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PURPOSE: Primary central nervous system lymphoma (PCNSL) is a non-Hodgkin lymphoma involving the brain with possible
leptomeningeal and ocular involvement. This study aimed to evaluate the safety and efficacy of modified intravitreal injection
regimen of methotrexate (MTX) for therapeutic management of vitreoretinal lymphoma.
MATERIALS AND METHODS: Forty human immunodeficiency virus (HIV)–negative Chinese patients with primary vitreoretinal
lymphoma were included in this retrospective noncomparative interventional case series study. Patients were treated with a
modified protocol of intravitreal injection of MTX (400 µg/0.1 ml) according to the Intensive-Consolidation-Maintenance regimen.
The Intensive phase of once-weekly intravitreal injections for 1 month, followed by the Consolidation phase of one injection every
2 weeks for 1 month, and then the Maintenance phase of once monthly for 1 month, for a total of 7 injections. The primary main
outcome measures were clinical response to intravitreal chemotherapy, number of injections for clinical remission, progression-free
survival (PFS), overall survival (OS), visual acuity (VA), complications during the study period, and cause of death were investigated.
RESULTS: The duration of follow-up from the commencement of injection of MTX was 12–73 months (median 28, 30.55 ±
14.73 months). A total of 61 eyes of 40 patients were cleared clinically from malignant cells after a median 6.57 ± 3.12 (median 6,
range 1–14) times of injection of MTX. A second remission was induced in 3 patients, who were treated with a further course of
intravitreal chemotherapy after tumour recurred in their eyes. The median PFS and OS were 20.82 months (95% CI 14.64–27.01) and
29.29 months (95% CI 16.16–42.41), respectively. Complications that occurred during the period of treatment and follow-up
included corneal epitheliopathy (3 of 61 eyes) and cataract (6 of 61 eyes). There were no cases of maculopathy, vitreous
haemorrhage, optic atrophy, and sterile endophthalmitis. No patient had an irreversible loss of vision that could be attributed to the
intravitreal injection of MTX.
CONCLUSIONS: It can be concluded that the modified intravitreal injection regimen of MTX is an effective therapeutic approach in
inducing clinical remission of intraocular involvement in PCNSL patients, associated with few complications. However, further study
needs to be conducted to indicate whether the proposed approach extends life expectancy.
HIGHLIGHTS:

● Primary central nervous system lymphoma (PCNSL) can involve the vitreous and retina and is associated with a poor clinical
outcome, with a survival rate of less than 3 months in absence of undergoing an effective therapeutic strategy. Methotrexate
(MTX) is the most efficient cytotoxic drug for patients with vitreoretinal involvement in primary vitreoretinal lymphoma (PVRL),
through intravitreal injection of MTX.

● In our experience, the modified protocol of intravitreal MTX according to the Intensive-Consolidation-Maintenance regimen,
was effective in inducing clinical remission of PVRL with few complications. The accumulating clinical results brought us to
propose the consideration of this protocol as a good first-line treatment option for PVRL.
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INTRODUCTION
Primary central nervous system lymphoma (PCNSL) is defined
as lymphoma restricted in the central nervous system (CNS), as
presented in the brain, spinal cord, leptomeninges, or ocular
involvement. The incidence of PCNSL is 0.27 per 100,000
person-years in the immunocompetent population, and 4.7 per
1000 person-years among patients with acquired

immunodeficiency syndrome (AIDS) [1–4]. Ocular involvement,
generally referred to as primary vitreoretinal lymphoma (PVRL),
occurs in approximately one-quarter of patients with PCNSL [5].
The hallmark of intraocular involvement of PCNSL is the
presence of vitreous cells (Fig. 1), which is often misdiagnosed
as the chronic or non-responsive uveitis [6], and subretinal
infiltrates (Fig. 2A–D).
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In patients with PCNSL, an extremely poor prognosis was
reported, with a survival rate of less than 3 months in absence of
undergoing an effective therapeutic strategy [1, 7]. The treatment
protocols, such as orbital irradiation, chemotherapy [8–10], and
combination of chemotherapy and radiotherapy, were investi-
gated to control tumour growth successfully [11].
External beam radiation has been extensively utilised in

