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Abstract: Belantamab mafodotin (belamaf) is a novel antibody-drug conjugate developed for the
treatment of patients with relapsed or refractory multiple myeloma (RRMM). Although the drug
has demonstrated a good efficacy, corneal adverse events have been reported. In this prospective
study, consecutive patients with RRMM who received belamaf infusions were included. The standard
ophthalmological visit was implemented with anterior segment (AS)-optical coherence tomography
(OCT) and in vivo confocal microscopy (IVCM). Five patients (three males, two females; mean age
66 £ 6.0 years) with MMRR and unremarkable ocular findings at baseline who received belamaf
infusion were included. After a median time of 28 days from the first infusion, four of them developed
corneal alterations with transient vision reduction to a variable extent. In particular, corneal deposits
of microcyst-like epithelial changes (MECs) were detected centrally in one patient and peripherally in
three patients. AS-OCT scans showed a bilateral heterogeneous increase in signal intensity, together
with hyper-reflective lesions confined within the epithelium in all cases, except for one case in which
they also involved the stroma. Corneal maps showed a transient increase in epithelial thickness in
the first phase that was followed by a diffuse decrease in the subsequent phase. IVCM scans showed
MECs as hyper-reflective opacities located at the level of corneal epithelium, largely intracellular.
Multimodal corneal imaging may implement the current clinical scale, helping us to detect corneal
abnormalities in patients under belamaf therapy. This workup provides useful data for monitoring
over time corneal findings and for optimizing systemic therapy.

Keywords: belantamab mafoditin; belamaf; multiple myeloma; cornea; side effects; vision

1. Introduction

Ocular surface diseases are common among hematological patients, either due to the
underlying diseases or the therapies employed for their treatment [1-3]. Multiple myeloma
(MM) is a hematologic cancer characterized by uncontrolled proliferation and subsequent
accumulation of malignant plasma cells in bone marrow. Despite the continuous attempt at
improving management by investigating new classes of therapeutic agents, unfortunately,
MM is still characterized by a poor prognosis. Indeed, a significant number of patients
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develop relapsed or refractory MM (RRMM) that is resistant to current standard-of-care
options, pointing out the widespread problem of an unmet medical need [4].

Belantamab mafodotin (balamaf) is a first-in-class antibody—drug conjugate developed
for the treatment of patients with RRMM. It consists of an anti-BMCA mAb conjugated
to the microtubule inhibitor monomethyl auristatin F. Belamaf eliminates MM cells by
multiple mechanisms of action, including apoptosis, antibody-dependent cell-mediated
anti-myeloma responses, accompanied by the release of markers characteristic of immuno-
genic cell death [5]. Although the drug has demonstrated a deep and durable response
in this type of patients, various corneal alterations have been reported so far, making the
multidisciplinary management even more challenging.

Herein, we present a series of patients who developed corneal adverse events associ-
ated with belamaf use and describe features, clinical outcomes, and potential importance to
oncologists as a harbinger of serious ocular sequelae. Furthermore, a multimodal imaging-
based diagnostic workup used in this series to detect and monitor over time corneal
alterations is presented.

2. Materials and Methods

This is a prospective observational study conducted at the Careggi University Hospital
(Florence, Italy) that included consecutive patients who received belamaf infusions at the
recommended dose (2.5 mg/kg) every 3 weeks for the treatment of RRMM between January
2021 and March 2021. All patients underwent an ophthalmological visit before starting
treatment, including best corrected visual acuity (BCVA) testing, slit lamp evaluation of the
cornea with photograph, intraocular pressure measurement and fundoscopy. The standard
visit was implemented with a diagnostic workup focused on cornea that included anterior
segment (AS)-optical coherence tomography (OCT) for the studying of corneal maps
and in vivo confocal microscopy (IVCM). In particular, corneal epithelial thickness was
measured in 5 sectors: one central 3 mm diameter and four inner sectors (inferior, superior,
nasal, and temporal) within a ring (3-6 mm in diameter). Patients were followed-up for at
least 12 months and underwent serial ophthalmological visits before each drug infusion.

