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A B S T R A C T   

Purpose: To describe structural changes in corneal epithelium using anterior segment optical coherence tomog-
raphy (AS-OCT) in two relapsed and refractory multiple myeloma (RRMM) patients with bilateral belantamab- 
associated superficial keratopathy (BASK). 
Observations: case 1: A 56-year-old male who was diagnosed with RRMM and initiated on belantamab mafodotin, 
presented on day 42 (three weeks after the second infusion) with decreased pinhole visual acuity from 20/20 and 
20/25 to 20/70 and 20/50 in the right eye and left eye, respectively. Slit-lamp examination revealed moderate 
superficial keratopathy with microcystic-like epithelial changes (MECs) in the paracentral cornea in both eyes. 
AS-OCT demonstrated increased bilateral heterogeneous signal intensity and hyperreflective lesions as well as 
increased thickness in the paracentral corneal epithelium with uninvolved central cornea. Given bilateral MECs, 
the third infusion was withheld, and then given on day 62 after five weeks of drug-free interval. Although MECs 
had improved on day 82, pinhole visual acuity remained at 20/50 and 20/40 in the right eye and the left eye. AS- 
OCT showed that hyperreflective lesions mostly resolved and corneal epithelial thickness returned to baseline, 
despite a slightly increased persisting heterogeneous signal intensity in the peripheral corneal epithelium in both 
eyes. 
Case 2: A 77-year-old male with RRMM was started on belantamab mafodotin infusions. His pinhole visual acuity 
decreased from 20/40 and 20/30 at baseline to 20/60 and 20/40 on day 41 (three weeks after the second 
infusion) in the right eye and left eye, respectively. Slit-lamp examination showed diffuse, moderate MECs in 
both eyes, which was more severe in the peripheral cornea. AS-OCT demonstrated increased bilateral hetero-
geneous signal intensity and hyperreflective lesions in the corneal epithelium, which are more severe in the right 
eye along with increased corneal epithelial thickness. Therefore, belantamab mafodotin was withheld. 
Conclusions and Impotance: AS-OCT objectively demonstrated structural changes such as signal intensity and 
thickness alterations with hyperreflective lesions in the corneal epithelium related to BASK. AS-OCT might be 
useful for clinicians to monitor ocular surface adverse events in RRMM patients receiving belantamab mafodotin 
and to adjust therapeutic plans for the patients.   
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1. Introduction 

Multiple myeloma (MM) is a malignancy of the hematopoietic sys-
tem characterized by abnormal proliferation of plasma cells in the bone 
marrow.1 MM constitutes 1–2% of all malignancies, with the median age 
at diagnosis of 69 years.2 Although MM is relatively rare, a significant 
number of patients suffer from relapsed or refractory MM (RRMM), 
management of which is still quite challenging.2 RRMM displays an 
extremely poor prognosis (median overall survival of 9.3 months) and is 
resistant to current treatment plans, demonstrating unmet needs for 
novel therapeutics.3,4 

Recently, belantamab mafodotin, an antibody-drug conjugate (ADC) 
against B-cell maturation antigen (BCMA), has shown promise with fast 
and favorable responses in RRMM.5–7 However, it has been shown to 
cause significant ocular surface adverse events (AEs) in the form of 
“superficial keratopathy” involving multiple, bilateral, microcystic-like 
epithelial changes (MECs) that might necessitate temporary cessation 
or discontinuation of treatment.8,9 Belantamab-associated superficial 
keratopathy (BASK) is currently assessed according to the DREAMM-2 
study protocol-specified criteria, called “keratopathy and visual acuity 
(KVA) scale”.9 Aside from changes in best-corrected visual acuity 
(BCVA), KVA scale is based on corneal changes on slit-lamp examination 
(SLE) which is partially subjective and requires special consideration. In 
the DREAMM-2 study,9 69% of patients receiving belantamab 
(2.5mg/kg) developed BASK by the fourth infusion. Among patients 
with MECs, over 70% had ≥ 2 lines BCVA decline, and/or symptoms of 
blurred vision or subjective dry eye. However, the majority (80%) of 
patients with MECs spontaneously recovered at follow-up visits, which 
was mainly approximately 2–6 months post-treatment.9 Despite BASK 
being well described using in vivo confocal microscopy (IVCM),9 its 
pathogenesis has not been completely elucidated. 

