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Abstract
Background/Aims: Intravitreal rituximab is an off-label treatment option for primary
vitreoretinal lymphoma (PVRL). The objective of this study was to monitor the therapeutic
response and safety profile of intravitreal rituximab in a cohort of PVRL patients. Methods: In
this retrospective, uncontrolled, open label, multicentre study, 20 eyes from 15 consecutive
patients diagnosed with PRVL received at least one intravitreal injection of 1mg in 0.1ml
rituximab. Biodata of the PVRL patients was recorded as well as visual acuity and vitreous
haze score immediately before rituximab intravitreal injection and at follow-up examinations.
Intravitreal rituximab safety data was also recorded. Additional rituximab injections were made
during control visits on a pro re nata (PRN) regime using increased vitreous haze to indicate
recurrence. Results: There was significant vitreous haze reduction (p=0.0002) followed by
significant improvement of visual acuity (mean best visual acuity before therapy 0.57 logMAR,
after therapy 0.20 logMAR (p=0.0228) during the follow-up time up to 4 years. Only mild
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ocular side effects were reported. Median follow-up time was 565 days (range, 7-1253 days).
Conclusion: Intravitreal rituximab therapy shows promising PVRL regression without any
severe side effects. Although our clinical data support rituximab as intravitreal therapy in PVRL
disease, further study is warranted.
© 2021 The Author(s). Published by
Cell Physiol Biochem Press GmbH&Co. KG

Introduction

Primary vitreoretinal lymphoma (PVRL) is a rare malignant lymphoma manifesting in
the eye. Incidence has been estimated at less than 0.5 cases per 100.000 per year [1]. PRVL
occurs in 15 to 25% of primary CNS lymphoma patients [2]. Conversely, 65 to 90% of PVRL
patients develop primary CNS lymphoma (PCNSL). PVRL implicates a considerably reduced
overall survival [3].
To date, according to the international primary central nervous system lymphoma
collaborative group (IPCG), state of the art PVRL treatment is intravitreal chemotherapy in
isolated eye disease or a combination of intravitreal and systemic chemotherapy, the later
mandated when central nervous system involvement is present [1, 4].
Rituximab (RTX) is an anti-CD20 antibody and was approved treatment of choice by
FDA in 1997 for non-Hodgkin’s B-cell lymphoma and subsequently for diffuse large B-cell
lymphoma [5-7]. At present, RTX is used systemically in combination with conventional
chemotherapy in CD20-positive lymphomas and demonstrates better overall survival as well
as better disease-free survival than isolated conventional chemotherapy [8]. Intravitreal
RTX has already demonstrated favourable disease regression in PVRL in small case series
without any severe ocular or systemic side effects, in particular, no corneal or retinal toxicity
[9-11]. However, intravitreal rituximab therapy is still considered an orphan disease offlabel treatment for PVRL.
In order to further establish efficacy and safety of intravitreal rituximab therapy,
the objective of this study was to analyse visual acuity and vitreous haze as a measure
of intraocular tumour burden before and after intravitreal pro re nata (PRN) rituximab
treatment [1]. A secondary objective was to monitor side effects to assess the safety of this
therapy.
Materials and Methods

Study design
This study was performed as a retrospective, uncontrolled, open label analysis. Data from patients
with PVRL who received intravitreal rituximab between 2007 and 2015 were retrospectively analysed.
Ruhr-University ethics committee approval (Register no 15-5557, Bochum, Germany) was obtained for
retrospective analysis. The study was conducted following the tenets of the Helsinki declaration as well as
its later amendments.
Patient biodata
PVRL patient data were collected from 4 centres (5 patients/8 eyes University Hospital Bochum,
5 patients/5 eyes University Hospital Cologne, 4 patients/6 eyes Charité University Hospital Berlin,
1 patient/1 eye University Hospital Würzburg) for a total of 15 patients and 20 eyes included in the study.
PVRL patient characteristics as well as demographic data were recorded including age of diagnosis, gender,
eye laterality, PCNSL manifestation during observational time and HIV status, and are summarized in
Table 1.

