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Intraocular involvement is associated with a high risk
of disease relapse in primary central
nervous system lymphoma
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Abstract. The aim of the present study was to prospectively
evaluate the recurrence and survival outcome of primary
central nervous system lymphoma (PCNSL) with intraocular
involvement. For this purpose, a prospective cohort of 103
pathologically confirmed patients with PCNSL was enrolled
in this study. Ophthalmologic examinations were performed
both at diagnosis and during follow-up. The patients with
PCNSL with suspected intraocular involvement underwent
vitrectomy for confirmation. Patients who presented with
intraocular involvement either at diagnosis or during disease
progression were allocated to the intraocular lymphoma
(IOL) group. All patients with PCNSL received systemic
methotrexate (MTX)-based chemotherapy with or without
radiotherapy. MTX intravitreal injection combined with
systemic MTX-based chemotherapy was recommended once
ocular lesions were confirmed. Recurrent intraocular and
central nervous system (CNS) events, progression-free survival
(PFS) and overall survival (OS) outcomes were analyzed. The
findings of this study revealed that 21 patients with PCNSL
exhibited intraocular involvement. One patient with IOL
presented with isolated ocular lymphoma at the initial diag-
nosis, and the others presented with ocular involvement along
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with CNS invasion during the course of the disease. A total
of 14 patients received systemic MTX-based chemotherapy
prior to the diagnosis of IOL. The recurrence rates in patients
with or without intraocular involvement were 71.4 and 46.3%,
respectively (P=0.04) and the relapse sites in the patients with
IOL included the brain (3 patients), eyes (6 patients), and both
brain and eyes (6 cases). The median PFS was 13 months in
the IOL group and 19 months in the patients without intra-
ocular involvement (non-IOL) (P=0.019). The median OS was
51 months vs. 56 months, respectively (P=0.312). There was no
significant difference in the 2-year PFS and OS rates between
the 2 groups (23.8% vs. 23.2%, P=0.951; and 61.9% vs. 41.4%,
P=0.093, respectively). On the whole, the findings of this study
suggest that patients with IOL have a high risk of relapse and a
poor PFS compared to patients without IOL, but a similar OS.

Introduction

Intraocular lymphoma (IOL) represents a malignant,extranodal
form of non-Hodgkin lymphoma (NHL) mainly located in the
vitreous, retina and optic nerve head. It is a subtype of primary
central nervous system lymphoma (PCNSL) that occurs in
isolation [termed primary IOL (PIOL)] or with a simultaneous
intracerebral mass (1). IOL can develop either as an isolated
manifestation or as a recurrent disease. Approximately 15-25%
of patients with PCNSL present with intraocular involvement
at diagnosis or during the follow-up period (2), accounting for
1% of intracranial tumors. Vitreoretinal lymphoma is the main
type of IOL.

IOL is a typical masquerade syndrome and shares some
symptoms, such as floaters and blurred vision, with posterior
uveitis, vitritis and retinitis (3). These shared symptoms can
result in difficult or delayed diagnoses. Approximately 80% of
patients with IOL have bilateral eye involvement (4). Although
examinations, including optical coherence tomography (OCT)
and B-type ultrasonography can provide valuable insight for
diagnosis, cytological analysis is an indispensable method for
diagnostic confirmation. The main pathological type is diffuse
large B cell lymphoma.
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It has to be determined whether IOL should be considered
a distinct lymphoma entity. For the rarity of the disease, little
is known about the differences between IOL and PCNSL
without intraocular involvement (non-IOL). An increasing
number of studies have suggested that IOL and PCNSL are
distinct in terms of genetic features and recommended clinical
actions (5,6). Additionally, Wang et al (7) used a single
nucleotide polymorphism microarray to demonstrate that
patients with IOL with central nervous system (CNS) lesions
at diagnosis had distinct genetic characteristics compared with
patients with isolated PIOL and secondary IOL following
systemic lymphoma, which may reveal the high heterogeneity
and distinctive biological behavior of the disease. Recent
studies have concentrated on isolated PIOL (8,9), concluding
that it is a less aggressive form of the disease (10,11). However,
to the best of our knowledge, only a few studies to date have
focused on IOL with CNS involvement or following intrace-
rebral mass due to the difficulty of diagnosis and rarity of the
disease (12,13). As a result, questions concerning the biological
behavior of IOL remain unresolved.