different centres for the treatment of vitreoretinal lymphoma.
However, although radiotherapy may induce an ocular remission,
the lymphoma may recur [4], and further irradiation places the
patients at a high risk of irreversible vision loss caused by radiation
retinopathy [12]. Radiation therapy to the eye may cause
remarkable ocular complications, including optic neuropathy,
cataract formation, dry eyes, radiation retinopathy, and prolonged
corneal epithelial defects [13]. Besides, with the existence of
tumour relapses, there is a theoretical risk of intracranial diffusion,
jeopardising the survival of patients. As the blood–ocular barriers
may limit the penetration of chemotherapeutic agents into the
eye, systemic high-dose intravenous methotrexate (MTX) may lead
to recur after an initial response [14]. Due to the above concerns
regarding orbital irradiation treatment and systemic chemother-
apy, a protocol has been developed to treat vitreoretinal
involvement in PCNSL patients through intravitreal injection of
MTX at the Oregon Health & Science University (Portland, OR,
USA), and that protocol was modified at the Hadassah-Hebrew
University Medical Center (Jerusalem, Israel) [13, 15–17]. The
treatment protocol included injection of 400 µg/0.1 ml MTX
intravitreally twice weekly for 4 weeks, once weekly for 8 weeks,
and then once monthly for 9 months, for a total of 25 injections.
This management was proved effective in terms of inducing
clinical remission of ocular involvement in PCNSL patients
accompanied by acceptable morbidity [16, 17].
Although the Frenkel’s [17] treatment is accepted by many

medical centres, however, the problem with the old protocol was
the large number of injections (25 per year per eye). Thus, to
further explore the more optimised treatment for PVRL, we
decided to use a new protocol to see if fewer injections would
still be effective. In this study, we introduce a new modified
protocol of intravitreal MTX which has been used and validated in
treating PVRL in over 40 patients at Beijing Tongren Hospital for
ten years.

MATERIAL AND METHODS
We reviewed the medical records with biopsy-confirmed PCNSL patients
with vitreoretinal involvement, who were treated by intravitreal che-
motherapy between April 2009 and August 2019 at Beijing Tongren

Hospital. Those with human immunodeficiency virus positive were
excluded. For cases that have no systemic history of lymphoma at
presentation, a vitreous biopsy was performed to confirm the diagnosis.
The intravitreal protocol was approved by the Institutional Review Board of
Beijing Tongren Hospital. All patients had agreed and signed the informed
consent forms.
In this study, the Intensive phase of once-weekly intravitreal injection

of MTX was applied for 1 month. A dose of 400 µg/0.1 ml MTX was
injected using a 29-gauge needle. It was followed by the Consolidation
phase of one injection every 2 weeks for 1 month, and the Maintenance
phase with once-monthly MTX injections for 1 month, adding up to a
total of 7 injections. If patients achieved remission before 7 injections,
they would stop the injections; if patients did not achieve remission
after a full course of 7 injections, they would start another course of 7
injections until achieving the clinical remission. If the intraocular
lesions recurred during the follow-up period, the above treatment
protocol was repeated. The treatment was terminated if patients were
unwell due to the systemic disease or suffered from serious ocular
complications.
At each visit, patients were examined with visual acuity (VA)

examination, intraocular pressure (IOP) measurement, slit-lamp biomicro-
scopy, and dilated fundus examination by fundus photography and optical
coherence tomography (OCT). The data collected were as follows:
demographic characteristics, biopsy diagnosis; initial location of the
tumour; aqueous humour concentration of interleukin 10 (IL-10) to
interleukin 6 (IL-6) ratio, status of the extraocular disease, total number
of intravitreal injections, clinical response to therapy (including indications
of clinical remission, absence of infiltrating cells in vitreous, retina, optic
disc and choroid); the number of injections performed for clinical
remission; complications observed during the study period and outcome,
duration of follow-up, other interventions (such as vitrectomy, systemic
and intrathecal chemotherapy, and radiotherapy), duration of survival after
diagnosis, and cause of death if applicable. Pre-treatment and post-
treatment of VA, as well as the main cause of significant loss of VA (Snellen
chart reduced by 2 or more lines) was determined.

