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Purpose: To describe the characteristic manifestations of vitreoretinal lymphoma (VRL) with optical coherence tomography (OCT)
and monitor their outcomes after treatmEnt.

Patients and Methods: Patients with primary central nervous system lymphoma (PCNSL) and intraocular involvement were
assigned to the VRL group. OCT manifestations were analyzed and changes in abnormalities were recorded after intravitreal
methotrexate injections. OCT manifestations of PCNSL patients without intraocular involvement were analyzed as well (non-VRL
group).

Results: There were 48 eyes with high-quality OCT records in the VRL group, of which 19 had abnormal manifestations. The most
frequent abnormality was outer retina (OR) fuzzy borders (14 of 19, 73.7%). Other abnormalities included: focal subretinal deposits (8
of 19, 42.1%), hyperreflective subretinal dots (2 of 19, 10.5%), pigment epithelium detachment (PED) (5 of 19, 26.3%), preretinal
deposits (5 of 19, 26.3%), epiretinal membrane (3 of 19, 15.8%), cystoid macular edema (3 of 19, 15.8%), subretinal fluid (3 of 19,
15.8%), outer retina atrophy (2 of 19, 10.5%), unilateral optic papilledema (2 of 19, 10.5%), retinal thickening (1 of 19, 5.3%), and
subretinal fibrosis (1 of 19, 5.3%). Nine eyes with retinal abnormalities were receiving regular intravitreal methotrexate. The retinal
structure of seven eyes (only outer retina involved) returned to almost normal on OCT images. The remaining two eyes (with severe
retinal vasculitis) showed little improvement after treatment.

Conclusion: OCT is helpful for the diagnosis of PCNSL with intraocular involvement and long-term follow-up of the disease.
Summary Statement: The characteristic manifestations of vitreoretinal lymphoma (VRL) with optical coherence tomography
(OCT) were described and their outcomes after treatment were monitored. These findings suggested that OCT is helpful for the
diagnosis of PCNSL with intraocular involvement and long-term follow-up of the disease.

Keywords: intravitreal injection, methotrexate, optical coherence tomography, primary central nervous system lymphoma,
vitreoretinal lymphoma

Introduction

Primary central nervous system lymphoma (PCNSL) is an extranodal non-Hodgkin’s lymphoma that originates exclu-
sively from the brain, leptomeninges, spinal cord, or eyes.' Diffuse large B-cell lymphoma (DLBCL), the most common
pathological type, accounts for approximately 90% of PCNSL. Rare cases of PCNSL correspond to Burkitt, low-grade,
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or T-cell lymphoma.? PCNSL is a relatively rare disease that constitutes 4-6% of all extranodal lymphomas and less than
3% of all primary tumors of the CNS.* Although technologies and strategies for treating PCNSL have improved in recent
years, the prognosis of this disease remains poor, with a 5-year overall survival rate of about 30% for immunocompetent
patients.*

Vitreoretinal lymphoma (VRL) is a subtype of PCNSL that predominantly affects the vitreous and/or retina. In a few
cases, VRL may also involve the anterior segment and optic nerve head. VRL can be either primary or secondary as
intraocular involvement of PCNSL. Of primary VRL patients, 60% to 80% have intracranial manifestations during the course
of the disease.” However, intraocular involvement of PCNSL occurs or ultimately develops in only 15-25% of patients with
PCNSL. Accurate assessment of intraocular involvement of PCNSL is essential. It has been reported that PCNSL patients
with intraocular involvement have a high risk of disease relapse and poor progression free survival (PFS).°

Diagnosis of vitreoretinal lymphoma has been difficult as it manifests as a masquerade syndrome sharing clinical
features with noninfectious uveitis. The symptoms are non-specific, including blurred vision (40-50%) and floaters (20—
25%).” Most individuals with VRL exhibit no abnormal findings of the anterior segment. Lymphomatous cells in the
vitreous is the major manifestation, which can be characterized as homogeneous collections of medium-amplitude mobile
echoes in the anterior and middle segments of the vitreous by B-scan ultrasound.® The infiltration of lymphomatous cells
to the retina can be visualized on funduscopic examination as multiple creamy subretinal lesions and can develop into
“leopard spots” pigmentation.” Vasculitis may also be observed although infrequently.