3. Results

Opverall, five patients (three males, two females; mean age 66 + 6.0 years) with MMRR
were screened for belamaf infusion during the study period. At baseline, all of them pre-
sented full vision (mean pre-belamaf BCVA of 20/20) and did not present any remarkable
corneal findings; thus, they were treated with belamaf according to drug protocol. Follow-
ing a mean time of 28 days from the first belamaf infusion, four patients developed corneal
alterations with a variable degree of vision reduction (mean post-belamaf BCVA of 20/32).
On slit lamp examination, corneal deposits with microcyst-like epithelial changes (MECs)
were detected bilaterally in the center of the cornea in one patient and in the peripheral
cornea in three patients (Figure 1). Of note, the patient with central MECs complained of
blurred vision, while two of the remaining patients with peripheral MECs reported only
dry-eye-like symptoms. Two patients switched to a modified therapy regimen, delaying
by a week the treatment due to corneal adverse events. In two cases, the epithelial lesions,
which were initially small and located in corneal periphery and mid-periphery, migrated
towards central cornea, becoming progressively more numerous; afterwards, they slowly
decreased in number, as demonstrated both clinically and instrumentally.

AS-OCT scans showed a bilateral heterogeneous increase in signal intensity, together
with hyper-reflective lesions corresponding to visible corneal alterations at slit lamp. These
lesions were confined within the epithelium, but in one case, they migrated deeper, involv-
ing the stroma (Figure 2).

Corneal epithelial maps showed a transient CET increase soon after the first infu-
sion, followed by a progressive decrease during the following infusions (“plateau phase”)
(Figures 3 and 4).
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Figure 1. Slit-lamp photograph of the cornea in a patient with belamaf keratopathy. (A): Diffuse
microcystic-like epithelial changes (MECs) in the central cornea. (B): Better visualization of MECs
aided by retroillumination and pupil dilation.

Figure 2. Anterior segment optical coherence tomography (AS-OCT) in a patient with belamaf
keratopathy showing heterogeneous, diffuse corneal epithelium hyper-reflectivity corresponding to
MECs (arrowheads), with a small hyper-reflective area extending to the anterior stroma associated
with a focal interruption of the Bowman layer (arrow).

Figure 3. Corneal epithelial thickness (CET) mapping during monthly infusions of belamaf in a
patient with belamaf keratopathy. (A): Before the second infusion showing a localized transitory CET
increase; (B-D): Progressive reduction in CET over time, respectively, before the third, fourth and
fifth infusion (“plateau phase”).
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Figure 4. Graph showing the changes of average values of corneal epithelial thickness (CET) mea-
sured in 5 sectors according to the infusion of belamaf in a representative patient. After the first
dose, an increase in CET with the appearance of central MECs and vision reduction were found.
The second dose was therefore delayed by one week. After the third and the fourth dose, a diffuse
decrease in CET was assessed, followed by a “plateau phase” after the fifth dose. CET values are
expressed in micron.

Using IVCM, MECs appeared as hyper-reflective opacities, sometimes arranged in
clusters, resembling a “pseudo-rosette” pattern, located at the level of corneal epithelium,
largely intracellular. In particular, in one patient, multiple hyper-reflective deposits were
detected inside corneal epithelium at the level of alar and basal corneal cells rather than
superficial cells; in another patient, completely asymptomatic, isolated peripheral sub-
epithelial opacities were detected that subsequently were also found at the level of anterior
stroma by means of IVCM (Figure 5).

Figure 5. In vivo confocal microscopy (IVCM) of the cornea in a patient with belamaf keratopathy.
(A): MECs appeared as hyper-reflective (at least predominantly) intracellular opacities present at
the level of basal epithelium. (B): Hyperreflective lesions arranged in clusters, resembling “pseudo-
rosette” pattern at the level of sub-basal nerve plexus. (C): Activated keratocyte network detected in
the anterior stroma. (D): Normal endothelial cells morphology.
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4. Discussion

Since the introduction of belamaf therapy for RRMM, a number of corneal side effects
have been attributed to its use. These mostly include superficial punctate keratopathy
and/or MECs detectable at slit lamp examination. Of note, ocular adverse events such as
blurred vision, dry-eye-like symptoms and keratopathy have been reported in 69% to 74%
of patients in the DREAMM-1 and DREAMM-2 trials, requiring dose reduction or even
interruption in 27% to 46% of cases [6,7]. Remarkably, other off-label drugs previously
adopted for the treatment of MM were shown to induce corneal epithelial alterations,
probably resulting from drug accumulation in the epithelium and subsequent cellular
apoptosis. Among these, depatuximab mafoditin, which acts as an epidermal growth
factor receptor inhibitor, caused a reversible corneal epitheliopathy in treated patients,
characterized by multiple and diffuse hyper-reflective spots, progressive sub-basal nerve
plexus fragmentation and by the appearance of cystic structures at the level of corneal
epithelium [8-10].