In this study, we hypothesized that patients with PCNSL
with intraocular involvement would have a higher rate of
relapse for the following reasons: i) It is difficult to detect
intraocular infiltration due to atypical symptoms; ii) the
unique genetic makeup of invading tumor cells may result
in treatment insensitivity; and iii) intravenous chemotherapy
with high-dose methotrexate (HD-MTX) is insufficient for the
treatment of IOL due to delivery impediments caused by the
blood-ocular barrier. In this study, we focus on the systemic
impact of intraocular involvement on the prognosis of patients
with PCNSL.

Patients and methods

Patient eligibility. From October, 2009 to October, 2016,
103 patients with PCNSL were consecutively enrolled at our
Huashan Hospital and Huashan Hospital North, Shanghai,
China. Their clinical data were prospectively analyzed.
All PCNSL diagnoses were confirmed by pathological
examinations following stereotactic puncture or surgical
tumor reduction. Brain magnetic resonance imaging (MRI),
systemic computed tomography (CT) scans, positron emis-
sion tomography-CT (PET/CT), bone marrow biopsy and
Karnofsky performance scores (KPS) were obtained to aid the
diagnosis and evaluation of the disease state. Cerebrospinal
fluid (CSF) samples were obtained when it could be done
safely and without the possibility of herniation from increased
intracranial pressure. The following patients were excluded in
the research: i) Patients with systemic lymphoma; ii) patients
with severe lesions affecting cardiac, liver or renal func-
tion; iii) HIV-positive and immunosuppressed patients;
and iv) patients with PCNSL suspected to have intraocular
involvement, but who rejected vitreous biopsy.

All patients with PCNSL were screened by ophthalmo-
logical assessment (including slit-lamp examination, OCT and
ophthalmologic B-ultrasound) when they were first admitted to
our hospital. Routine ophthalmical testing was also performed
after every 3 chemotherapeutic cycles. Vitreous biopsies were
performed when the above-mentioned inspections suggested
IOL. The diagnosis of IOL was made when lymphoma cells
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were found in the vitreous fluid. The identified patients were
divided into the IOL and non-IOL groups according to their
intraocular involvement status during disease progression.

Blood samples were collected from patients under aseptic
precautions and were subjected to centrifugation for 4 min
at 600 x g after the blood coagulated. The serum was then
separated and stored at 4°C in refrigerators. The serum lactate
dehydrogenase (LDH) concentration was measured using
the Lactate Dehydrogenase acc. to IFCC ver.2 (LDHI2) kit
(Roche Diagnostics GmbH, Mannheim, Germany). The serum
p2-microglobulin (f2-MG) concentration was measured using
a latex enhanced immunoturbidimetric assay and tests were
directed by the manufacturer of the kit (Zybio, Chongqing,
China). All the measurements were performed on an Roche
cobas 8000 modular analyzer series at Huashan Hospital.
Tumor tissues were fixed in 4% formalin, embedded in
paraffin and sectioned at 4 microns. The slices were depar-
affinized in xylol and rehydrated in graded alcohol. Antigen
retrieval with 10 mM citrate buffer (pH 6.2) at 95°C was
used. After the blocking of non-specific antibody binding by
incubating with 5% BSA, the sections were incubated with
anti-Ki-67 monoclonal antibody at a pre-diluted concentra-
tion (cat. no. MAB-0672; Maixin Biotechnologies, Fuzhou,
China) at room temperature for 45 min and HRP-conjugated
secondary antibody for 1 h at 37°C. To reveal endogenous
peroxidase activity, the slides were incubated with DAB
substrate and stained with hematoxylin. All the Ki-67 stained
slides were scanned by microscopy.

Treatment. The patients were treated with HD-MTX-based
chemotherapy with or without whole-brain radiotherapy
(WBRT). Rituximab, idarubicin (IDA) and teniposide
(VM-26) were also administered to the patients with PCNSL
in combination with HD-MTX and/or radiotherapy. In
total, 16 patients received intravitreal injections of MTX
following the identification of intraocular involvement. They
were initially treated with intravitreal injections of MTX
(400 ug/0.1 ml) in the affected eyes twice a week for 4 weeks,
then once a week for 8 weeks, and finally once a month for
9 months. An intrathecal injection of MTX was administered
to patients with meningeal involvement. Patients received
salvage drugs (such as high-dose Ara-C and pemetrexed) or
radiotherapy at first relapse.