Vitreous cytopathology has been the gold standard for the diagnosis of VRL with the existence of atypical lymphoid
cells. Nevertheless, the positive rate is still not very high (about 50%'°) due to the scarcity and fragility of the lymphoma
cells and their reactiveness to steroid therapy.'' IL-10 is thought to be produced by malignant B-cell lymphomas and
related to normal inflammatory states. Elevated IL-10 concentrations or IL-10/IL-6 >1 in the aqueous humor or vitreous
fluid is indicative of B-cell lymphoma.'? Monoclonality of immunoglobulin heavy chain (IgH) and T-cell receptor (TCR)
gene rearrangements have also been widely used to detect B and T cell lymphomas, respectively.'® Myeloid differentia-
tion factor 88 (MYD88) and CD79B are two genes that are related to B-cell VRL. The mutations of these two genes were
found to be positive in the vitreous fluid of a large proportion of VRL patients and this may become a helpful diagnostic
tool in the future.'>'*

Optical coherence tomography (OCT) is a powerful tool that can be used to assess the microstructure of the retina due
to its high spatial resolution. It has been applied extensively to evaluate the condition of the fundus. Compared to the
methods listed above, OCT is a non-invasive examination and can be performed repeatedly. Accordingly, OCT is a useful
method for the assessment and follow-up of VRL. Although there are some existing data about the OCT manifestations
of VRL, most of these studies have focused on primary VRL'>'® and the numbers of cases are limited.'”'® Thus, we
present a relatively large series of OCT images from PCNSL patients, and we determined the characteristic manifesta-
tions of intraocular involvement with OCT and monitored the changes during follow-up.

Patients and Methods

Patient Eligibility

Consecutive patients confirmed as having PCNSL (DLBCL) with intraocular involvement between January 2016 and
December 2019 were enrolled in the VRL group at Huashan Hospital North affiliated to Fudan University, Shanghai,
China. Consecutive PCNSL (DLBCL) patients without intraocular involvement between January 2019 and
December 2019 were enrolled in the non-VRL group. Medical records of the patients in the two groups were reviewed.
This study was performed in accordance with the guidelines of the Declaration of Helsinki and was granted approval by
the Ethics Committee of Huashan Hospital, Fudan University. All patients were informed about the purpose of the study
and written informed consent was obtained. Written consent was acquired from every patient included in this study.

Treatment Methods
Non-ocular lesions were treated according to the advice of hematologists, including systemic high-dose-methotrexate-
based (HD-MTX based) chemotherapy, whole brain radiotherapy, intracranial chemotherapy, and autologous stem-cell
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transplantation. VRL was treated with regular intravitreal injections of methotrexate (MTX). The implementation of
intravitreal MTX was divided into three phases: induction, consolidation, and maintenance. MTX was intravitreally
injected at a dosage of 400 pg/0.1 mL twice a week for the first 4 weeks (induction), weekly for the following 8 weeks
(consolidation), and then monthly for the final 9 months (maintenance).'” If keratopathy was observed, injections were
suspended to wait for restoration of the corneal epithelium.

Ophthalmic Assessment

When first admitted to our Hospital, all PCNSL patients received an ophthalmologic evaluation. Routine ophthalmic
examinations were performed once a month in the non-VRL group. In the VRL group, ophthalmic examinations were
administered before every intravitreal injection and 1 month after the last injection. Examinations included: slit lamp
examination, pupil-dilated fundus photography, B-scan ultrasonography, and spectral domain-OCT (Spectralis,
Heidelberg, Germany). OCT images were acquired using a 30° volume scan pattern with an 8.8x8.8 mm scanning
area positioned at the center of the fovea.

Diagnosis

The diagnosis of PCNSL was confirmed with an intracranial biopsy. Then, the cases were pathologically classified into
two groups: germinal center B-cell-like (GCB) and activated B-cell-like (ABC) using Hans’ criteria.”’ In regard to
suspected VRL, a vitrectomy was performed. About 0.8 mL of undiluted vitreous fluid was taken with a 600 cpm cutting
rate, and then 5 mL of vitreous fluid diluted with balanced salt solution was acquired. The vitreous samples were sent to
the cytopathology laboratory within 30 minutes for smear preparation, Wright’s stain, cell number counting, and
immunohistochemistry (CD3, CD20, PAX-5, BCL-2, and BCL-6). Interleukins (IL-10, IL-6, and the IL10/IL6 ratio)
were detected with a cytometric bead array method. If cytopathology revealed the presence of naive atypical lymphocytes
in the vitreous fluid, the diagnosis of VRL was confirmed. If cytopathology showed no obvious abnormalities, then the
aqueous humor and/or vitreous fluid IL-10/IL-6 ratio were taken into consideration. If the aqueous humor and/or vitreous
fluid IL-10/IL-6 ratio >1 and retinal lesions (subretinal creamy yellowish lesions or vasculitis) were observed, a diagnosis
of VRL was presumed. Otherwise, the diagnosis was non-VRL.

