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ABSTRACT

Purpose: To investigate the role of combined systemic and local chemotherapy in improving the survival
of patients with vitreoretinal lymphoma (VRL).

Methods: Patients with VRL consecutively seen from 2006 to 2020 were retrospectively reviewed; data on
the presence and time of central nervous system (CNS) involvement and treatment regimen (systemic,
local or combined chemotherapy) were collected. Overall survival (OS) and progression-free survival (PFS)
were calculated for each group.

Results: Forty-three eyes of 22 subjects with histology-proven VRL were included. Mean time of survival
was 64.8 months (SE£10.8). Twelve patients (57%) presented CNS involvement, which was significantly
associated with progression (r = 0.48, P =.03) and death (r = 0.56, P = .009). The isolated primary VRL group
had a 5-year OS of 80%. Combined systemic and local chemotherapy reduced the risk of death by 82%
(hazard ratio 0.18[0.04- 0.85]) in the entire cohort.

Conclusion: Combined systemic and local chemotherapy significantly improved OS but not PFS of
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patients affected by VRL.

Vitreoretinal lymphoma (VRL), a malignant intraocular
tumour that may be misdiagnosed as an inflammatory condi-
tion of the eye, is the most common uveitis masquerade
syndrome." Most cases of this rare tumour are an aggressive
form of diffuse large B-cell lymphoma.” VRL is a subgroup of
primary central nervous system lymphoma (PCNSL), which
primarily affects the retina with or without involving the vitr-
eous or the optic nerve.” It can present as an isolated entity or
develop before, after or concurrently with central nervous
system (CNS) lymphoma. In PCNSL cohorts, mean rates of
concomitant VRL at diagnosis or at any time during the course
of disease are 10% and 16%, respectively. Rates of CNS invol-
vement with VRL at diagnosis or over the course of disease are
41% and 69%, respectively. It is still not clear why some forms
affect the eye first and others the CNS first.

A definitive diagnosis of VRL is not only essential to visual
prognosis; it is essential, above all, to the patient’s life. Indeed, the
survival of patients with VRL remains consistently poor, even with
treatment, due to diagnostic delay and to the lack of a defined
therapeutic strategy. CNS involvement decreases survival.” Few

studies correlate the prognosis of patients with the onset of
CNS involvement prior, concomitantly or subsequent to VRL
diagnosis.””® Other clinical factors predictive of a worse prognosis
in patients with VRL have been investigated, and it has been
shown that the presence of sub-retinal pigment epithelium (sub-
RPE) infiltration can determine shorter survival.’

Although the current treatment approach of local che-
motherapy, frequently combined with systemic chemotherapy,
distinguishes between the presence and absence of CNS invol-
vement, this is not standardized. In cases with only one affected
eye and without CNS involvement, local treatment (i.e. intra-
vitreal methotrexate, intravitreal rituximab) or low-dose
stereotactic external beam radiotherapy (30-35 Gy) to the eye
is recommended; in cases of bilateral involvement without
CNS involvement, there is still a preference toward local che-
motherapy, but systemic treatment should not be excluded. In
cases with CNS involvement, high-dose systemic chemother-
apy is recommended in combination with local therapy, given
the limited penetration of systemic agents into the vitreous
cavity; whole brain radiotherapy in conjunction with ocular
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radiotherapy should be considered in those cases with CNS
that have failed systemic therapy.'®

However, the ideal treatment approach to histology-proven
VRL is controversial because of the lack of large comparative
clinical trials; treatment thus depends on the preference of each
clinical centre. In particular, whether to perform systemic
chemotherapy even in the absence of CNS involvement is still
under discussion."’

The aim of our study was to evaluate survival of patients
affected by VRL, with or without CNS involvement, in correla-
tion with systemic and local chemotherapy, alone or in
combination.

Material and methods

This retrospective study included consecutive patients with
histologically confirmed VRL who were diagnosed between
January 2006 and October 2020 at the Ocular Immunology
Unit, Azienda USL-IRCCS di Reggio Emilia, Italy. The initial 7
patients have been previously reported; their outcomes after
December 2014 were further examined.'?