Statistical analysis
Demographic data were analysed using descriptive statistics. OS and PFS
were calculated from the date of diagnosis to the date of last follow-up,
relapse/progression, or death from any cause. The probabilities of PFS was
estimated using the Kaplan-Meier method and the log-rank test for survival
comparison. Stata version 15.0 (StataCorp LLC, College Station, TX, USA)
was used to implement. Statistical analysis of the data between baseline
and follow-up in each group were performed. Means ± SD or median (min-
max) were reported for continuous variables. Mean values between groups
in continuous variables were compared using independent t-tests.
Wilcoxon rank-sum (Mann–Whitney) test was used for those continuous
variables which were with non-normal distribution, and Chi-square was
used to compare categorical data between the two groups. P values and
confidence intervals (CI) were two sided. P values less than 0.05 were
considered statistically significant.

Fig. 1 VRL of a 56-year-old woman (case 5). A In patients with intraocular lymphoma, the presence of vitreal cells, mainly in grayish-white
clumps, which is often misdiagnosed as chronic or non-responsive uveitis. B Structural OCT images from eyes with intraocular lymphoma for
the presence of a double-layer sign (red arrow) to determine if the double-layer sign predicted subclinical intraocular lymphoma.
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RESULTS
Patient’s characteristics
61 eyes of 40 patients with intraocular lymphoma were treated by
proposed intravitreal injections of MTX from April 2009 to August
2019. The median age was 60.68 ± 10.07 years (median 62.50,
range 31–81 years). The patients’ demographic and clinical data
were summarised in Table 1a. The diagnosis of lymphoma was
confirmed by vitrectomy of 12 eyes of 8 patients (Fig. 3). A total of
61 eyes of 40 patients were diagnosed with PVRL of the B-cell
lymphoma. It was disclosed that 19 patients had a monocular
disease. Of the 21 patients who had binocular disease, 7 had
monocular involvement at initial examination and developed
involvement of the fellow eye, with a mean interval of 15.43 ±
11.67 months (median19, range 2–28 months). The IL10/IL6 > 1
was detected in 40 eyes (65%) of 29 patients.
In 21 patients, the eye symptoms preceded the CNS symptoms.

The mean interval between the involvement of eye and CNS was
23.00 ± 5.48 months (median 25, range 14–28 months). In 19
patients, the CNS involvement preceded the eye symptoms, with a
mean interval of 17.50 ± 11.32 months (median 17, range
0.5–48 months).
We treated only those eyes that were clinically involved

intraocular lymphoma. Intravitreal chemotherapy with MTX was
taken as the sole treatment of intraocular lymphoma for the 40
patients. The overall response rate for evaluable patients was
100%. Among them, 24 PCNSL patients with ocular involvement

had relapses of intracranial lesions and were treated with systemic
chemotherapy, and then, further treated sequentially by intravi-
treal injection of MTX during the study period. Since completion of
the study, 3 patients underwent systemic chemotherapy for the
CNS involvement, as well as intravitreal injection of MTX. In
addition, 1 patient had axillary lymph node metastasis, and she
underwent biopsy and was diagnosed as the B-cell lymphoma.
In all the cases, a “double-layer” sign between the RPE and

Bruch membrane was observed in the OCT, which was related to
the disruption of the retinal barrier by lymphoma.