Statistical Analysis

SPSS 25.0 (SPSS, Inc., Chicago, IL, USA) was used to perform the statistical analysis. Continuous variables were
presented as the mean + standard deviation (with a normal distribution) or median/ interquartile distance (without
a normal distribution), and categorical variables were presented as numbers and proportions. A Student’s ¢-test was used
to compare the average differences between the two groups. Categorical data were analyzed using a chi-squared test or
chi-squared test with continuity correction (when the theoretical frequency was <5). A two-tailed p-value <0.05 was
considered statistically significant.

Results

Patient Characteristics

A total of 120 (64 males, 56 females) PCNSL patients without intraocular involvement were enrolled in the non-VRL group,
and 45 (25 males, 20 females) patients with intraocular involvement were enrolled in the VRL group. The mean age at
diagnosis of PCNSL in the VRL and non-VRL groups was 56.9+£10.5 and 56.8+11.2 years, respectively. A list of the main
clinical characteristics of the patients in the two groups is summarized in Table 1. Of the 45 patients in the VRL group, 23
(51.1%) patients were diagnosed with concomitant intraocular involvement at the first ophthalmic evaluation. The remaining
22 patients developed vitreoretinal lymphoma during follow-up after a median of 12 months (range 1-54 months).

OCT Manifestations

Of the 45 patients in the VRL group, the OCT images of 12 patients were either incomplete or had low quality. Finally,
the OCT images of 33 patients (48 eyes) were analyzed. Abnormalities were found on the images of 19 (39.6%) eyes
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Table | Demographic Information and Tumor Characteristics in the Two Groups

Characteristic VRL Group Non-VRL Group P value

Patient number 45 120

Age 56.9+10.5 56.8+11.2 0.976

Gender Male 25(55.6%) 64(53.3%) 0.799
Female 20(44.4%) 56(46.7%)

Pathological GCB 4(8.9%) 18(15.0%) 0.544

subtype ABC 7(15.6%) 61(50.8%)

Non-ocular lesion Single 18(40.0%) 47(39.2%) 0.922
Multiple 27(60.0%) 73(60.8%)

Abbreviations: VRL, vitreoretinal lymphoma; GCB, germinal center B-cell like lymphoma; ABC, activated B-cell like lymphoma.

before the diagnosis of vitreoretinal lymphoma. The most frequent abnormality was outer retina (OR) fuzzy borders (14
of 19, 73.7%). Other abnormalities included: focal subretinal deposits (8 of 19, 42.1%), hyperreflective subretinal dots (2
of 19, 10.5%), pigment epithelium detachment (PED) (5 of 19, 26.3%), preretinal deposits (5 of 19, 26.3%), epiretinal
membrane (3 of 19, 15.8%), cystoid macular edema (3 of 19, 15.8%), subretinal fluid (3 of 19, 15.8%), outer retina
atrophy (2 of 19, 10.5%), unilateral optic papilledema (2 of 19, 10.5%), retinal thickening (1 of 19, 5.3%), and subretinal
fibrosis (1 of 19, 5.3%). The details of the abnormalities observed on OCT images are shown in Figure 1.

Of the 120 patients in the non-VRL group, the OCT images of 12 patients were either incomplete or with low quality.
Finally, the OCT images of 108 patients (216 eyes) were analyzed. Abnormalities were found on the images of 26
(12.0%) eyes. These images were reviewed by two independent experienced ophthalmologists to identify the relation-
ship between the abnormalities and the intracranial lymphoma lesions. The majority of the abnormalities were not
related to lymphoma, including focal RPE degeneration (nine eyes), epiretinal membrane (five eyes), vitreomacular
traction (four eyes), solitary PED (four eyes), and focal elevated ellipsoid zone (one eye). The abnormality that was
considered to be associated with lymphoma was hyperreflective subretinal dots, which was observed on the OCT images
of two cases.

OCT manifestations of the patients in both groups are summarized in Table 2. OCT revealed specific abnormalities of
VRL. Most of the abnormalities seen in the VRL group were not observed in the non-VRL group.