Anterior segment optical coherence tomography (AS-OCT) is a non- 
invasive, objective tool which provides high-resolution details about 
corneal changes in ocular surface and corneal diseases.10 AS-OCT is 
widely used for diagnostic and follow-up purposes in clinical practice. It 

enables quantitative measurement of corneal epithelial, stromal, and 
endothelial thicknesses.11,12 Given the fact that BASK was commonly 
observed in patients receiving belantamab mafodotin, it is important to 
evaluate this novel finding objectively. Herein, we present AS-OCT 
findings of two RRMM patients who developed BASK during their 
treatment course. 

2. Case presentation 

2.1. Case 1 

A 56-year-old male with a history of hypertension and type 2 dia-
betes mellitus was diagnosed with RRMM as a result of unresponsiveness 
to multiple prior therapies three and a half years ago. Given previous 
multiple treatment failures (≥4), belantamab mafodotin was chosen as 
the next therapeutic agent. Following the protocol under a Risk Evalu-
ation and Mitigation Strategy (REMS), the patient was referred to our 
clinic for baseline evaluation. At that time, his pinhole visual acuity (VA) 
was 20/20 and 20/25 in the right eye (OD) and left eye (OS), respec-
tively. SLE was unremarkable with clear corneas and no abnormal 
findings in the anterior and posterior segments in OU. The patient de-
nied any ocular symptoms, previous ocular disease or surgery. Belan-
tamab mafodotin infusion (2.5 mg/kg) was initiated for him (day 0), and 
the second infusion was given on day 21. One week following the second 
infusion, the patient noticed visual loss in both eyes (OU). Additional 
symptoms of ocular discomfort such as blurriness and dryness were also 
experienced two weeks after the second infusion. At the follow-up visit 
on day 42, his pinhole VA had decreased to 20/70 in OD, and 20/50 in 
OS. In SLE, a ring-shaped, moderate amount of superficial keratopathy 
in the form of diffuse MECs in the paracentral cornea was observed in 
OU. The central portion of the cornea was clear in OU (Fig. 1). At the 
same time, corneal topography revealed irregular astigmatism which 
was greater in OD than in OS. The horizontal B-scan image through 
central cornea on AS-OCT(OptoVue RTVue, Fremont, CA) revealed 
increased heterogeneous signal intensity and hyperreflective lesions in 