Belamaf-related corneal alterations usually originate in the peripheral region of the
cornea and then gradually migrate towards the center (“centripetal pattern”) [4]. The
localization of corneal opacities in the central cornea along with the related irregular
astigmatism determine changes in vision, including subjective blurred vision. However,
a linear relationship between the severity of keratopathy and the reduction in vision has
not been observed. More recently, corneal staining patterns suggestive of limbal stem cell
deficiency have been described in a cohort of patients receiving prolonged therapy [11].

Corneal toxicity is more likely to occur when the drug is used at higher doses, and
the proposed mechanism is thought to derive from the off-target effect of its cytotoxic
component (i.e., the microtubule-disrupting monomethyl auristatin-F [MMAF]) [6].

Efforts are being made to understand the etiology behind this clinical entity in order
to identify potential mitigation strategies. For this task, multimodal imaging is of crucial
importance, as it helps to better characterize the nature of such findings. Of note, the
involved areas of corneal epithelium were found to contain hyper-reflective material, rather
than microcysts on IVCM. The solid nature of these epithelial lesions is also corroborated
by AS-OCT, where they appear once again hyper-reflective. Therefore, this material could
potentially represent the accumulation of apoptotic end products in the intercellular spaces
of corneal epithelium. Similarly, hyper-reflective lesions on AS-OCT may be the conse-
quence of the accumulation of either pre-apoptotic or degenerated cells caused by the
internalization of belantamab [11]. Specifically, it has been hypothesized that belamaf could
reach the cornea through limbal vessels or tears and could then undergo cellular uptake
into the corneal basal epithelial layer. Once internalized into epithelial cells, it may induce
their apoptosis via microtubulin inhibition during their travel from the basal layer towards
the surface and the center of cornea [12]. Nevertheless, belamaf deposits were identified
also in the sub-Bowman layer, suggesting that other mechanisms of toxicity might also be
involved [13].

In order to provide a common standardized and repeatable tool for clinical evaluation,
an expert board has recently proposed a keratopathy and visual acuity scale (KVA scale)
based on the worst finding of either keratopathy subjectively graded on slit lamp exami-
nation (the deeper is the corneal involvement the worst is the grade of the keratopathy)
or visual acuity testing. Recommendations for the management of corneal events have
been formulated according to the KVA scale as follows: continue treatment at the current
dose for grade 1/mild events; delay treatment for grade 2/moderate events until the event
improves to a grade 1/mild event or resolves, or for grade 3/4 (severe) events, until these
improve to a grade 1/mild event [6].

Our report aimed at describing corneal findings of patients receiving belamaf infusions
for RRMM, especially focusing on clinical course monitored by different corneal imaging
techniques. Thanks to advances in multimodal corneal imaging including IVCM and
AS-OCT, ophthalmologists may benefit from these techniques by easily detecting corneal



J. Clin. Med. 2022, 11, 2884

60f7

abnormalities, even at a subclinical stage, and subsequently defining and monitoring over
time the entity of corneal involvement [11-14].

Using IVCM, MECs appear as hyper-reflective opacities, sometimes arranged in a
“pseudo-rosette” pattern, located within the basal epithelium and the sub-basal nerve
plexus; the stroma shows only non-specific signs of inflammation with sporadic activated
keratocytes, while the endothelium is typically unaffected; specific lesions at the sub-
basal nerve plexus layer were also recently detected and characterized [13]. However,
although IVCM is very sensitive to identify potential preclinical findings, it does not
provide quantitative measurements of biomarkers useful for monitoring over time corneal
changes, especially when few modifications must be detected. Using AS-OCT, corneal
alterations can be detected as hyper-reflective lesions, usually located within the corneal
epithelium. In one case of our series, it allowed for the identification of lesions located
deeper in the stroma (Figure 2). To the best of our knowledge, this AS-OCT finding is
reported here for the first time. Furthermore, corneal maps allowed us to measure the
thickness of the corneal epithelium that was found to be increased in the initial phase of
the keratopathy and then tended to decrease to baseline values (Figure 3) [11].

However, it should be pointed out that, since half of the patients may present ob-
jective signs of keratopathy without reporting any symptoms, ophthalmic examination
should be performed at baseline and before each dose of the drug in order to detect early
corneal changes.