Follow-Up

After pars plana vitrectomy, the preretinal deposits all disappeared. The cystoid macular edema of the left eye of one
patient spontaneously resolved before intravitreal injections. Of the 33 patients (48 eyes) with a complete OCT record in
the VRL group, 21 patients (31 eyes) completed the induction phase of intravitreal chemotherapy (eight injections), 19
patients (28 eyes) completed the consolidation phase (16 injections), and nine patients (13 eyes) completed the
maintenance phase (25 injections). No obvious side effects from intravitreal methotrexate were observed on OCT images
except for transient cystoid macular edema in two cases and both spontaneously resolved one month later.

Seven patients (nine eyes) who had abnormalities (preretinal deposits and transient macular edema excluded) on OCT
images before the first injection completed the whole treatment regimen and were analyzed for treatment outcomes
(Table 3). OCT effectively revealed the treatment progress. Abnormalities, including OR fuzzy borders, PED, and focal
subretinal deposits, fully disappeared in five eyes (eyes 1-4, 6). Three eyes (eyes 3, 4, 6) showed clearance of
abnormalities after one, six, and seven injections, respectively, and developed hyperreflective subretinal dots. These
subretinal dots were connected with the RPE and localized between the RPE and the ellipsoid zone. On near-infrared
images, there were numerous scattered hyperreflective dots with a clear border and they remained stable during follow-up
(Figure 2). Two eyes (eyes 1, 2) did not develop subretinal dots after disappearance of the abnormalities (after four and
eight injections, respectively). The subretinal dots observed before intravitreal MTX of another two eyes (eyes 5, 7) also
remained stable during follow-up. The OCT images and fundus photographs of the seven eyes above manifested only
outer retina involvement. The remaining two eyes (eyes 8, 9) showed improvement during treatment. However, the
structure of the retina was not restored to normal (Figure 3). The OCT images and fundus photographs of the two eyes
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Figure | OCT abnormalities in the VRL group. (A) Outer retina (OR) fuzzy borders (B) focal subretinal deposits (C) hyperreflective subretinal dots (D) pigment epithelium
detachment (PED) (E) preretinal deposits (F) epiretinal membrane and cystoid macular edema (G) subretinal fluid (H) outer retina atrophy (l) unilateral optic papilledema
(J) retinal thickening (K) subretinal fibrosis.

revealed both inner and outer retina involvement, including retinal vasculitis, epiretinal membrane, cystoid macular
edema, focal subretinal deposits, OR fuzzy borders, and PED.

During follow-up, two patients had intraocular recurrence. The left eye of case I (eye 1) had vitreous opacity, OR fuzzy
borders, and PED before intravitreal MTX, and these abnormalities disappeared after eight injections. After 21 injections (8
months), the vitreous opacity recurred without retina lesions on OCT images. The patient received the entire induction-
consolidation-maintenance regimen again and did not develop a second relapse for 26 months. The left eye of case II (eye 3)
had vitreous opacity, OR fuzzy borders, and focal subretinal deposits before intravitreal MTX, and these abnormalities
disappeared after seven injections. After 19 injections (6 months), OR fuzzy borders appeared again on the OCT images and
the intravitreal MTX were administered from the consolidation phase (weekly injections) again. The OR fuzzy borders
rapidly resolved after four injections and the patient did not develop a second relapse for ten months (Figure 4).

Discussion

In this study, we describe the characteristic OCT manifestations of PCNSL with intraocular involvement and present the
changes in these abnormalities after intravitreal injections. Our results suggest OCT is a useful tool for the evaluation and
monitoring of vitreoretinal lymphoma.
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Table 2 Optical Coherence Tomography Abnormalities in the Two Groups

Abnormalities VRL Group Non-VRL Group
(n=48 Eyes) (n=216 Eyes)
Outer retina fuzzy borders 14 0
Focal subretinal deposits 8 0
Hyperreflective subretinal dots 2 0
Pigment epithelium detachment Diffuse 5 0
Solitary 0 4
Preretinal deposits 5 0
Epiretinal membrane 3 5
Cystoid macular edema 3 0
Subretinal fluid 3 0
Outer retina atrophy 2 0
Unilateral optic papilledema 2 0
Retinal thickening | 0
Subretinal fibrosis | 0
Focal elevated ellipsoid zone 0 |
Vitreomacular traction 0 4
Focal RPE degeneration 0 9
Abbreviation: VRL, vitreoretinal lymphoma.
Table 3 Follow-Up of Abnormalities During Treatment
No. of Patient No. of Eye Eye Pre-Treatment Post Induction Post Consolidation | Post Maintenance
| | (o a, c - - -
1l 2 oD a - - -
3 (ON a, b h h h
1 4 oD a,c h h h
5 (6N h h h h
v 6 oD a, b h h h
\ 7 [oN h h h h
Vi 8 oD a, c-f a, c-f a, c-d NA
Vil 9 oS a,b,dg a,b,dg a, b, dg dgi