This study received approval from the Ethics Committee
of the Institutional Review Board of Huashan Hospital, Fudan
University. All the patients voluntarily participated in this
study and provided informed consent.

Statistical analysis. Progression-free survival (PFS) was
defined as the time from entry into the study to the first sign
of disease progression, and overall survival (OS) was defined
as the time from study entry to death. The Mantel-Haenszel
Pearson Chi-square test or Fisher's exact test were used to
evaluate the differences in categorical data between the
2 groups. PFS, OS and 95% confidence interval (CI) values for
PFS and OS were estimated using the Kaplan-Meier method.
The log-rank test was used to perform univariate analyses.
Variables with a univariate analysis P-value <0.2 were exam-
ined using the Cox proportional hazards regression model for
multivariate analysis. Results were considered statistically
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Table I. Characteristics of patients with PCNSL with and without intraocular involvement.
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Characteristic Non-IOL (n=82) IOL (n=21) P-value
Follow-up time, median (range) 20 (3-89) 27 (4-83) 0.842
Age, median (range) 55.5 (23-75) 55 (37-71) 0.947
>60 years 27 4 0.216
Sex
Male 56 12 0.336
Female 26 9
KPS, median (range) 70 (30-90) 60 (30-80)
30-40 28 8 0.735
>40 54 13
Diagnosis
Surgery 40 11 0.768
Biopsy 42 10
Lesions
Single 35 13 0.115
Multiple 47 8
Initial therapy
Chemotherapy 47 14 0.437
Chemotherapy-+radiotherapy 35 7
Ki-67
Median (range) 60 (0-95) 75 (20-99)
48/82 10/21 0.350
=80 16/48 5/10 0.318
LDH
Median (range) 203.8 (109-638) 182 (139-385) 0.763
Elevated  2-MG 24/54 3/14 0.117
Meningeal involvement 16/40 5/12 0918
Disease relapse 38 15 0.04
Brain 38 3
Eye 0 6
Brain and eye 0 6
Time to diagnosis, median (range) 1.0 (0.2-27.0) 1.0 (0.5-16.0) 0.775

PCNSL, primary central nervous system lymphoma; IOL, intraocular lymphoma; KPS, Karnofsky performance scores; LDH, lactate dehydro-

genase; $2-MG, (32-microglobulin.

significant at P<0.05. The statistical tests were conducted
using STATA 12.0 software.

Results

Patient characteristics. Of the 103 patients with PCNSL
eligible for enrollment into this study, 21 patients (20.4%,
including 12 males and 9 females) presented with intraocular
involvement as confirmed by the cytomorphological examina-
tion of vitreous aspirate (Fig. 1). The median follow-up period
was 21 months (ranging from 3 to 89 months). The mean age
at the onset of IOL was 55 years (ranging from 37 to 71 years).
The main clinical characteristics of the eligible patients are
summarized in Table I. No significant differences were
observed between the patients with and without intraocular

involvement as regards age, sex, clinical presentations and
laboratory data (including Ki-67, serum LDH and 3,-MG).

Characteristics of IOL. Among the 21 patients with IOL,
11 patients had bilateral eye involvement and 10 patients had
unilateral eye involvement over the course of the disease.
In total, 16 patients had clinical symptoms including the
following: Blurred vision, photophobia, fundus hemorrhage,
floaters, ocular pain and ocular movement limits. However,
5 patients were asymptomatic when diagnosed. A total of
7 patients presented with IOL at the onset of diagnosis, and
14 patients presented with intraocular involvement along the
disease course. In total, 20 patients had a contaminant CNS
mass during the course of the disease, and 6 had both paren-
chymal and ocular involvement at diagnosis. Only 1 patient
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Figure 1. B-scan ultrasound, slit-lamp examination and pathological results of patients with PCNSL with intraocular involvement. (A) Fundus color images
demonstrating orange deposits and hemorrhage (white arrow) in the retina before MTX intravitreal injection. (B) Fundus color images showing disappeared
orange deposits in the retina after MTX intravitreal injection. (C) Ocular B-scan ultrasound images of a confirmed patient with IOL showing a dense punctate
mass in the vitreous cavity. (D) Immunocytology displaying tumor cell expression of CD20 (magnification, x100). (E) Vitrectomy specimen showing lympho-
cytic blasts with large nuclei and prominent nucleoli (magnification, x400). PCNSL, primary central nervous system lymphoma; IOL, intraocular lymphoma.
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Figure 2. Kaplan-Meier estimates of outcomes by patients with and without intraocular involvement. (A) Progression-free survival. (B) Overall survival. IOL,
intraocular lymphoma; non-IOL, no intraocular lymphoma.