RTX treatment procedure in PVRL patients
Intravitreal injection of 1mg RTX in 0.1mL was performed in accordance with the German Ophthalmic
Society guidelines for intravitreal injections. First treatment was conducted following diagnosis of PVRL.
Further treatments were performed at monthly controls depending on vitreous haze status as a measure of
PVRL vitreous burden using the Nussenblatt standardisation of uveitis nomenclature classification [12-14].
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Further RTX injections were made during each control visit based if vitreous haze was not decreased. No
other medication was given during the follow-up unless CNS involvement occurred. Ophthalmic recurrence
was defined by any increased vitreous haze from follow-up timepoint to follow-up timepoint and CNS
recurrence was defined by a haemato-oncologist.
Intravitreal RTX ocular tumour control data recording
Best logMAR visual acuity, vitreous haze measurement by the Nussenblatt uveitis classification scale,
observation time duration and duration without intravitreal therapy were recorded during follow-ups.
Ocular therapy success was based on by best visual acuity and vitreous haze. Five experienced, independent
examiners, who did not treat patients in the study, graded the Nussenblatt vitreous haze uveitis score before
and throughout the study.
Intravitreal RTX safety data recording
Patients’ data files were scanned for ocular recurrence or any ocular adverse effects during scheduled
clinical visits; ocular and systemic side effects and possible complications of therapy were recorded.

Statistical analysis
Statistical analysis was performed for logMAR best visual acuity and vitreous haze score comparing
pre- and post-treatment results. Data is presented as mean ±SD ±SEM unless otherwise stated. Pre- and
post-treatment results were compared by ANOVA followed by Tukey post-hoc testing using Statistical
Software (V10.0, Statsoft, Tulsa, Ok, USA). P-values below 0.05 were considered statistically significant.
Table 1. Biodata: PVRL patients’ parameter. Biodata as well as clinical parameters for intravitreal rituximab
treatment are noted for all 20 eyes from 15 PVRL patients. Eye (RE=right eye; LE=left eye), gender (m=male),
adverse effects (0=not described), ocular side effects (0=not described, 1=elevated intraocular pressure;
2=cataract; 3=retinal detachment), diagnosis (0=unknown, 1=vitreous biopsy, 2=CNS, 3=clinical diagnosis;
4=retinal biopsy), PCNSL (0=no CNS lymphoma, 1=CNS lymphoma), HIV (0=no, 1=yes), vitrectomy before
treatment (0=no vitrectomy before treatment, 1= vitrectomy before treatment), MTX=methotrexate, BCNN/
TT=carnemustine/thiotepa
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PVRL registry implementation
Relevant data was recorded in a nationwide open registry for PVRL (http://www.lymphome.de/
Gruppen/G-PCNSL-SG/Protokolle/index.jsp) supported by the German Federal Ministry of Education and
Research.

Results

Biodata
20 eyes (9 right eyes/11 left eyes) from 15 PVRL patients (6 male/9 female) were
included in this study. Mean age at diagnosis was 72 years (range, 43-80 years). Followup median time was 565 days (range, 7-1253 days). Follow-up median time after last
treatment was 257 days (range, 1-947 days). 7 patients had concurrent PCNSL at the time of
diagnosis. During study follow-up, no additional PCNSL case was detected. PVRL diagnosis
was established by vitreous biopsy in 12 eyes (23g pars plana vitrectomy), by retinal biopsy
in 3 eyes, and by clinical diagnosis in 5 eyes, one of which with PCNSL confirmed by brain
biopsy. HIV simultaneous infection was ruled out by serology testing in all but 3 patients who
declined testing. Complete vitrectomy was performed in 11 eyes before treatment. Previous
systemic therapy for PCNSL was performed in 11 patients before intravitreal RTX treatment.