Notes: a, OR fuzzy borders; b, focal subretinal deposits; ¢, PED; d, epiretinal membrane; e, cystoid macular edema; f, subretinal fluid; g, subretinal fibrosis; h, hyperreflective
subretinal dots; i, disruption of outer retina; -, no obvious abnormalities.
Abbreviation: NA, not applicable.

Abnormalities were found on the OCT images of 19 eyes (39.6%) in this report. The percentage was similar to that of
a study by Saito et al (37.2%)."> However, several studies have demonstrated a higher proportion, from 68%' to
93.8%.'® This result is likely due to the different inclusion criteria for patients. Our study focused on the intraocular
involvement of PCNSL, while the other studies paid more attention to primary vitreoretinal lymphoma. On one hand,
VRL is difficult to diagnose considering its resemblance to noninfectious uveitis and VRL patients with retina infiltration
are more likely to be correctly diagnosed. On the other hand, the mean duration between ocular symptoms and diagnosis
of PVRL is 6 months and there is more time for the development of retinal infiltration. In addition, in this study all
patients received a large macular scan so the abnormalities outside of the macular area were not recorded by OCT.

The signs viewed on OCT images are hypothesized to be due to the infiltration of lymphoma cells. The most
frequently observed abnormalities on OCT images are OR fuzzy borders (14 of 19), focal subretinal deposits (8 of
19), and PED (5 of 19). Although described with different terms in other studies, it is consistent that the outer retina
is more easily involved than the inner retina.'®?'%* The three types of abnormalities may refer to the infiltration of
lymphoma cells into different layers of the retina. OR fuzzy borders are assumed to be a diffuse infiltration within the
RPE and photoreceptor outer segment layer. Focal subretinal deposits represent focal infiltration superior to the RPE.
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Figure 2 OCT images of eye 6. (A) Before intravitreal methotrexate, OCT revealed outer retina fuzzy borders (arrow),preretinal deposits (asterisk) and focal subretinal
deposits (arrow head). (B) After induction phase, the above abnormalities disappeared. On near-infrared image, numerous scattered hyperreflective dots with clear border
were observed (arrow). Horizontal scan showed that these dots were between the retinal pigment epithelium and the ellipsoid zone. (arrow head) (C) After consolidation
phase, subretinal dots remained stable both on near-infrared and horizontal scan image. (D) After maintenance phase, subretinal dots still remained stable.
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Figure 3 OCT images and fundus photographs of eye 8. (A and B) Before intravitreal methotrexate, OCT revealed outer retina fuzzy borders (arrow) and pigment
epithelium detachment (arrow head). Fundus photograph showed retinal vasculitis, retinal hemorrhage (asterisk) and hard exudates (dotted arrow). (C and D) After
induction phase, flat pigment epithelium detachment decreased (arrow head) and outer retina fuzzy borders improved (arrow). Retinal hemorrhage was absorbed and hard
exudates (dotted arrow) decreased on the fundus photograph. (E and F) After consolidation phase, abnormalities did not improve obviously on the OCT image. On the
fundus photograph, hard exudates disappeared. However, several subretinal yellow-white lesions (asterisk) were observed inferior to the optic disc.

PED manifests as infiltration between the RPE and Bruch’s membrane. The close relationship between the RPE layer
and lymphoma involvement is probably due to the interactions of the cell molecules between RPE cells and
B lymphoma cells. Chan et al** conducted a human tissue study investigating the expression of cell biomarkers
from three freshly enucleated eyes with PVRL and a normal autopsied eye. High expression levels of CXC
chemokine receptor 4 (CXCR4) and CXCRS, combined with abundant transcripts, were found to be limited to the
lymphoma cells. In contrast, CXC chemokine ligand-12 (CXCL12) and CXC chemokine ligand-13 (CXCL13) were
found in the RPE. However, no chemokine expression was detected in the RPE cells in the normal control eyes.
Hyperreflective subretinal dots were a sign that arose after the disappearance of lymphoma infiltration and subse-
quently remained stable in three cases of the VRL group. To our knowledge, only Tan et al*> reported this phenomenon.
These persistent hyperreflective dots may be the debris of lymphoma cells, degenerated RPE cells, or degenerated
photoreceptor outer segments that were non-absorbable by the RPE layer. Interestingly, the sign was also observed in the
first ophthalmic evaluation, in both the VRL and non-VRL groups, indicating the previous existence and regression of
vitreoretinal lymphoma before intraocular treatment. This is possibly due to the systemic corticosteroids after intracranial