Patients were referred to us for suspected uveitis. Presenting
symptoms included floaters and painless loss of vision. The
main signs were vitreous cellular infiltration, with cells orga-
nized into sheets or clumps, and multifocal creamy/white
lesions in the outer retina. Other signs that made us suspect
VRL included retinal lesions with “leopard-skin” appearance
and retinal pigment epithelium atrophy. In summary, severe
vitreous infiltration with characteristic retinal lesions was the
most frequent presentation.

Diagnostic pars plana vitrectomy (PPV) under air was per-
formed in patients with presumed VRL."> Before PPV we had
excluded other causes of uveitis, with a workup including full
blood count, protein electrophoresis, ACE, lysozyme, syphilis,
HIV, hepatitis B and C serology, QuantiFERON TB Gold,
Borrelia and Bartonella screening and chest computed tomogra-
phy (CT). An undiluted vitreous sample was collected and imme-
diately centrifuged. The supernatant was collected and used for
the analysis of interleukin (IL)-6 and IL-10 levels (pg/ml) by
cytometric bead array assay to differentiate between inflammatory
and neoplastic diseases."* Cell pellets were used for cytology. Cells
were placed on the coated slides and prepared for Giemsa stain.
An expert pathologist examined the slides. Polymerase chain
reaction (PCR) amplification was used to detect monoclonality
of the malignant B-cells and specifically, the rearrangements of the
immunoglobulin heavy chain (IgH) gene.'> MYD88 L265P muta-
tions, tested in our cohort of patients with suspected VRL since
2018, have been shown to be helpful in diagnosing this tumour.'®
However, VRL was diagnosed with cyto-histopathology, the cur-
rent gold standard for diagnosing VRL. The analysis was con-
ducted until January 2013 at the Laboratory of Immunology of the
National Eye Institute, National Institutes of Health (Bethesda,
Maryland, USA), then at the Biological Haematology Department,
Medical Biology and Pathology, University Hospital Pitié-
Salpétrieére-Charles Foix (Paris, France).

All patients underwent a brain MRI and CSF analysis as part
of the workup in agreement with the haematologists.

The study was conducted in accordance with the principles
of the Declaration of Helsinki and received approval by the

local ethics committee (protocol n. 112655/2018 Comitato
Etico dell’Area Vasta Emilia Nord, Italy). Informed consent
was obtained from all subjects included in the study.

VRL and CNS involvement

We retrospectively divided the subjects with VRL into three
diagnosis groups: 1) patients without CNS involvement (iso-
lated primary VRL), 2) patients with primary VRL who later
developed CNS lymphoma (primary VRL with subsequent
CNS involvement) and 3) patients concurrently diagnosed
with VRL and CNS lymphoma at the initial presentation or
patients who developed VRL from known primary CNS lym-
phoma (concurrent/secondary VRL). Given the low number of
subjects in these last two subgroups, they were merged to form
the third group.

Treatment regimen

The subjects underwent different chemotherapy regimens: one
group of patients underwent combined systemic and local
chemotherapy, while the other, smaller group underwent
only ocular or systemic chemotherapy. Systemic chemotherapy
consisted of 4 cycles of MATRIx (methotrexate, cytarabine,
thiotepa and rituximab), followed (or not) by peripheral
blood stem cell transplantation, according to the therapeutic
algorithm applied by the haematologists of our centre.
Systemic chemotherapy was required if CNS involvement was
present. Intraocular chemotherapy involved intravitreal injec-
tions of methotrexate at a dose of 400 pg (in 0.1 ml) according
to the following scheme: 2 injections per week for 1 month,
then 1 per week for 2 months, then 1 per month for
9 months."”” However, this schedule is not always respected
due to severe temporary pancytopenia resulting from conco-
mitant systemic chemotherapy.

All patients underwent complete ophthalmological evalua-
tion before and after treatment, including measurement of the
best-corrected visual acuity (BCVA), biomicroscopic and fundus
examination and optical coherence tomography (OCT) scan.
We recorded vitreous haze, retinal and sub-RPE infiltrations.