Intravitreal rituximab ocular lymphoma control data recording
20 eyes were treated with intravitreal rituximab following a PRN regime. An average of
2 injections (range from 1-7) were performed in each treated eye. Macular photographs of
three exemplary patients are shown before starting and after ending intravitreal rituximab
therapy in Fig. 1.
Visual acuity after intravitreal RTX
Mean visual acuity before therapy was 0.57+/- 0.57 logMAR (decimal 0.25 - metric 6/24)
with a SEM +/- 0.13. Mean visual acuity after therapy increased to 0.20+/- 0.41 logMAR
(decimal 0.63 - metric 6/9.5) with a SEM +/- 0.09, statistically significant (p=0.02). Box
plots demonstrate mean values for visual acuity as well as SEM and statistical significance
between before and after treatment in Fig. 2a.

Ocular tumour control after intravitreal RTX
Mean vitreous haze score before therapy was graded as +2 with a standard deviation of
+/- 0.85 (SEM +/- 0.19). Mean vitreous haze score after therapy decreased to grade 0 with a
standard deviation of +/- 0.88 (SEM +/- 0.20), statistically significant (p=0.0002). Box plots
demonstrate mean values for vitreous haze score as well as SEM and statistical significance
throughout the study in Fig. 2b.
Fig. 1. Example of fundus series before/after rituximab. All 3 patients
with lymphoma cells (a,b,c) received up to 7 intravitreal rituximab injections and had reduced
vitreous haze scores afterwards
(d,e,f).

Fig.1 Example of fundus series before/after rituximab

All 3 patients with lymphoma cells (a,b,c) received up to 7 intravitreal rituximab
injections and had reduced vitreous haze scores afterwards (d,e,f).
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Fig.2 a) Boxplot of logMAR visual acuity before
treatment and after treatment, b) Boxplot of vitreous haze score before treatment and after treatment. a) Mean visual acuity before therapy was
logMAR 0.57 logMAR with a standard deviation
of +/- 0.57 (SEM +/- 0.13). Mean visual acuity after therapy increased to 0.20 logMAR, significant
(p=0.02). b) Mean vitreous haze score before therapy was graded +2 with a standard deviation of
+/- 0.85 (SEM +/- 0.19). Mean vitreous haze score
after therapy decreased to grade 0 with a standard
deviation of +/- 0.88 (SEM +/- 0.20), significant
(p=0.0002).

5

Fig.2 a) Boxplot of logMAR visual acuity before treatment and after treatment b)
Boxplot of vitreous haze score before treatment and after treatment

a) Mean visual acuity before therapy was logMAR 0.57 logMAR with a standard
deviation of +/- 0.57 (SEM +/- 0.13). Mean visual acuity after therapy increased to 0.20
logMAR, significant (p=0.02).
Intravitreal rituximab safety data recording
b) Mean vitreous haze score before therapy was graded +2 with a standard deviation
of +/0.85 (SEM +/- intraocular
0.19). Mean vitreous
haze score
after therapy
In one patient, both treated eyes developed
temporary
pressure
increase
as decreased to grade
0 with a standard deviation of +/- 0.88 (SEM +/- 0.20), significant (p=0.0002).

well as a tumour related exudative retinal detachment with intraocular bleeding. No further
treatment was needed because both the increased intraocular pressure and exudative retinal
detachment with intraocular bleeding resolved spontaneously. The same eyes developed
cataract which did not require surgery during follow-up. One additional patient developed
self-limiting tumour-related exudative retinal detachment and one patient developed
bilateral cataract not requiring surgery during the follow-up. No other ocular or systemic
adverse effect was reported.
Discussion