1014 "= Cancer Management and Research 2022:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Zhou et al

120041

1200%1

12007

1200%7

Figure 4 OCT images of eye 3. (A) Before intravitreal methotrexate, OCT revealed outer retina fuzzy borders (arrow) and focal subretinal deposits. Vitreous cells were
also observed (arrow head). (B) After induction phase, the above two abnormalities disappeared. (C) After |19 injections, outer retina fuzzy borders appeared again (arrow).
(D) After a second consolidation phase, the retinal structure returned to almost normal.
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biopsy. Another possible explanation is that vitreoretinal lymphoma is able to regress spontancously, although only
several cases have been reported.>> %’

Inner retinal infiltration was not observed in our study. Some other studies reported different types of inner retinal
infiltration, such as diffuse intraretinal infiltration,”*~*® focal intraretinal deposits,'> and vertical hyperreflective lesions.?’
However, the inner retina was not completely intact and was involved by means of retinal vasculitis in two cases.
Furthermore, eyes with only outer retina infiltration could restore the retinal structure to almost normal after the induction
phase, while the eyes with severe retinal vasculitis could not. This suggests that severe vasculitis is a predictor for a poor
prognosis for structure restoration.

Methotrexate is the most widely used chemotherapeutic drug for the treatment of vitreoretinal lymphoma. No obvious
adverse effects were observed during the follow-up on OCT images except for transient macular edema in two cases,
suggesting the safety of an intravitreal MTX injection. Pigmentary maculopathy was reported as a complication due to
the blood-brain barrier disruption treatment for intracranial lesions'® but was not observed in our study. In fact, the most
frequent side effect reported for MTX is keratopathy, as the use of the antimetabolite agent with a short injection interval
inhibited growth of the corneal epithelium.*

Other less frequent abnormalities observed in our study included cystoid macular edema, subretinal fluid, outer retina
atrophy, unilateral optic papilledema, retinal thickening, and subretinal fibrosis. These signs are not characteristic of
lymphoma. Nonetheless, they demonstrate the diversity of the clinical manifestations of vitreoretinal lymphoma. Saito
et al'” reported 13 types of OCT abnormalities, which was even more than in our study. In any case, vitreoretinal
lymphoma has a variety of manifestations on OCT images and should be considered a possible diagnosis in the context of
one of these signs.

OCT is helpful in assessing intraocular involvement with PCNSL. When considering primary vitreoretinal lymphoma,
abnormalities observed by OCT could not directly lead to the diagnosis, due to confounding by other possible explanations
like uveitis. However, in the context of already existing PCNSL, OCT exhibits considerably more value. Most of the
abnormalities seen in the patients with intraocular involvement are usually absent in the patients without intraocular
involvement. Furthermore, as a non-invasive examination method with high resolution, OCT is an effective tool to evaluate
the treatment effect and monitor the relapse as it is able to reveal minor changes during the course of the disease. Thus, OCT
is advantageous for better decision-making and for reducing the morbidity and mortality of PCNSL patients.

Our study has several limitations. As a retrospective study, the OCT abnormalities located outside the macular area
could not be analyzed. Second, IgH gene rearrangement was not studied because of technical problems. The diagnosis of
vitreoretinal lymphoma could have been more accurate. Finally, the follow-up time in our study was relatively short.
A longer time is required to further study the long-term performance of vitreoretinal lymphoma.

Conclusion

Our study demonstrated the characteristic OCT manifestations of vitreoretinal lymphoma and thus indicated that OCT is a useful
tool for the diagnosis of PCNSL with intraocular involvement. Retinal structures can return to almost normal after the induction
phase of intravitreal methotrexate treatment in a large proportion of patients. As a repeatable non-invasive examination, OCT
can be utilized to assess the treatment response and monitor long-term development during the entire course of the disease.
Therefore, OCT is beneficial for medical decision-making and contributes to the health of PCNSL patients.
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