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Abstract

drops.

receiving novel anticancer drugs.

Background Cyclin-dependent kinase (CDK) 4/6 inhibitors are novel anticancer drugs that can arrest the cell cycle
and halt the progression of cancers. This study presents a rare case of vortex keratopathy associated with the use of a
cyclin-dependent kinase (CDK) 4/6 inhibitor for breast cancer treatment.

Patient presentation A 60-year-old female patient with a one-year history of eye irritation presented at our hospital.
She had been diagnosed with metastatic breast cancer two years prior and received treatment with tiremciclib

(a novel CDK4/6 inhibitor) in combination with fulvestrant at the same time. After slit-lamp examination, anterior
segment optical coherence tomography (AS-OCT), and corneal confocal microscopy, the patient was diagnosed with
vortex keratopathy. The ocular symptoms of the patient improved slightly after the use of artificial lubricating eye

Conclusions This case demonstrates the ocular characteristics and novel findings of corneal confocal microscopy
of CDK4/6 inhibitor-related vortex keratopathy. Our findings increase the understanding of the pathophysiological
mechanisms of drug-induced vortex keratopathy and increase our awareness of ocular manifestations in patients
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Background

Cyclin-dependent kinases (CDKs), a class of serine/thre-
onine protein kinases, are involved in the regulation of
the cell cycle, transcription initiation, and control of cer-
tain metabolic cascades. Among these, CDK4/6 is a key
factor in cell cycle regulation and can trigger the transi-
tion of the cell cycle from the G1 phase (growth phase)
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to the S phase (DNA replication phase). Inhibitors target-
ing CDK4/6 are an important class of targeted anticancer
drugs that can arrest the cell cycle at the G1 phase and
halt the progression of various cancers, especially breast
cancer [1, 2]. According to previous studies, common
adverse reactions to CDK4/6 inhibitors primarily include
bone marrow suppression, gastrointestinal discomfort,
and liver function abnormalities [2].

Vortex keratopathy, also called corneal verticillate, is
a rare form of corneal degeneration characterized by
whorl-like opacity in the corneal epithelium. Although
the specific mechanism remains unclear, it might result
from dysfunctional lipid storage in the lysosomes of cor-
neal epithelial cells, leading to abnormal accumulation
of intracellular lipid complexes [3]. Primary lysosomal
storage diseases include Fabry disease, a rare genetic
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Fig. 1 A, Slit lamp photograph of the right eye. B, Slit lamp photograph of the left eye. Bilateral symmetric crystalline-like golden brown deposits are
observed within the corneal epithelium and anterior stroma, with arrows highlighting the vortex-patterned epithelial lesions

Fig. 2 Anterior segment optical coherence tomography (AS-OCT) of the right eye. Normal corneal morphology with unsmooth tear film (arrows)

disorder caused by a deficiency of the a-galactosidase
enzyme. Characteristic vortex keratopathy is observed
in approximately 80% of patients with Fabry disease [4].
Cationic amphiphilic drugs, such as amiodarone, chloro-
quine, and chlorpromazine, are the most common agents
that induce secondary vortex keratopathy [5, 6]. These
drugs can penetrate lysosomes and bind to cellular lip-
ids to form drug-lipid complexes, which are resistant to
degradation by lysosomal enzymes. Additionally, drug-
induced vortex keratopathy is commonly able to be grad-
ually reduced upon discontinuation of drugs. This report
describes a rare case of vortex keratopathy induced by a
novel CDK4/6 inhibitor.

Case presentation

A 60-year-old Asian female patient presented to our
clinic with bilateral eye irritation, including dryness,
sensitivity to light, and occasional epiphora for one year.
She claimed that she had been diagnosed with advanced
breast cancer with liver metastasis two years prior, which
was confirmed by histopathological examination and
immunohistochemistry as hormone receptor-positive
and human epidermal growth factor receptor 2-nega-
tive (HR+/HER2-). Subsequently, the patient received a
combined therapeutic regimen consisting of tiremciclib
(400 mg administered orally once daily) and fulvestrant
(500 mg administered via intramuscular injection every

28 days) for a duration of 18 months, and her tumor sta-
tus was stable with regular follow-up. The patient denied
any history of other systemic diseases, ophthalmic family
history, or use of other medications, including eye drops.
Ophthalmic examination revealed a best-corrected
visual acuity (BCVA) of 18/20 and normal intraocu-
lar pressure (IOP). Slit-lamp examination did not reveal
apparent corneal edema or opacity; however, bilateral
symmetric crystalline-like golden brown deposits were
observed in the corneal epithelium and partial stroma.
Additionally, lesions located inferiorly in the central cor-
neal epithelium displayed a characteristic spiral or radi-
ating distribution (Fig. 1). Furthermore, no abnormalities
were found in the rest of the examinations of the anterior
and posterior segments, except for a slightly increased
lens density. The fluorescein staining test was negative,
and nasolacrimal duct examination suggested patency.
The anterior segment optical coherence tomography
(AS-OCT) revealed that the tear film did not appear
smooth, but no significant corneal morphological abnor-
malities were detected (Fig. 2). Corneal confocal micros-
copy revealed a widespread distribution of dot-like or
patchy deposits with high reflection, involving almost all
layers of the cornea (Fig. 3). However, the intensity of the
deposits gradually decreased toward the deeper corneal
layers, whereas the endothelium remained unaffected.
Notably, a small number of deposits accumulated as a
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Fig. 3 Corneal confocal microscopy of the right eye. Depth-encoded map demonstrates corneal stratification, and arrows indicate intracellular hyper-
reflective deposits. -3 um: anterior to epithelial layer; 0, 19 and 27 um: corneal epithelial layers; 69, 258 and 481 um: corneal stromal layers; 609 pum: corneal
endothelial layer. Bar represents 100 um