Efficacy of the therapy
61 treated eyes from 40 patients were cleared from malignant
cells after intravitreal injections, the median number of intravitreal
injections per patient was 6 (range of the number of injections,
1–14). Forty-two eyes (69%) had 7 or less injections and the mean
number of injections per eye was 5 injections mean 4.86 ± 1.65
(median 4, range 1–7). In 6 eyes of 3 patients, an ocular relapse
was noted in association with intracranial relapse at 12–24 months
after clinical remission of the PVRL (Table 1b).
Besides, 12 eyes were clinically cleared from malignant cells

after receiving vitrectomy, before commencing intravitreal che-
motherapy. However, the PVRL relapsed again after undergoing
vitrectomy (mean 3.12 ± 0.57 months [median 3, range 2–4] later)
and received the same treatment of intravitreal injection of
methotrexate. Patients who had binocular PVRL showed no

Fig. 2 PVRL of a 66-year-old woman before (A) and after (B) intravitreal injection of MTX (case 25). VRL of a 52-year-old man before (C)
and after (D) intravitreal injection of MTX (case 7). A Fundus photograph taken at the time of presentation with intraocular lymphoma,
showing multiple lesions of subretinal malignant infiltrates. B Post-treatment of fundus photograph showed underwent intravitreal injections,
most of the lesions resolved (case 14). C Colour fundus photographs showed yellow-white, like ice-cream retinal infiltrating lesions in the
superior temporal quadrants. D Post-treatment of fundus photograph showed underwent intravitreal injections, most of the lesions resolved
(case 3).
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difference in response to the intravitreal injection of MTX between
the eye that underwent vitrectomy and non-treated eyes.
The data describing the VA were presented in Table 1c.

Moreover, 16 eyes of 14 patients had ≥3 lines of VA improvement
(ranging from a mean initial VA of 20/200 to a mean final VA of 20/
40). Eyes with poor initial VA (CF) had not significantly changed,
less improved from a mean initial VA of CF of 15 cm to a mean
final VA of CF of 50 cm. On the other hand, eyes with satisfactory
initial VA (20/25–20/20, Snellen chart) did not remarkably change.
In 2 eyes of 2 patients, VA notably deteriorated (from LP to NLP)
during the study period. In 6 eyes of 6 patients, cataract was found
to be noticeable, and corrective surgery was not performed.
With a median follow-up of 30.55 ± 14.73 months (median 28,

range 12–73), 6 eyes of 3 patients had relapsed, and 7 patients
had died due to the progress of intracranial lymphoma. No
patients died from treatment-related causes. In addition, 9 of 30
patients survived at least 5 years after initial diagnosis, while none
of them had an ocular relapse. The median PFS and OS were
20.82 months (95% CI 14.64–27.01) and 29.29 months (95% CI
16.16–42.41), respectively (Fig. 4). We are currently following the
remaining patients as well.

Complications
The main adverse effect related to intravitreal injection was
corneal epitheliopathy (3 eyes, 0.5%), acceleration of existing
cataract (6 eyes, 1%). The vitreous haemorrhage, sterile

endophthalmitis, maculopathy, and optic atrophy were not
observed in any of the patients. A transient elevation of IOP was
found after intravitreal injection (2 eyes, 0.3%), however, no
sustained IOP elevation was not present.
None of the patients developed severe corneal epitheliopathy.

In the majority of patients, corneal epitheliopathy was either
untreated or responded to a course of lubricant eye drops. Limbal
stem cell deficiency was not observed as well. During the study
period, cataract surgery with intraocular lens implantation did not
undertake in the 6 eyes.

DISCUSSION
To our knowledge, this was the largest PVRL series in the Asian
population. In the study, we described the clinical characteristics of
patients with PVRL, as well as long-term follow-up of their response
to the modified regimen of intraocular injections of MTX. Our
findings included the number of injections required for clinical
remission, PSF, OS, effects on VA, and resulting complications.
A subset of PCNSL [18], vitreoretinal lymphoma (VRL) is a rare