Fig. 1. Slit lamp photographs and anterior segment coherence tomography (AS-OCT) scans of Case 1 during the follow-up in the right eye (OD) (A1, A2, C1, C2, E1 
and E2) and in the left eye (OS). (B1, B2, D1, D2, F1 and F2) 
At baseline, clear cornea in both eyes (OU) (A1 and B1) and homogenous signal intensity in corneal epithelium with an intact Bowman layer (BL) at the central 
cornea (red box) and paracentral cornea (yellow box) on AS-OCT (A2 and B2). After the second infusion of belantamab mafodotin on day 42, microcystic-like 
epithelial changes (MECs) with no central cornea involvement in OU were observed (C1 and D1). The presence of homogenous signal intensity and clear BL at 
the central cornea (red box), with increased heterogeneous signal intensity and hyperreflective lesions (yellow arrows) in the corneal epithelium in OU, BL dis-
ruptions (yellow arrow heads) in OD and increasing corneal epithelial thickness (CET) at paracentral cornea (yellow box) in OU (C2 and D2). On day 82, there were 
mild residual keratopathies OU (E1 and F1), which improved as compared to day 42. There were no change of epithelial intensity and CET at central cornea (red box) 
in OU. At paracentral cornea (yellow box), hyperreflective lesions in epithelium and epithelial intensity improved to homogeneity and CET decreased to baseline 
level in OU (E2 and F2). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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the paracentral corneal epithelium with uninvolved central cornea. 
Several disruptions in the line of the Bowman’s layer (BL) were observed 
in OD (Fig. 1). In addition, the mean of the full corneal epithelial 
thickness (CET) increased from 49μm to 47μm at the baseline to 79μm 
and 73μm on day 42 in OD and OS, respectively. Although there was no 
change in CET at the central cornea, increased CET was demonstrated at 
the 1mm, 2mm, and 3mm nasally and temporally away from the central 
cornea in OU (Fig. 3). The indicated bilateral corneal findings were 
recorded as grade 2 (moderate) superficial keratopathy (KVA scale); 
therefore, the third infusion was withheld based on regulations under 
REMS. The patient was placed on bilateral topical prednisolone acetate 
twice daily and preservative-free artificial tears eight times daily. 
Despite profound changes observed in OD compared to OS, MECs clin-
ically improved based on the KVA scale on SLE in OU on day 59, and 
pinhole VA was 20/40 and 20/30 in OD and OS, respectively. After 
discussion with the Hematology team, the patient received the third 
dose of belantamab mafodotin (2.5 mg/kg) on day 62. At the most recent 
visit on day 82, his pinhole VA was 20/50 and 20/40 in OD and OS, 
respectively. There was residual mild superficial keratopathy in OU, 
which improved further with bilateral topical prednisolone acetate once 
daily. On AS-OCT, the hyperreflective lesions mostly resolved despite 
the slightly increased persistent heterogeneous signal intensity in the 
peripheral corneal epithelium in OU (Fig. 1). The mean of full CET 
decreased to 51μm OD and 51μm in OS, which was similar to baseline 
measurements; no thickening of CET at any point on day 82 was 
detected on AS-OCT in OU compared to baseline measurements. Except 
for corneal epithelium and BL, no abnormality of the stromal layer or 
other components of the cornea in OU was observed on OCT throughout 
the clinical course (Fig. 3). No other AE was detected during the follow- 
up period. 

2.2. Case 2 

A 77-year-old male with a history of MM was referred to our clinic for 
ophthalmic evaluation before belantamab mafodotin therapy. He was 
initially diagnosed with MM about two decades ago. Relapsed myeloma 
was later treated with multiple therapies. Subsequently, the patient 
developed anaplastic large cell non-Hodgkin’s lymphoma (NHL) 7 years 
ago, which was treated with intensive chemotherapy that led to clinical 
remission. During the past three years, the patient had been treated for 
relapsed myeloma. However, four months ago, the patient had a relapse 
of MM, and was diagnosed with RRMM. The Hematology team then 

decided to initiate belantamab mafodotin therapy due to the previous 
multiple treatments (≧4). At the baseline evaluation, his pinhole VA was 
20/40 in OD and 20/30 in OS. SLE revealed bilateral clear corneas and 
no abnormality of the anterior and posterior segments except mild nu-
clear sclerosis. The patient denied any ocular symptoms, previous ocular 
disease or surgery. The patient received his first belantamab mafodotin 
(2.5 mg/kg) infusion (day 0). He was also given the second infusion on 
day 21. There was no ocular AE after the first infusion. Subsequently, 
one week after the second infusion, the patient noted bilateral decrease 
in his vision despite using preservative-free artificial tears four times 
daily. At the follow-up visit on day 41, his pinhole VA had decreased to 
20/60 and 20/40 in OD and OS, respectively. SLE and VA assessment 
established grade 2 (moderate) diffuse superficial keratopathy with 
involvement of the entire cornea according to KVA scale in OU; the 
findings were more severe in the peripheral cornea. AS-OCT also showed 
increased heterogeneous signal intensity and hyperreflective lesions in 
the corneal epithelium in the paracentral region in OU, which was more 
severe in OD (Fig. 2). The mean of full CET demonstrated an increase to 
60 μm from the baseline value of 48 μm in OD, while there was no 
change in OS (Fig. 3). Therefore, belantamab mafodotin infusions were 
held until the re-initiation criteria can be achieved. There were no 
abnormal findings in corneal stroma or other components of the cornea 
except corneal epithelium, and no changes in corneal thickness without 
CET was observed in OU throughout the clinical cause (Fig. 3). Given the 
decreased vision with moderate diffuse superficial keratopathy in both 
eyes, topical prednisolone acetate 1% was started bilaterally four times 
daily and artificial tears were increased to eight times daily to help to 
relieve visual symptoms due to superficial keratopathy. The patient did 
not experience any other AEs during his follow-up. 