Remission was determined by ocular and CNS remission.
Ocular remission was based on the following: absence of cells
in the vitreous and resolution of any previously documented
retinal or sub-RPE infiltrations.'® CNS remission was defined
as the complete disappearance of all enhancing abnormalities
on gadolinium-enhanced MRIL."

Prognosis

Overall survival (OS) was measured from the date of confirma-
tion of diagnosis by first positive cytological exam to the date of
last follow up or death. In cases of secondary VRL, the first
diagnostic exam was brain biopsy. Progression-free survival
(PFS) was measured from the date of treatment start to the
date of documented lymphoma relapse in any location. Relapse
was defined as the reappearance of lymphoma cells in the
vitreous cavity or in the retina or as CNS lymphoma lesions
in patients with a previously documented remission.'®>°



Statistical analyses

Quantitative data are presented as mean (+ standard deviation
[SD]) or median (interquartile range [IQR]), as appropriate,
and qualitative data as absolute numbers and percentages.
Shapiro-Wilk test was used to assess the normal distribution
of quantitative variables. Spearman’ correlation test was per-
formed to assess correlation among the variables. Receiver
operating characteristic (ROC) curve was used to identify
a cut-off value for the number of intravitreal injections and
IL-6 associated with survival.

OS and PFS were estimated by the Kaplan-Meier method.
Group comparisons were carried out using the log-rank test.
Cox proportional hazards regression model was used for multi-
variate analysis.

All statistical tests were 2-tailed, and statistical significance
was defined by a P value of < 0.05. Statistical analyses were
performed using SPSS v.26 for Windows (IBM Statistics).

Results

Forty-five patients underwent diagnostic PPV for presumed
VRL; of these, 22 patients (49%), with a mean age at diagnosis
of 64 £ 12 years (12 females, 54.5%), were diagnosed with
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diffuse large B-cell lymphoma. Both eyes were affected by
VRL in 21 patients, whereas only the left eye was involved in
1 patient, for a total of 43 eyes included in the study. One
patient was lost to follow up.

The median follow-up period was 22 months (interquartile
range, IQR 9-58) and the median diagnostic delay was
8 months (IQR 2-24). The clinical and demographic charac-
teristics are listed in Table 1.

Twelve of the 21 (57%) patients with VRL presented CNS
lymphoma: 6 were secondary or concurrent VRL and had in
a median follow up of 12.5 months (IQR 4.75-48.75); the other
6 were primary VRL, with subsequent CNS involvement after
a median time of 4 months (IQR -1; 20). In contrast, 9 patients
did not develop CNS lymphoma during a median follow up of
22 months (IQR 8-58) and constituted the group of isolated
primary VRL (Table 2). Six of the 15 (40%) patients with
primary VRL developed CNS lymphoma.

Mean OS after the diagnosis of VRL in the entire cohort was
64.8 months (SE +10.8; median time: 38 months). OS at
12 months was 85% for all cases, while the 5-year OS rate
decreased to 49%.

CNS involvement was significantly associated with progres-
sion (r = 0.48, P = .03) and with death (r = 0.56, P = .009).
5-year OS was 80% in the isolated primary VRL group,

Table 1. Descriptive table of clinical and demographic characteristics. Data are presented as mean values + SD or median

(IQR) and n (%).

N = 22 subjects, n = 43 eyes Mean + SD/ Median (IQR) N (%)
Age at diagnosis, yrs 64 + 12
65(55-72)

Diagnostic delay, months 8(2-24)

Sex F 12(54.5)
M 10(45.5)

Bilateral involvement No 1(4.5)
Yes 21(95.5)

Vitreous infiltration RE before therapy No 4(18.2)
Yes 18(81.8)

Vitreous infiltration LE before therapy No 3(13.6)
Yes 19(86.4)

Sub-RPE deposits in RE before therapy Missing 3(13.6)
No 8(36.4)
Yes 11(50)