ocular malignancy. Therapies that have been successful in
systemic lymphomas have not been reliably effective in PCNSL
and VRL. Limitation of drug delivery through the blood–ocular
barriers was a major challenge in the treatment of patients with
PCNSL. The blood-retinal barrier was the most key point of clinical
treatment for PVRL [19], because tumour primarily affects poster-
ior ocular segments, including vitreous, retina, and optic nerve
[15]. MTX, as the most efficient cytotoxic drug for patients with
PCNSL, may result in a relatively low drug concentrations in the
vitreous when a systemic “high-dose” regimen was used [20–22],
which was not sufficient to clear lymphoma, while the related
systemic toxicity may be remarkable [15, 21]. Instead, de Smet
et al. [23] revealed that a sole intravitreal injection of MTX (400 µg/
0.1 ml) was helpful to achieve tumoricidal levels within the eye
(>1 µmol/l) for 5 days. However, previous studies described the
need for a large number of injections (a maximum of 12 or 25 MTX
injections) to clear clinically malignant cells [15, 17]. And in Smith’s
series, six of a total of 26 eyes (23%) developed biopsy-proven
ocular recurrence, occurring in association with intracranial
recurrence, 12–24 months after clinical remission of the intrao-
cular lymphoma [15].
In the current study, the protocol was amended in which the

duration of the Consolidation phase and Maintenance phase was
taken equal to 1 month. Concerning treating PVRL, we treated 61
eyes of 40 patients with PCNSL through the “Intensive-Consolida-
tion-Maintenance” regimen of intravitreal injection of MTX
combined with multiple systemic and/or intracranial treatments.

Fig. 3 PVRL of a 63-year-old man (case 40). Photomicrograph
of diagnostic vitrectomy specimen from patients that demon-
strates numerous malignant lymphocytes (stain, HE; original
magnification, ✖ 200).

Fig. 4 Survival analysis of 40 PVRL/VRL patients. A, B The survival curves. With a median follow-up of 30.55 ± 14.73 months (range 12–73),
the median progression-free survival (PFS) and overall survival (OS) were 20.82 months (95% CI 14.64–27.01) and 29.29 months (95% CI
16.16–42.41), respectively.
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In all the treated eyes, clinical remission of the intraocular
lymphoma was demonstrated during the follow-up by absence of
vitreous cells and resolution of retinal infiltration [24]. Most
affected eyes (n= 42, 69%) were successfully treated at the end of
the third month of management. In addition, 12 eyes were
clinically cleared from tumours after undergoing vitrectomy,
before the start of intravitreal chemotherapy. It was noteworthy
that lymphoma relapsed after receiving vitrectomy, and there was
no significant difference in response to the intravitreal injection of
MTX between those patients who underwent vitrectomy and
others. Three patients experienced the tumour relapses within the
eyes, the second remission could be achieved by administering a
further course of intravitreal chemotherapy. On the other hand, no
eyes occurred the irreversible vision loss, which may be due to this
further modified treatment regimen. Thus, it was of great
importance to reduce the number of injections and finish the
treatment protocol after 3 months. Nevertheless, it remained
elusive whether there was a relapse if the treatment was not
maintained after the maintenance period. Hence, further studies
with a larger sample size need to be conducted.
In this study, a modified “Intensive-Consolidation-Maintenance”

regimen was employed to treat the PVRL via intravitreal injection
of MTX (400 µg/0.1 ml). In all patients, the final ophthalmic
examination indicated that there was no lymphoma, and death
(n= 7, 17.5%) was attributed to intracranial progression. Clinical
ocular examinations were sufficiently sensitive to detect the
intraocular tumour cells which may eventually induce relapses of
lymphoma. In 19 of 40 patients, CNS involvement preceded the
eye symptoms, with a mean interval of 17.50 ± 11.32 months
between onset of CNSL and VRL. Hence, it is important to suspect
the diagnosis in any patient with a history of either CNSL or
systemic lymphoma with vitreous cells or retinal infiltrates.
Although it was disclosed that the majority of patients with
PCNSL and PVRL were of B-cell origin, a limited number of patients
yielded T-cell lymphoma [17, 25]. Therefore, early vitrectomy with
immediate cytological evaluation can ascertain the clinical
diagnosis of PVRL [26, 27]. It has been reported that the sensitivity
of RT-qPCR in the diagnosis of PVRL was only 64% [27–29]. Hence,
the application of cytokines for distinguishing PVRL from uveitis
has been previously studied. It was noteworthy that IL-10 was
produced by malignant B lymphocytes in intraocular and CNS
lymphoma, while IL-6 was generated in high levels by inflamma-
tory cells in uveitis [30, 31]. Measurement of the ratio of IL-10/ IL-6
in vitreous was also helpful in the diagnosis of PVRL [31]. In the
present study, we collected and analysed the aqueous humour
samples to measure the levels of IL-6 and IL-10; and indicated the
IL-10/IL-6 ratio can further improve the efficacy of diagnosis.
A limited number of complications were observed during the