was diagnosed with PIOL. The clinical signs of the patients  with rituximab, IDA and VM-26. A total of 15 patients in the
with IOL are summarized in Table II. IOL group and 66 patients in the non-IOL group responded

to the HD-MTX-based therapy. The overall response (OR)
Treatment. All the patients were treated with HD-MTX with  rates were 71.4 and 80.5%, respectively (P=0.545). In total,
or without WBRT; in some cases, this treatment was combined 15 patients in the IOL group and 57 patients in the non-IOL
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Table II. Clinical signs of patients with intraocular lymphoma.

No. of
Characteristics patients
Single eye involvement 10
Bilateral eye involvement 11
Symptomatic 16
Asymptomatic 5
With parenchyma involvement at diagnosis 20
Without parenchyma involvement at diagnosis 1
Intraocular involvement initially 7
Intraocular involvement during disease progression 14

Table III. Outcomes of the HD-MTX-based therapy in the IOL
and non-IOL patients.

Non-IOL (%) IOL (%) P-value
OR rate, % 80.5 714 0.545
CR rates, % 69.5 714 0.864

HD-MTX, high-dose methotrexate; IOL, intraocular lymphoma;
OR, overall response; CR, complete remission.

group achieved complete remission (P=0.864). No significant
differences were observed between the responses of the
2 groups (Table I11).

A total of 16 patients received intravitreal injections of
MTX at a dose of 400 ug/0.1 ml after presenting with intraoc-
ular involvement. From this group, 15 experienced a clearance
of intraocular tumor cells following <15 cycles of intravitreal
MTX injections. One patient experienced disease progression
in both the eyes and in the calvarium after 7 injection cycles.
The main complication of this treatment was reversible corneal
injury, which usually occurred after the first 8 weeks of injec-
tions. Other complications included complicated cataracts,
increased tension, vitreous hemorrhage and optic atrophy.

Disease relapse. Of the 21 patients with IOL, 15 (71.4%) expe-
rienced disease relapse. In total, 3 patients had isolated brain
parenchymal relapse, 6 patients had isolated eye relapse, and
6 patients had relapses concurrently involving the brain paren-
chyma and the eyes. In the non-IOL group, 38 patients (46.3%)
had brain relapse (P=0.04) (Table I). The 2-year PFS rates of
the IOL and non-IOL groups were 23.8 and 23.2%, respectively
(P=0.951). The 2-year OS rates of the IOL group and non-IOL
group were 61.9 and 41.4%, respectively (P=0.093).

Survival data. The median follow-up periods of the
IOL and non-IOL groups were 27 months (ranging from
4 to 83 months) and 20 months (ranging from 3 to 89 months),
respectively (P=0.842). The median PFS in the IOL group was
13 months (95% CI 9.6-16.3), whereas that in the non-IOL
group was 19 months (95% CI 11.2-26.8; P=0.019) (Fig. 2A).
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The median PFS in the IOL group was significantly shorter
compared with the median PFS of patients without intraocular
involvement. The median OS of the patients with IOL was
51 months vs. 56 months for the patients without IOL (non-IOL
patients; 95% CI 37.2-74.8; P=0.312). No significant differ-
ence was found between the 2 groups (Fig. 2B). A univariate
analysis identified intraocular involvement as the only factor
predictive of PFS (Table IV) and age (=60) as the only factor
predictive of OS. Furthermore, a multivariate analysis using
backward stepwise selection and including the factors with
a P-value <0.20 from the univariate analyses, demonstrated
that intraocular involvement was a significant risk factor for
PFS (Table V) and age (=60 years) was a significant risk factor
for OS (Table VI). The risk of death was not affected by intra-
ocular involvement.

Discussion

In this study, we prospectively evaluated the prognostic value of
intraocular involvement in patients with PCNSL. The median
follow-up time across both groups was 21 months. The relapse
rate of the patients in the IOL group was significantly higher
than that of the patients in the non-IOL group. Additionally,
a significantly poorer PFS was observed in the IOL group
compared with the non-IOL group. Nonetheless, there was no
significant difference in the OS rate between the 2 groups.