3. Discussion 

Antibody-drug conjugates (ADCs) are among the newest biological 
therapeutics in cancer treatment, consisting of monoclonal antibodies 
coupled to an antitumor cytotoxin (cytotoxic payload). The ADCs bind 
to a targeted tumor cell surface antigen via specific receptors resulting in 
internalization of the cytotoxic payloads into the tumor cell. Such pro-
cess eventually leads to cell death by apoptosis.13 In addition to several 
existing ADCs in clinical use,14–17 the United States Food and Drug 
Administration (FDA) has recently approved belantamab mafodotin as a 
first-in-class ADC targeting B-cell maturation antigen (BCMA) for the 
treatment of RRMM in patients who failed at least four prior treatments, 

Fig. 2. Slit lamp photographs and anterior segment coherence tomography (AS-OCT) scans of Case 2 during the follow-up in OD (A1, A2, C1 and C2) and OS (B1, B2, 
D1 and D2) 
At the baseline, clear cornea in OU (A1 and B1) and homogenous signal intensity in corneal epithelium with an intact BL at the central cornea (red box) and 
paracentral cornea (yellow box) on AS-OCT (A2 and B2) were seen. 
After the second infusion of belantamab mafodotin on day 41, mild diffuse microcystic-like epithelial changes (MECs) (C1 and D1) were detected. The presence of 
mildly increased heterogeneous signal intensity (red arrows) at the central cornea (red box), and more severe increased heterogeneous signal intensity (yellow 
arrows) with small hyperreflective lesions at the paracentral cornea (yellow box) in OD (C2). Mild heterogeneous signal intensity increase (red and yellow arrows) at 
the central cornea (red box) and at paracentral cornea (yellow box) in OS (D2) were observed. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.) 
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including anti-CD38 monoclonal antibody, proteasome inhibitor, and 
immunomodulatory agent.13 

Although ADCs use is associated with ocular surface AEs in the form 
of superficial keratopathy,8 the underlying mechanism for the devel-
opment of superficial keratopathy might involve either on-target or 
off-target mechanisms. In an on-target mechanism, non-cancerous cells 
express the target antigen which can bind to monoclonal antibody, and 
subsequently the cytotoxic payload is released into the cell. Alterna-
tively, an off-target mechanism occurs when non-cancerous cells that do 
not express the target antigen are exposed to the cytotoxic payload via 
several mechanisms (e.g., Fc-receptor-mediated endocytosis, pinocy-
tosis and bystander toxicity).18,19 It is believed that 
belantamab-associated superficial keratopathy (BASK) arises as a result 
of an off-target mechanism, because the protein targeted by belantamab 
mafodotin, BCMA, is not expressed in the cornea. 

In the phase 2 trial (DREAMM-2 study), ocular surface AEs (super-
ficial keratopathy involving MECs) were observed in 69% of the patients 
by the fourth treatment cycle.7, 9According to KVA scale, 8%, 17%, 45% 
and 1% of the study patients had grade1 (mild), grade 2 (moderate), 
grade 3 and grade 4 (severe) superficial keratopathy, respectively.9 

Many of the patients developed superficial keratopathy within the first 2 
treatment cycles, with the cumulative incidence of 69% by cycle 4.9 In 
addition, 72% of the patients with MECs had ocular symptoms such as 
blurred vision and subjective dry eye sensation with/without BCVA 
decline in the better-seeing eye. Bausell et al.20 also reported that 12 
patients treated with belantamab mafodotin developed MECs that 
initially appeared in the peripheral cornea and progressed centrally with 

time. These changes developed after an average of 1.7 treatment cycles 
or 34 days after the first treatment dose. Similarly, our report demon-
strated bilateral grade 2 ocular surface AEs (moderate superficial ker-
atopathy) which were first detected after the second infusion in both 
cases. The keratopathy was accompanied by bilateral moderate (≧2 -line 
decline in pinhole VA) visual loss in Case 1, and mild (＜2 lines decline 
in pinhole VA) visual loss in Case 2. 