Sub-RPE deposits in LE before therapy Missing 3(13.6)
No 9(40.9)
Yes 10(45.5)

Steroids before therapy Missing 1(4.5)
No 8(36.4)
Yes 13(59.1)

IL-10, pg/ml 721(289-5912)

IL-6, pg/ml 89(58-372)

MYD88 8(36.4)

IgH 15(68.2)

Follow-up, months 22.0(9.0-58.0)

BCVA, logMAR before treatment RE/LE 0.85(0.20-1.42) /0.30(0.16-1.08)

BCVA, logMAR after treatment RE/LE 0.40(0.10-2.80) /0.30(0.07-0.52)

IVT methotrexate 19(86.4)

Systemic chemotherapy 16(72.7)

Combined chemotherapy 15(68.2)

Delay time of first IVT, weeks 3(2-4)

Injections of methotrexate 22+10

Overall survival 12(54.5)

Period of therapy, months 5.0(3.0-7.0)

Remission after treatment 12(60)

Time for remission, months 7(5-10)

Recurrences 8(36.4)

Time to first relapse/progression, months

19.5(10.8-37.5)
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Table 2. Diagnostic delay, follow-up and 5-year overall survival according to CNS involvement.

VRL * CNS involvement
(n° patients)

Diagnostic delay (months)
Median (IQR)

Follow-up (months)

Median (IQR) 5-year Overall Survival (%)

Isolated primary VRL (9)
Primary VRL with subsequent CNS involvement (6)
Secondary or concurrent VRL (6)

4.5 (1.0-17.0)
22.5 (6.5-40.0)
5.0 (1.8-14.0)

22.0 (8.0-58.0)
41.0 (17.5-73.2)
12.5 (4.8-48.8)

80.0
50.0
16.7

1,0 et t—t
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Figure 1. Comparison of overall survival (OS) curves of patients with isolated primary VRL (none), concurrent/secondary VRL (previous) and primary VRL with subsequent

CNS involvement (subsequent).

compared with 50% in primary VRL with subsequent CNS
involvement and 16.7% in concurrent/secondary VRL
(p = .03, Table 2, Figure 1). Median diagnostic delay did not
differ between the three groups (P = .11).

PFS was higher in patients without CNS involvement
(69.0 + 8.9 vs 41.3 + 10.2 months), but the difference was not
statistically significant (P = .07). Instead, there was a consider-
able reduction in PFS for the group with primary VRL with
subsequent CNS involvement in comparison with primary
VRL and concurrent/secondary VRL (P = .03, Figure 2).

Age at diagnosis was negatively correlated with CNS invol-
vement (r = —0.48, P = .02); a lower age at diagnosis, therefore,
correlates with a higher risk of progression in CNS lymphoma.

Of the 21 subjects with collected interleukin values, 18
(86%) presented an IL-10:IL-6 ratio of >1. An IL-6 value higher
than 155 pg/ml was significantly associated with death
(AUC = 0.77 £ 0.12). This result was confirmed in a decreased
OS (Figure 3), 79% vs 14% (p = .003). This effect was even more
marked in the presence of CNS involvement; of the 11 subjects
with CNS involvement and collected interleukin values, 5/5
subjects (100%) with IL-6 values greater than 155 pg/ml died,
compared to the 2/6 subjects (33%) with IL-6 values lower than
155 pg/ml (P = .009).

About half of the patients (50% right eye and 45.5% left eye)
presented sub-RPE infiltrations detected on fundus and OCT

examination. There were no differences in terms of OS and PES
based on the presence of this feature.

Twenty VRL patients were treated; one patient had died
before starting treatment. Systemic chemotherapy was per-
formed in 16 patients and intraocular chemotherapy in 19
patients; no significant adverse effect was recorded with either.
All patients who underwent intravitreal injections of metho-
trexate responded to the aforementioned scheme of intraocular
chemotherapy; we did not therefore have to use other intrao-
cular chemotherapies, such as intravitreal rituximab. Fifteen
patients underwent combined chemotherapy, 7 of whom pre-
sented with isolated primary VRL.