In our retrospective study, intravitreal RTX treatment produced impressive intraocular
lymphoma cell reduction in PVRL patients. No other intravitreal or systemic was given
during the treatment period. Vitreous haze score was reduced significantly and best visual
acuity was increased significantly after treatment. Based on our data, we conclude that
RTX is effective and well tolerated as intravitreal PVRL treatment with a low rate of side
effects. Temporary increased intraocular pressure as well as a tumour related exudative
retinal detachment with intraocular bleeding was seen in both eyes of one patient; one
patient developed self-limiting tumour related exudative retinal detachment and one patient
developed bilateral cataract not requiring surgery during the follow-up. No other ocular or
systemic adverse effect was reported.
Previously, PVRL treatments included systemic chemotherapy, beam radiation or
intravitreal methotrexate [1, 15-17]. Systemic therapy is usually associated with severe side
effects. Beam radiation leads to radiation retinopathy. Intravitreal methotrexate may cause
irreversible corneal and retinal toxic effects [1, 12]. Therefore, interest in targeted intravitreal
treatment that could avoid these complications is high. The first intravitreal application of
RTX in the treatment of PVRL was reported by Kitzmann et al. in 2007 followed by Ohguro et
al. in 2008 [9, 18]. Kitzmann treated with intravitreal RTX 8 eyes from 5 PVRL patients with
up to 4 intravitreal injections and reported successful reduction of measured parameters,
particularly improvement of vitreous haze and visual acuity, without any side effects.
Ohguro treated 3 eyes from 2 patients which developed PVRL recurrence after intravitreal
methotrexate with up to 2 intravitreal RTX injections/eye. A gross reduction of vitreous
haze score occurred in all eyes, but visual acuity results were not reported. In a subsequent
multicentre retrospective study, Larkin et al. reported 48 eyes from 34 PVRL patients of whom
37 patients were treated with RTX only and 11 with a combination of RTX and methotrexate
[11]. Treatment regime differed from centre to centre between strict injection regime or PRN
regime. The most common treatment interval was monthly with a median of 4 injections.
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Remission occurred in 65% of eyes with increased visual acuity after treatment but ocular
side effects included cataract (19%), elevated intraocular pressure (4%), granulomatous
anterior uveitis (2%), vitreous haemorrhage (2%), and rhegmatogenous retinal detachment
(2%). Hashida et al. reported promising results in a one-year-study of 20 PVRL eyes from
13 women previously treated with intravitreal methotrexate which was stopped because
of corneal epitheliopathy [10]. Visual acuity was not reported. All these studies reported no
permanent ocular or systemic side effects from RTX.
In contrast to these studies, we measured vitreous haze score in a standardized manner
and also performed statistical analysis for visual acuity and vitreous haze score. In our study,
intraocular pressure increase, tumour related retinal detachment and cataract was seen
in some patients. Temporary intraocular pressure increase has been seen in patients with
intravitreal injection for other diseases like age-related macular degeneration and diabetic
macular oedema, probably related to the intravitreal injection procedure and rather to RTX
itself. Tumour related retinal detachment but not rhegmatogenous retinal detachment is an
occasional feature of PVRL [1].
Our study has limitations. Our analysis was performed retrospectively and the number
of PVRL patients investigated was low because of the relative rarity of this disease [1, 1214]. The vitreous haze score used to measure the PVRL status is a useful but relatively crude
clinical measure of intraocular lymphoma activity. Evaluation of interleukin 10/6 ratio in the
aqueous humour or microRNA 92, 19b and 21 in the vitreous space might be more accurate
for monitoring PVRL therapy in the future [1, 10, 19, 20].
Conclusion

There is still no gold standard treatment for PVRL. This pilot study demonstrates a
statistically significant reduction of vitreous haze score and improvement of visual acuity
following PRN treatment with intravitreal RTX. Our results support intravitreal RTX
treatment in patients with PVRL as sole treatment. Further testing in larger cohorts is needed
to better establish treatment criteria. Discovery of biomarkers for therapy monitoring also
might improve the validation of PVRL tumour control.
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