
https://doi.org/10.1182/blood-2019-127135
https://doi.org/10.1158/1078-0432.ccr-21-1621
https://doi.org/10.2147/CPAA.S288840
https://doi.org/10.2147/CPAA.S288840
https://doi.org/10.3390/jcm10184088
https://doi.org/10.1002/cncr.30736
https://doi.org/10.1200/JCO.2016.69.9538
https://doi.org/10.1080/15384047.2020.1868937
https://doi.org/10.1093/annonc/mdz250
https://doi.org/10.1016/j.annonc.2021.02.017
https://doi.org/10.1007/s10637-016-0419-7
https://doi.org/10.1111/cas.15443
https://doi.org/10.1111/cas.15443
https://doi.org/10.3390/cancers12082223
https://doi.org/10.1016/S1470-2045(21)00056-5
https://doi.org/10.1016/S1470-2045(21)00056-5
https://doi.org/10.1016/S1470-2045(19)30328-6
https://doi.org/10.1016/S1470-2045(19)30328-6
https://doi.org/10.1056/nejmoa1209124
https://www.creativebiolabs.net/ado-trastuzumab-emtansine-overview.htm
https://www.creativebiolabs.net/ado-trastuzumab-emtansine-overview.htm
https://doi.org/10.1007/s10549-019-05179-y
https://doi.org/10.1007/s10549-019-05179-y
https://www.creativebiolabs.net/vorsetuzumab-mafodotin-overview.htm
https://www.creativebiolabs.net/vorsetuzumab-mafodotin-overview.htm

	Adverse events of antibody–drug conjugates on the ocular surface in cancer therapy
	Abstract
	What are antibody–drug conjugates (ADCs)?
	Proposed pathophysiology of adverse effects (AEs) on the ocular surface caused by ADCs
	ADC-caused AEs on the ocular surface
	AGS-16M8F and AGS-16C3F
	Mechanism of action
	Types of AEs on the ocular surface
	Treatment of AEs on the ocular surface

	Anetumab ravtansine (BAY 94–9343)
	Mechanism of action
	Types of AEs on the ocular surface
	Treatment of AEs on the ocular surface

	Aprutumab ixadotin (BAY 1187982)
	Mechanism of action
	Types of AEs on the ocular surface
	Treatment of AEs on the ocular surface

	Belantamab mafodotin (belamaf, GSK2857916)
	Mechanism of action
	Types of AEs on the ocular surface
	Treatment of AEs on the ocular surface

	Coltuximab ravtansine (SAR3419, huB4-DM4)
	Mechanism of action
	Types of AEs on the ocular surface
	Treatment of AEs on the ocular surface

	Denintuzumab mafodotin (SGN-CD19A)
	Mechanism of action
	Types of AEs on the ocular surface
	Treatment of AEs on the ocular surface

	Depatuxizumab mafodotin (ABT-414)
	Mechanism of action
	Types of AEs on the ocular surface
	Treatment of AEs on the ocular surface

	Enfortumab vedotin
	Mechanism of action
	Types of AEs on the ocular surface
	Treatment of AEs on the ocular surface

	MEDI2228
	Mechanism of action
	Types of AEs on the ocular surface
	Treatment of AEs on the ocular surface

	Mirvetuximab soravtansine (IMGN853)
	Mechanism of action
	Types of AEs on the ocular surface
	Treatment of AEs on the ocular surface

	PF-06263507 (A1-mafodotin, A1-mcMMAF, and anti-5T4 monoclonal antibody)
	Mechanism of action
	Types of AEs on the ocular surface
	Treatment of AEs on the ocular surface

	Tisotumab vedotin
	Mechanism of action
	Types of AEs on the ocular surface
	Treatment of AEs on the ocular surface

	Trastuzumab duocarmazine (SYD985)
	Mechanism of action
	Types of AEs on the ocular surface
	Treatment of AEs on the ocular surface

	Trastuzumab emtansine (ado-trastuzumab emtansine, T-DM1)
	Mechanism of action
	Types of AEs on the ocular surface
	Treatment of AEs on the ocular surface

	Vorsetuzumab mafodotin (SGN-75, CD70-MMAF)
	Mechanism of action
	Types of AEs on the ocular surface
	Treatment of AEs on the ocular surface


	Conclusion
	Literature search
	Acknowledgements 
	References