Other differential diagnoses which should be ruled out include dry 
eye syndrome, corneal dystrophy, infectious keratitis, and/or keratitis 
associated with autoimmune connective tissue diseases, were not found 
in our cases, as well as drug-induced corneal epithelial changes [e.g. 
amiodarone, chlorpromazine, tamoxifen, tilorone, clarithromycin, 
topical ciprofloxacin, gold salts, or cytarabine (Ara-C)].21 Although on 
rare occasions, MM patients might also display corneal epithelial ker-
atopathy as a concurrent disease,22 given the clinical time course, the 
presented corneal changes were unlikely to be linked to MM. Therefore, 
BASK was thought to be the most probable diagnosis in the index cases. 

In addition, the DREAMM-2 study investigated the corneas of pa-
tients with MECs using in vivo confocal microscopy (IVCM) which 
demonstrated intracellular hyperreflective lesions. Similar features in 
IVCM were also reported in association with other ADCs in the litera-
ture.8,9 Besides, despite the clinically detected corneal epithelial 
microcysts, IVCM did not reveal any evidence of true cysts within or 
under the affected corneal epithelium.23 AS-OCT has played an essential 
role in the objective assessment of cornea and other anterior segment 
structures since 1994,24 and can clearly distinguish the five corneal 
layers, including epithelium, BL, corneal stroma layer, Descemet’s 

Fig. 3. Corneal epithelial thickness (CET) 
and corneal thickness without CET in hori-
zontal scan on anterior segment optical 
coherence tomography 
Measurement of corneal epithelial thick-
nesses using anterior segment optical coher-
ence tomography (AS-OCT) was performed 
with the software cursors at the central 
cornea and at 1mm, 2mm, and 3mm points 
nasally and temporally. Corneal epithelial 
thicknesses (CET), which are shown under 
the cornea, were measured manually as the 
distances (μm) between the air-tear and the 
epithelium-Bowman’s layer interfaces. 
Corneal thicknesses without CET, which are 
shown in the bottom of CET, was also 
measured manually as the distances (μm) 
between epithelium- Bowman’s layer and 
endothelium layer interfaces. 
Case1: At baseline with pinhole visual acuity 
(VA) of 20/20 and 20/25 (OD/OS), CET and 
corneal thickness without CET at baseline in 
OU were shown (A and B). On Day 42 with 
pinhole VA of 20/70 and 20/50 (OD/OS), 
thicken CET except at the central cornea was 
shown in OU (C and D). On Day 82 with 
pinhole VA of 20/50 and 20/40 (OD/OS), no 
thickening of CET at any point on day 82 was 
shown in OU (E and F). No change of corneal 
thickness without CET were shown in the 
time course in OU (A,B,C,D,E, and F). 
Case2: At baseline with pinhole VA of 20/40 
and 20/30 (OD/OS), CET and corneal thick-
ness without CET in OU were shown (G and 
H). On Day 41 with pinhole VA of 20/60 and 
20/40 (OD/OS), thicken CET was shown in 
OD (I) but no change of CET was shown in 
OS (J). No change of corneal thickness 
without CET were shown in the time course 
in OU (G,H,I, and J).   
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membrane, and endothelium.25 In contrast to IVCM, AS-OCT is also 
helpful in evaluating corneal epithelial thickness and morphological 
assessment of total cornea with B-scan images.26 Recently, a report by 
Rousseau A et al. showed epithelial change with hyperreflectivity and 
“thicken aspect”in BASK on AS-OCT.27 Similarly, all eyes of our cases 
showed hyperreflective lesions in the corneal epithelium on AS-OCT 
during the follow-up period. In both cases, there was homogeneous 
signal intensity throughout the cornea at baseline. However, in Case 1, 
increased heterogeneous signal intensity with hyperreflective lesions 
was detected mainly in the paracentral corneal epithelium in OU after 
the second belantamab mafodotin infusion. In addition, BL which is 
usually seen as a relatively hyporeflective layer between two hyper-
reflective lines dividing epithelium, BL, and stroma on AS-OCT,28 was 
also slightly disrupted under the area of hyperreflective lesions in the 
corneal epithelium in OD (Fig. 1). In addition, these AS-OCT findings 
were consistent with the localization of MCEs in SLE, and no structural 
change was observed in the central cornea in OU. In Case 2, there was 
also diffuse increased heterogeneous signal intensity with hyper-
reflective lesions in OU after the second belantamab mafodotin infusion. 
As revealed by the AS-OCT finding in both cases, all layers of corneal 
epithelium seemed to be involved with hyperreflective lesions simulta-
neously, in parallel to the appearance of MECs on SLE. These features are 
similar to the hyperreflective lesions in IVCM. Some reports also showed 
similar epithelial hyperreflective lesions on AS-OCT in other corneal 
diseases, including Meesman corneal dystrophy and microcystic kera-
titis related to contact lens use.26,29,30 Dembski et al.26 reported a case of 
bilateral acute microcystic epitheliopathy after daily soft contact lens 
wear, and proposed that the hyperreflective material in the corneal 
epithelium as well as the edema of some cells possibly represent the 
accumulation of apoptotic end products in the intercellular spaces of the 
corneal epithelium. Similarly, the hyperreflective lesions on AS-OCT 
might be consistent with the accumulation of pre-apoptotic cells or 
degenerated cells caused by internalization of belantamab mafodotin or 
deposited drug products itself.20 