The management of belamaf-induced toxicity requires a multidisciplinary approach
involving a hematologist and an ophthalmologist, and the clinical decision should be
reached together taking into account the individual benefit/risk ratio according to both
ocular and systemic conditions. Overall, single-agent belamaf (2.5 mg/kg) has shown a
manageable safety profile. Ocular alterations usually recover spontaneously once treatment
is discontinued or may be successfully reversed with dose tapering or by delaying the time
interval of suspension between two cycles. This evidence is based on the experience of
a DREAMM-2 study that reported the need for drug discontinuation due to keratopathy
in only 1 out 95 patients who received the 2.5 mg/kg dose, indicating that patients were
able to remain on treatment while these events were monitored [5]. In this regard, the
recent flow chart of multidisciplinary approach created by an expert board for managing
corneal events with belamaf will assist physician to better cope with this condition [6].
The implementation of the KVA scale with a multimodal corneal imaging may further
help to detect corneal abnormalities, even at a subclinical stage, providing useful data
for monitoring over time corneal findings and for optimizing belamaf therapy. Although
both AS-OCT and IVCM represent two valuable tools for this task, the former examination
and, in particular, corneal topography with specific focus on the epithelial map could be
incorporated in the current clinical scale (KVA) in order to quantify corneal involvement
and provide a reliable biomarker. Furthermore, unlike IVCM, this technique is completely
noninvasive and is available in almost the totality of ophthalmic departments.

Future prospective trials are needed to provide more comprehensive information
about belamaf-associated keratopathy as well as for identifying the most appropriate
diagnostic workup able to optimize therapy in RRMM patients.

Author Contributions: Conceptualization, M.C.; Data curation, L.A., L.ED. and G.G.; Formal anal-
ysis, RM. and L.A.; Investigation, M.C. and G.G.; Methodology, M.C., C.S., A.V,, LED. and G.G;
Project administration, L.ED.; Resources, C.S.; Supervision, V.S.; Validation, A.V.; Visualization, V.S.;
Writing—review & editing, A.V,, LED. and V.S. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: All subjects gave their informed consent for inclusion before
they participated in the study. The study was conducted in accordance with the Declaration of
Helsinki. It represents an observational case series deemed not to constitute research, therefore a
specific ethics committee /IRB approval was not required.



J. Clin. Med. 2022, 11, 2884 70of7

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy issues.

Conflicts of Interest: The authors declare no conflict of interes.

References

1.

10.

11.

12.

13.

14.

Klintworth, G.K.; Bredehoeft, S.J.; Reed, ].W. Analysis of corneal crystalline deposits in multiple myeloma. Am. J. Ophthalmol.
1978, 86, 303-313. [CrossRef]

Giannaccare, G.; Pellegrini, M.; Bernabei, F.; Scorcia, V.; Campos, E. Ocular surface system alterations in ocular graft-versus-host
disease: All the pieces of the complex puzzle. Graefes Arch. Clin. Exp. Ophthalmol. 2019, 257, 1341-1351. [CrossRef] [PubMed]
Chiang, J.C.B.; Zahari, I.; Markoulli, M.; Krishnan, A.V.; Park, S.B.; Semmler, A.; Goldstein, D.; Edwards, K. The impact of
anticancer drugs on the ocular surface. Ocul. Surf. 2020, 18, 403-417. [CrossRef] [PubMed]

Farooq, A.V.; Degli Esposti, S.; Popat, R.; Thulasi, P.; Lonial, S.; Nooka, A K,; Jakubowiak, A.; Sborov, D.; Zaugg, B.E.; Badros,
A.Z.; et al. Corneal Epithelial Findings in Patients with Multiple Myeloma Treated with Antibody-Drug Conjugate Belantamab
Mafodotin in the Pivotal, Randomized, DREAMM-2 Study. Ophthalmol. Ther. 2020, 9, 889-911. [CrossRef] [PubMed]

Lonial, S.; Nooka, A K.; Thulasi, P.; Badros, A.Z.; Jeng, B.H.; Callander, N.S.; Potter, H.A.; Sborov, D.; Zaugg, B.E.; Popat, R,;
et al. Management of belantamab mafodotin-associated corneal events in patients with relapsed or refractory multiple myeloma
(RRMM). Blood Cancer J. 2021, 11, 103. [CrossRef] [PubMed]

Lonial, S.; Lee, H.C.; Badros, A.; Trudel, S.; Nooka, A.K.; Chari, A.; Abdallah, A.-O.; Callander, N.; Lendvai, N.; Sborov, D.; et al.
Belantamab mafodotin for relapsed or refractory multiple myeloma (DREAMMS-2): A two-arm, randomised, open-label, phase 2
study. Lancet Oncol. 2020, 21, 207-221. [CrossRef]