The survival outcomes of patients with PCNSL with
intraocular involvement are controversial. The PFS and OS
rates in the reported studies vary widely and have clear varia-
tions. The main reason for these different survival outcomes
is the heterogeneity of both the inclusion criteria and patient
evaluation. Furthermore, the diagnostic criteria for IOL
varies across different studies due to a lack of standardiza-
tion. Grimm et al (14) reported that patients with PCNSL with
and without intraocular involvement had similar PFS and OS
rates; however, their study only included patients with ocular
and parenchymal involvement at diagnosis. Kreher er al (15)
demonstrated that patients with IOL had significantly inferior
PFS and OS rates compared with non-IOL patients. In this
study, not all patients received an ophthalmological evalua-
tion. In the IOL group in this study, we included patients who
presented with intraocular involvement either at initial diag-
nosis or during the course of the disease. Patients with IOL
had an inferior PFS, but similar OS compared with those in the
non-IOL group, and this difference may have been obtained
for the following reasons: i) Many other factors may influ-
ence OS; ii) we changed systemic therapeutic regimens after
disease relapse, which may improve the outcomes to a certain
extent; iii) eye-specific therapy was used in some patients with
IOL, which helped decrease the additional tumor burden; and
iv) the median follow-up time was too short to identify the
differences. Due to the rarity of the disease, further studies are
warranted to confirm our results.

This study demonstrated that 20.4% of patients with
PCNSL presented with intraocular involvement at some point
during the study, which was within the range reported by other
studies (16,17). Although HD-MTX-based therapy improved
the prognosis of patients with PCNSL, up to 60% of patients
PCNSL will eventually relapse (18). Late relapses account for
4% of all recurrences in the PCNSL population (19). More
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Table I'V. Univariate analysis for risk factors of PFS and OS.
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PFS oS
Characteristic HR 95% CI P-value HR 95% CI P-value
Female 0.992 0.610-1.612 0.973 1.341 0.680-2.643 0.397
Age, =60 years 1.109 0.668-1.839 0.689 2.004 1.009-3.981 0.047
KPS <40 1.225 0.764-1.965 0.399 1.148 0.577-2.811 0.695
Radiotherapy 0.872 0.548-1.389 0.566 1.318 0.674-2.576 0419
Multiple lesions in brain 1.368 0.859-2.177 0.187 1.758 0.882-3.501 0.109
Biopsy 0.968 0.622-1.576 0.968 1.417 0.708-2.835 0.325
Elevated LDH 1.139 0.612-1.139 0.612 1.083 0.529-2.215 0.827
Elevated $2-MG 0954 0.574-1.585 0.857 1.481 0.749-2.928 0.259
Meningeal involvement 1.756 0.908-3.398 0.094 1.571 0.660-3.738 0.307
Ki-67 =80 0.944 0.487-1.831 0.866 0.568 0.204-1.585 0.280
Intraocular involvement 1.804 1.083-3.004 0.023 0.619 0.240-1.599 0.322

PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; KPS, Karnofsky performance scores; LDH,

lactate dehydrogenase; 32-MG, [32-microglobulin.

Table V. Multivariate analysis for the risk factors of
progression-free survival (PES).

PFES
Characteristic HR 95% ClI P-value
Intraocular involvement 2.600 1.255-5.376 0.010
Meningeal involvement 1.842  0914-3.704 0.087
Multiple lesions in brain ~ 1.543 0.746-3.195 0.242

HR, hazard ratio; CI, confidence interval.

Table VI. Multivariate analysis for the risk factors of overall
survival (OS).

oS
Characteristic HR 95% CI P-value
Age, 260 years 2.183  1.091-4.386 0.027
Multiple lesions in brain 1.923  0.958-3.861 0.066

HR, hazard ratio; CI, confidence interval.

and more studies are now focused on the prognostic factors
of PCNSL. Kim et al (20) demonstrated that age and the
Memorial-Sloan Kettering Cancer Center prognostic score
were predictive of survival. In the present study, we demon-
strated that patients with intraocular involvement had a higher
relapse rate. In accordance with the findings of this study,
Ferreri et al (21) reported that the prognosis of PIOL with cere-
bral involvement was poor and that the 2-year OS rate was 39%.