The analysis of CETs of both cases at each visit indicated that 3 of 4 
eyes showed thickening of CETs on AS-OCT compared to the baseline. In 
Case 1, except for the central CET, a diffuse increase in CET was 
observed in OU after the second belantamab mafodotin infusion. After 
the discontinuation of belantamab mafodotin infusion, CETs decreased 
back to baseline values in concordance with the improvement of SLE 
findings. On the other hand, Case 2 demonstrated mild diffuse increase 
in CETs with involvement of central cornea in OD, whereas no change of 
CETs in OS after the second belantamab mafodotin infusion. In the three 
eyes, the thickening of CETs was detected not only in the area of het-
erogeneous signal intensity changes and/or hyperreflective lesions, but 
also in the other regions of corneal epithelium. Although these areas 
appeared normal with homogeneous signal intensity on AS-OCT, they 
might result in irregular astigmatism which could cause visual loss as 
Rousseau A et al.27 has reported. The increased CET in these cases might 
be caused by the other subclinical epithelial conditions such as chronic 
inflammation or desiccating stress,28,31 as well as the accumulation of 
pre-apoptotic cells or degenerated cells assumed to be manifested as 
hyperreflective lesions on AS-OCT. Therefore, AS-OCT may show the 
subclinical epithelial change of BASK even in cornea which appears 
normal on SLE. 

The corneal epithelium is constantly renewed by the stem cells in the 
vascularized limbal region. Limbal stem cells migrate toward the central 
and superficial region of the cornea as they become more differenti-
ated.32,33 In addition, old and dead epithelial cells are washed out from 
the surface of the cornea by a tear film. In humans, it takes approxi-
mately 20 days for the total corneal epithelium renewal’s comple-
tion.34,35 Regarding the mechanism of BASK, Farooq et al.9 proposed 
that belantamab mafodotin reaches the cornea through the tear film or 
the limbus. Afterward, it is internalized by the basal layer cells of corneal 
epithelium, such as transient amplifying cells through macropinocytosis, 
and activates apoptotic cascade. Belantamab-containing cells in various 

stages of apoptosis continue to migrate centrally and anteriorly, while 
the cells that have completed apoptosis are extruded. Over time, new 
epithelial cells are regenerated by the limbus replacing 
belantamab-containing cells that have undergone apoptosis. In Case 1, 
after the discontinuation of belantamab mafodotin, increased hetero-
geneous signal intensity with hyperreflective lesions started to resolve in 
parallel with the improvement of SLE findings. It seems appropriate that 
AS-OCT findings improved during the drug-free interval of five weeks, 
after the initial detection of MECs. However, possibly due to the third 
belantamab infusion, mild changes were still present in the corneal 
epithelium on SLE and AS-OCT, as well as the decrease in pinhole VA in 
OU. 