Trudel, S.; Lendvai, N.; Popat, R.; Voorhees, PM.; Reeves, B.; Libby, E.N.; Richardson, P.G.; Hoos, A.; Gupta, I.; Bragulat, V.; et al.
Antibody-Drug Conjugate, GSK2857916, in Relapsed /Refractory Multiple Myeloma: An Update on Safety and Efficacy from
Dose Expansion Phase I Study. Blood Cancer J. 2019, 9, 37. [CrossRef] [PubMed]

Rocha-de-Lossada, C.; Alba Linero, C.; Santos Ortega, A.; Rodriguez Calvo-de-Mora, M.; Rachwani, R.; Borroni, D.; Alba, E.;
Benavides Orgaz, M.; Romano, V. Ocular surface toxicity of depatuxizumab mafoditin (ABT-414): Case reports. Arq. Bras.
Oftalmol. 2021. [CrossRef]

Lee, B.A.; Lee, M.S.; Maltry, A.C.; Hou, ]J.H. Clinical and Histological Characterization of Toxic Keratopathy from Depatuxizumab
Mafodotin (ABT-414), an Antibody-Drug Conjugate. Cornea 2021, 40, 1197-1200. [CrossRef] [PubMed]

Parrozzani, R.; Lombardi, G.; Midena, E.; Londei, D.; Padovan, M.; Marchione, G.; Caccese, M.; Midena, G.; Zagonel, V,;
Frizziero, L. Ocular Side Effects of EGFR-Inhibitor ABT-414 in Recurrent Glioblastoma: A Long-Term Safety Study. Front. Oncol.
2020, 10, 593461. [CrossRef] [PubMed]

Bausell, R.B.; Soleimani, A.; Vinnett, A.; Baroni, M.D.; Staub, S.A.; Binion, K.; Jeng, B.H.; Badros, A.Z.; Munir, W.M. Corneal
changes after Belantamab mafodotin in multiple myeloma patients. Eye Contact Lens. 2021, 47, 362-365. [CrossRef] [PubMed]
Wahab, A.; Rafae, A.; Mushtaq, K.; Masood, A.; Ehsan, H.; Khakwani, M.; Khan, A. Ocular Toxicity of Belantamab Mafodotin, an
Oncological Perspective of Management in Relapsed and Refractory Multiple Myeloma. Front. Oncol. 2021, 11, 678634. [CrossRef]
[PubMed]

Marquant, K.; Quinquenel, A.; Arndt, C.; Denoyer, A. Corneal in vivo confocal microscopy to detect belantamab mafodotin-
induced ocular toxicity early and adjust the dose accordingly: A case report. |. Hematol. Oncol. 2021, 14, 159. [CrossRef]
[PubMed]

Matsumiya, W.; Karaca, I.; Ghoraba, H.; Akhavanrezayat, A.; Mobasserian, A.; Hassan, M.; Regenold, ].; Yasar, C.; Liedtke, M.;
Kitazawa, K,; et al. Structural changes of corneal epithelium in belantamab-associated superficial keratopathy using anterior
segment optical coherence tomography. Am. J. Ophthalmol. Case Rep. 2021, 23, 101133. [CrossRef] [PubMed]


http://doi.org/10.1016/0002-9394(78)90230-1
http://doi.org/10.1007/s00417-019-04301-6
http://www.ncbi.nlm.nih.gov/pubmed/30944986
http://doi.org/10.1016/j.jtos.2020.03.008
http://www.ncbi.nlm.nih.gov/pubmed/32344148
http://doi.org/10.1007/s40123-020-00280-8
http://www.ncbi.nlm.nih.gov/pubmed/32712806
http://doi.org/10.1038/s41408-021-00494-4
http://www.ncbi.nlm.nih.gov/pubmed/34039952
http://doi.org/10.1016/S1470-2045(19)30788-0
http://doi.org/10.1038/s41408-019-0196-6
http://www.ncbi.nlm.nih.gov/pubmed/30894515
http://doi.org/10.5935/0004-2749.20220039
http://doi.org/10.1097/ICO.0000000000002595
http://www.ncbi.nlm.nih.gov/pubmed/33201054
http://doi.org/10.3389/fonc.2020.593461
http://www.ncbi.nlm.nih.gov/pubmed/33154952
http://doi.org/10.1097/ICL.0000000000000768
http://www.ncbi.nlm.nih.gov/pubmed/33306485
http://doi.org/10.3389/fonc.2021.678634
http://www.ncbi.nlm.nih.gov/pubmed/34046363
http://doi.org/10.1186/s13045-021-01172-5
http://www.ncbi.nlm.nih.gov/pubmed/34602074
http://doi.org/10.1016/j.ajoc.2021.101133
http://www.ncbi.nlm.nih.gov/pubmed/34169181

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	References