study period. In the current study, band keratopathy developed in
3 patients. MTX is probably responsible for eyes with corneal
epitheliopathy, according to the effects of antimetabolites on the
proliferated epithelium. Generally, the condition was mild, which
was resolved spontaneously or after using eye lubricants without
influencing vision. At that time, they had mild signs of dryness,
which resolved within a relatively temporary side effect. Progres-
sion of preexisting cataract was observed as a common
complication in 6 patients who underwent vitrectomy during
the study period. However, this may be observed in healthy
individuals as a consequence of aging. Remarkably, no eyes of
irreversible vision loss or sequelae were attributed to the
intravitreal injection of MTX. Smith et al. [15] reported other
complications, such as corticosteroid-responsive sterile
endophthalmitis, vitreous haemorrhage [17], neovascularization
of the iris (NVI) or neovascularization glaucoma (NVG), maculo-
pathy, and optic atrophy. Maculopathy, associated with signifi-
cantly irreversible vision loss [32], may be related to intravitreal
injection of MTX. In our study, treatment with intravitreal injection
of MTX not resulted in these severe complications.

Rituximab was a chimeric monoclonal antibody targeting
against the pan-B-cell marker CD20, has been studied as an
adjunctive treatment for PVRL [33, 34]. However, only initial data
in conjunction with MTX are available. Hence, it may be used to
either reduce the MTX concentration or the number of injections
required to prevent a relapse. Thus, alternative treatments, e.g.
Rituximab, have not extensively utilised as the first line of
treatment.
The main limitations of this study include its retrospective

nature, some patient loss to follow-up, mostly due to patient
death caused by CNS disease, and the lack of genetic analysis. In
addition, the study was performed in one centre, potentially
introducing selection bias. The main strength of the study is that
all the patients were treated by one experienced ophthalmologist
(WB. W) over a 10-year period using a unfirm treatment protocol.

CONCLUSION
Treatment of vitreoretinal lymphoma by intravitreal injection of
MTX is currently used by a growing number of scholars who
reported promising results [15, 17, 35–37]. However, the modified
intravitreal injection regimen presented in this study may achieve
complete clinical remission of vitreoretinal lymphoma with fewer
injections. This makes it more acceptable for the patients and
reduces complications of treatment. The accumulating clinical
results brought us to propose the consideration of this protocol as
a good first-line treatment option for intraocular lymphoma.
Further studies were accordingly required to develop long-term
studies based on this modified and effective regimen and indicate
whether the proposed protocol can improve life expectancy.

Summary
What was known before

● Primary central nervous system lymphoma (PCNSL) involving
the ocular has a poor vision and clinical outcome, with a
survival rate of less than 3 months in absence of undergoing
an effective therapeutic strategy. Methotrexate (MTX), as the
most efficient cytotoxic drug for patients with vitreoretinal
involvement in primary intraocular lymphoma (PIOL), through
intravitreal injection of MTX.

What this study adds

● We evaluated the safety and efficacy of a proposed protocol of
intravitreal MTX in the management of PCNSL involving the eye.

● In our experience, the modified intravitreal chemotherapy
with methotrexate was effective in inducing clinical remission
of intraocular tumour in PCNSL with few complications. The
accumulating clinical results brought us to propose the
consideration of this protocol as a good first-line treatment
option for intraocular lymphoma.
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