In conclusion, AS-OCT can objectively demonstrate structural 
epithelial changes such as heterogeneous signal intensity, thickness al-
terations, and hyperreflective lesions related to BASK in patients with 
RRMM. These findings were also consistent with MECs detected on SLE, 
and closely linked to belantamab mafodotin infusion schedule and drug- 
free interval period. Therefore, AS-OCT may be a useful, complemen-
tary, objective imaging modality to evaluate BASK. Future prospective 
studies will be of importance to elaborate further and confirm these 
findings. 
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26. Dembski M, Nowińska A, Ulfik K, Teper S, Wylęgała E. In vivo confocal microscopy 
and anterior segment optical coherence tomography analysis of the microcystic 
keratitis. J Ophthalmol. 2020;2020, 8871904. 

27. Rousseau A, Michot JM, Labetoulle M. Belantamab mafotodin-induced epithelial 
keratopathy masquerading myopic surgery. Ophthalmology. 2020;127:1626. 

28. Tao A, Wang J, Chen Q, et al. Topographic thickness of Bowman’s layer determined 
by ultra-high resolution spectral domain–optical coherence tomography. Investig 
Ophthalmol Vis Sci. 2011;52:3901–3907. 

29. Nishino T, Kobayashi A, Mori N, et al. In vivo histology and p. L132V mutation in 
KRT12 gene in Japanese patients with Meesmann corneal dystrophy. Jpn J 
Ophthalmol. 2019;63:46–55. 

30. Thanathanee O, Laohapitakvorn S, Anutarapongpan O, Suwan-Apichon O, 
Bhoomibunchoo C. Anterior segment optical coherence tomography images in 
Microsporidial keratoconjunctivitis. Cornea. 2019;38:943–947. 

31. Fabiani C, Barabino S, Rashid S, Dana MR. Corneal epithelial proliferation and 
thickness in a mouse model of dry eye. Exp Eye Res. 2009;89:166–171. 

32. Schermer A, Galvin S, Sun TT. Differentiation-related expression of a major 64K 
corneal keratin in vivo and in culture suggests limbal location of corneal epithelial 
stem cells. J Cell Biol. 1986;103:49–62. 

33. Secker G, Daniels J. Limbal Epithelial Stem Cells of the Cornea. Cambridge, MA: 
StemBook.; 2008. 

34. Joe AW, Yeung SN. Concise review: identifying limbal stem cells: classical concepts 
and new challenges. Stem Cells Transl Med. 2014;3:318–322. 

35. Zhao H, Atkinson J, Gulesserian S, et al. Modulation of macropinocytosis-mediated 
internalization decreases ocular toxicity of antibody–drug conjugates. Canc Res. 
2018;78:2115–2126. 

W. Matsumiya et al.                                                                                                                                                                                                                            

http://refhub.elsevier.com/S2451-9936(21)00142-0/sref5
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref5
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref6
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref6
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref6
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref7
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref7
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref7
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref8
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref8
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref8
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref9
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref9
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref9
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref9
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref10
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref10
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref11
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref11
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref11
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref12
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref12
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref12
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref13
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref13
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref13
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref14
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref14
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref15
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref15
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref15
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref16
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref16
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref17
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref17
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref17
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref18
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref18
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref18
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref19
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref19
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref19
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref20
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref20
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref21
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref21
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref22
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref22
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref22
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref23
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref23
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref24
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref24
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref24
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref25
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref25
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref26
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref26
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref26
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref27
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref27
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref28
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref28
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref28
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref29
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref29
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref29
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref30
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref30
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref30
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref31
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref31
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref32
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref32
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref32
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref33
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref33
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref34
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref34
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref35
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref35
http://refhub.elsevier.com/S2451-9936(21)00142-0/sref35

	Structural changes of corneal epithelium in belantamab-associated superficial keratopathy using anterior segment optical co ...
	1 Introduction
	2 Case presentation
	2.1 Case 1
	2.2 Case 2

	3 Discussion
	Patient consent
	Funding
	Authorship
	Declaration of competing interest
	Acknowledgements
	References