In summary, of the 22 patients considered in the study, one
patient was lost to follow up and one died before starting
treatment. Fifteen patients underwent combined chemother-
apy, four patients had only intraocular chemotherapy and one
patient had only systemic chemotherapy.

Five-year OS significantly improved in the presence of sys-
temic chemotherapy (64% vs 0%, P = .041), and the combina-
tion of intravitreal and systemic chemotherapy increased
5-year OS even more significantly compared to local or sys-
temic chemotherapy alone (68% vs 0%, P = .02, Figure 4). This
was confirmed by the Cox regression multivariate analysis,
which included age at diagnosis, CNS involvement and com-
bined local and systemic chemotherapy. Combining local and
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Figure 3. Comparison of overall survival curves of patients depending on IL-6 cut-off value (155 pg/ml).

systemic chemotherapy reduced the risk of death by 82%
(HR = 0.18, 95% CI [0.03-0.96]). In particular, in the group
of isolated primary VRL treated with combined chemotherapy,
all patients (7 subjects) were alive at the last follow up.
Combined chemotherapy did not extend PFS compared to
systemic or local chemotherapy alone (P = .601, Figure 5).
Remission occurred in 12/20 (60%) subjects after treatment,
with a median time of 7 months (IQR 5-10). Of these 12

patients, 8 were isolated primary VRL, 3 were primary VRL
with subsequent CNS involvement and 1 was concurrent VRL.

We tried to identify a minimum number of intravitreal
injections to ensure better OS and fewer relapses. More than
25 injections improved OS, but the difference was not statisti-
cally significant (p = .398).

Recurrences were managed effectively with additional intra-
vitreal injections of methotrexate.
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Figure 4. Comparison of overall survival curves of patients treated with combined intravitreal/systemic therapy vs intravitreal or systemic alone.
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Figure 5. Comparison of progression-free survival curves of patients treated with combined intravitreal/systemic therapy vs intravitreal or systemic alone.

Discussion

The prognosis of patients with VRL remains poor, even with
treatment. Due to the rarity and the different expressions of the
tumour, there are no consistent reports available regarding survi-
val in VRL: mortality rates vary from 9% to 81%, with follow up
ranging from 12 to 35 months.*" A timely and accurate diagnosis
of VRL is difficult because the tumour mimics an inflammatory
condition; patients are in fact referred to our Ocular Immunology
Unit for suspected uveitis. Instead, we histologically confirmed
VRL in 49% of presumed cases. In our study, we evaluated the

survival of patients diagnosed with VRL in relation to CNS invol-
vement and to the type of chemotherapy regimen.

CNS lymphoma was present in 57% of the patients in our
cohort, with a median follow up of 22 months, while only 40%
of subjects with initial VRL eventually developed CNS lym-
phoma. This low CNS involvement rate could be related to
a shorter diagnostic delay compared to what has been reported
in the literature.* Isolated primary VRL shows the best prog-
nosis in terms of survival compared to VRL associated with
CNS involvement; the latter is therefore confirmed to be
a negative prognostic factor in patients with VRL.> In



particular, OS shows a worse trend in the presence of concur-
rent/secondary VRL compared to primary VRL with subse-
quent CNS lymphoma.

Our study found that older patients at diagnosis (> 70 years)
had less CNS involvement; they therefore usually presented an
isolated primary VRL. We speculate that younger patients (<
70 years) could present more genetic aberrations, such as
CD79B, increasing malignancy and CNS spread.” Studies are
required to confirm this hypothesis.