thin layer and protruded above the outer corneal epithe-
lial surface at -3 um. After examination with a slit lamp,
AS-OCT, and corneal confocal microscopy, the patient
was diagnosed with bilateral corneal verticillate. Symp-
tomatic treatment was provided via preservative-free
0.3% sodium hyaluronate eye drops (Santen, Japan) three
times a day, leading to a slight improvement in her ocular
symptoms without any changes in keratopathy in the fol-
lowing two weeks. Finally, regular follow-up ophthalmic
treatment was advised.

Discussion and conclusions

We describe a case of corneal verticillate in a patient
treated with a combination of tiremciclib and fulves-
trant. Tibremciclib is currently a novel CDK4/6 inhibi-
tor under phase III clinical trials [7], and fulvestrant is
a selective estrogen receptor modulator (SERM). The
combination of these two drugs has synergistic effects
on reversing endocrine resistance, particularly in HR+/
HER2- advanced or metastatic breast cancer [8]. Only
three cases of corneal verticillate induced by ribociclib—
another CDK4/6 inhibitor—have been reported world-
wide. The patients in these two cases presented similar
complaints and ocular manifestations to those in our
study but without further examination for keratopathy
[9-11].

The morphological characteristics of vortex keratopa-
thy have a high degree of similarity, making it difficult to
differentiate between specific types through direct exam-
ination via slit lamps. Additionally, due to resolution

limitations, AS-OCT often fails to detect significant cor-
neal abnormalities like vortex keratopathy caused by tiny
intracellular deposits. Studies have suggested that cor-
neal confocal microscopy may help distinguish Fabry dis-
ease-related and amiodarone-induced vortex keratopathy
[12, 13]. The corneal confocal microscopy findings in
our study revealed the presence of extremely thin depos-
its on the surface of the corneal epithelium (at -3 um in
Fig. 3), which may result in ocular symptoms of eye irri-
tation in patients. In addition, we observed that the intra-
corneal deposits were predominantly intracellular and
smaller than normal with low heterogeneity in size and
morphology. These findings are highly consistent with
previous confocal microscopy studies of amiodarone-
induced vortex keratopathy, while hyperreflective struc-
tures commonly completely fill the cellular cytoplasm in
Fabry disease [13]. However, corneal deposits can involve
the endothelium in patients with long-term use of ami-
odarone [13], which was not observed in the present
case. We suppose that this may be may be due to corneal
absorption through the tear film, and that the severity of
keratopathy is related to the drug concentration levels in
vivo. Thus, the possibility of finding endothelial involve-
ment cannot be excluded in the later follow-up for this
patient. In summary, this case study provides novel
insights into the pathological mechanisms of CDK4/6
inhibitor-related vortex keratopathy via corneal confocal
microscopy.

Previous studies have shown that CDK4/6 inhibitors
share a common characteristic of lysosomal trapping
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[14]. These findings suggest that tibiremciclib may
directly interfere with phospholipid metabolism within
lysosomes, leading to abnormal lipid accumulation.
Additionally, tibiremciclib may be involved in the devel-
opment of vortex keratopathy by interfering with the
growth and renewal of normal corneal cells, in which the
CDK4/6 pathway plays an essential role [15]. Although
it is necessary to reduce the dose of CDK4/6 inhibitors
and observe the subsequent changes in keratopathy to
establish a convincing causal relationship, it is still rea-
sonable that vortex keratopathy is induced by the use
of CDK4/6 inhibitors at present, considering the mild
ocular symptoms and the status of malignant tumors in
this patient. Additionally, although no cases of keratopa-
thy have been reported with fulvestrant monotherapy
to date, it is clinically significant that fulvestrant was
concurrently administered in another case of CDK4/6
inhibitor-induced vortex keratopathy in breast cancer
management [10]. Given the existing clinical evidence,
the potential involvement of fulvestrant in the pathogen-
esis of CDK4/6 inhibitor-associated vortex keratopathy
cannot be definitively excluded, requiring further inves-
tigation through well-designed preclinical studies or ani-
mal experiments to elucidate its potential role. Currently,
there are no specific treatments for vortex keratopathy,
and we only provide symptomatic treatment to patients.
Regular ophthalmic follow-up is also recommended
because some known drugs that cause vortex keratopathy
can also induce retinal or optic nerve injuries [16].

Indeed, dry eye disease is the most common ocu-
lar adverse event observed in patients receiving novel
anticancer drugs and may be associated with hormonal
imbalance or cytotoxicity induced by immune suppres-
sion [17]. Vortex keratopathy shares striking similarities
with normal dry eye disease in terms of clinical manifes-
tations, leading to a potential underdiagnosis. Therefore,
We strongly recommend that patients receiving novel
anticancer agents, particularly CDK4/6 inhibitors, should
undergo immediate slit-lamp examination and compre-
hensive ophthalmic assessment for early detection and
management of potential vortex keratopathy, particularly
when presenting with ocular irritation symptoms.
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CDK4/6 Cyclin-dependent kinases 4/6

AS-OCT Anterior segment optical coherence tomography
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