The diagnosis of IOL is challenging and misdiagnoses
are not uncommon. Research into this disease requires
precise diagnostic approaches and collaborations between
ophthalmologists, pathologists and oncologists. Common
ophthalmological examinations, such as OCT and flow cytom-
etry, may be sensitive and valuable methods, but may not result
in a definitive diagnosis. Cytological studies of vitreous biop-
sies are the mainstay of diagnoses (22). In the present study,
we selected non-invasive ophthalmological examinations for
initial detection in suspected patients. Diagnosis was then
confirmed by histopathological examinations. This alleviated
unnecessary injury and improved the accuracy of the diag-
nosis. Furthermore, accurate diagnoses require the sufficiently
rapid transportation of tissue specimens, good quality speci-
mens, and experienced interpretation (23). In general, tumor
cells in the specimens are limited in number and are dispersed
throughout the sample. In this study, 5 out of the 21 patients with
IOL were asymptomatic when diagnosed, which indicated that
ocular symptoms are not a necessity in the diagnosis of IOL.
Currently, studies have indicated that a biochemical test of the
interleukin (IL)-10/IL-6 cytokine ratio in the vitreous body
helps improve the diagnostic efficacy (24,25). We also found
that this ratio was higher in the patients IOL than the non-IOL
patients (data not shown), which indicated the promise of this
ratio for diagnosis.

It is noteworthy that intraocular involvement developed
as a recurrent disease during the interval of systemic MTX
therapy in 14 patients with IOL. These observations support
the notion that chemotherapeutic agents, including systemic
MTX, may not adequately penetrate the blood-ocular barrier.
The early recognition of risk factors for intraocular involve-
ment may facilitate early detection and prompt treatment. Cho
and Yu (26) demonstrated that patients with PCNSL with a
higher Ki-67 level were prone to intraocular dissemination.
Further studies are required to enhance the early detection of
intraocular involvement and to determine which patients will
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require eye-dedicated prophylaxis. The findings of this study
indicate that the follow-up ocular examinations during the
course of MTX therapy are also essential.

Due to the blood-ocular barrier, systemic HD-MTX is not
sufficient to achieve targeted therapeutic concentrations in the
eyes. Eye-dedicated therapy, including intravitreal MTX injec-
tion and ocular radiation, is a necessity for patients with IOL to
locally control their disease. Additionally, Akiyama et al (27)
demonstrated that intravitreal MTX combined with systemic
high-dose MTX is effective at preventing CNS involvement
in PIOL. Although repeated intravitreal MTX injections had
many local complications, this therapy often had a satisfac-
tory effect, and the side-effects were well tolerated. Only
1 in 16 patients had disease progression from the left vitreum to
the right. Clinical manifestations, such as anterior uveitis and
the development of new lesions were observed intracalvarium.
Similar to many other studies (28 and Refs. therein), the results
of this study demonstrated that repeated intravitreal injections
of MTX are essential and safe for the treatment of IOL.

Radiotherapy has also been used for IOL treatment and is
considered an effective treatment to control primary lesions.
Isobe et al (29) demonstrated that 13 of 15 patients with
PIOL treated with radiotherapy reached complete remission.
However, there is significant ocular toxicity associated with
this treatment, including radiation retinopathy and cataract
formation. As a result, radiotherapy is only indicated as a treat-
ment for recurrent IOL after intravitreal MTX injections or in
cases where local chemotherapy cannot be used (30). However,
Berenbom et al (31) state that intravitreal chemotherapy does
not possess a clear advantage and that radiotherapy may still
be the most appropriate first-line treatment in most cases.

The present study has several limitations. The small
sample size is the major limitation of our study due to the low
morbidity rate. As a result, we did not compare the clinical
features of patients with IOL at diagnosis and relapse. Second,
chorioretinal biopsies should be performed if vitreous samples
fail to provide diagnostic tissue. This type of examination
increases reliability in diagnosing and excluding a PIOL that
involves the retina or choroid. However, due to permanent
defects in biopsied nerves and irreversible visual impairment,
we did not perform this examination.

In conclusion, the present study demonstrates IOL patients
have a high risk of disease relapse and a poor PFS, but a similar
OS to the non-IOL group. Our results suggest the importance
of intraocular evaluation for PCNSL patients. Prospective
multicenter studies and collaborative efforts are required to
better understand the pathogenesis and optimal treatment
for IOL.
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