Interleukin analysis represents a useful additional test to
support the diagnosis of VRL."* IL-6 is a pro-inflammatory
cytokine elevated in several immune-mediated diseases such as
rheumatoid arthritis and uveitis.*>">* IL-10 is mainly an anti-
inflammatory cytokine able to promote B-cell lymphoma
proliferation.”® Nearly 90% of our cohort had an IL-10:IL-6
ratio of >1, in line with the literature.”” In our study, we were
surprised to find that levels of IL-6 greater than 155 pg/ml
could represent a negative prognostic factor for the survival of
patients with VRL, in particular with CNS involvement.
Elevated levels of IL-6 have been associated with worse prog-
nosis in diffuse large B-cell lymphoma.*® The role of chronic,
smouldering and subclinical inflammation in carcinogenesis is
widely described in the literature.”*~>' The invasive capacity of
malignant cells can increase in the presence of inflammatory
cytokines such as TNF-a, IL-1B and IL-6.*> Therefore, high
levels of IL-6 could accelerate tumour replication and CNS
spread in patients with VRL, increasing mortality. Further
studies are required to confirm this association.

Dalvin et al. state that VRL with sub-RPE infiltrations could
decrease mean survival time and configure a more aggressive
subtype. So far, no other studies have found this correlation.’
In our study we did not confirm this finding, as OS and PFS
were not statistically different between the groups with and
without sub-RPE infiltrations.

No VRL treatment guidelines have yet been developed. VRL
mortality is strongly related to CNS extension.” Hence, reducing
the diagnostic delay and immediately prescribing aggressive treat-
ment are the mainstay in avoiding CNS involvement and in
achieving better prognosis. However, part of the published litera-
ture claims that VRL without CNS involvement should only be
treated with ocular chemotherapy because systemic chemother-
apy does not prevent CNS involvement nor prolong the time to
CNS lymphoma, nor does it increase the OS of these patients.'"*?
Furthermore, systemic chemotherapy is associated with more
severe adverse effects compared to local treatments."" In our
cohort of patients, we did not find any significant adverse effect
related to any chemotherapy. Other studies provide partial sup-
port for the combination of intraocular and systemic chemother-
apy. Klimova et al. state that combined therapy with intravitreal
methotrexate extended PFS but not 0S.>* Castellino et al. found
that primary VRL patients should undergo combined systemic
and intraocular chemotherapy to prevent CNS progression, but
this approach did not significantly increase 0S.* Hashida et al.
concluded that while prophylactic systemic chemotherapy did not
inhibit the onset of CNS involvement in most of the patients with
primary VRL, it significantly prolonged the time to cerebral
involvement.”® Our study found very improved OS in patients
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Table 3. 5-year overall survival in patients with isolated primary VRL. * No
difference between isolated primary VRL and primary VRL with CNS involvement.

N° patients with 5-year Overall

Study isolated primary VRL Survival
Riemens A et al."’ 50 68%
Ahmed AH et al. 3 47 * 41.4%
Klimova A et al.3* 10 71%
Ma WL et al.>’ 13 68.8%
Castellino A et al® 33 % 60%
Kim MM et al.®® 13 50%

who underwent combined systemic and local chemotherapy com-
pared to those who underwent either of the chemotherapy regi-
mens alone. In particular, we noted a very high OS (80%) in the
group of isolated primary VRL compared to other studies (Table
3) 811343638 Most of this group was treated with combined
chemotherapy because we rely on the assumption that the patients
have already developed subclinical lymphoma in the CNS, which
cannot as yet be substantiated by magnetic resonance imaging or
cerebrospinal fluid examination. The importance of systemic
chemotherapy for isolated primary VRL in terms of high dose of
Methotrexate is highlighted in some papers in which systemic
chemotherapy is compared to radiotherapy and intraocular
chemotherapy.”*' High-dose systemic MTX while avoiding the
possible ocular toxicities from orbital radiation has moved the
trend toward systemic chemotherapy as the initial definitive treat-
ment, although the optimal treatment is yet to be determined.*
Our results demonstrate that 4 cycles of MATRIx, followed (or
not) by peripheral blood stem cell transplantation and together
with intravitreal injections of methotrexate, are effective in
improving OS of patients with isolated primary VRL. The reason
for the effectiveness of this combined approach is to be found in
the main pathogenic hypothesis of VRL: lymphoma cells originate
in the bone marrow and subsequently migrate into the eye by
selective and specific adhesion molecules that facilitate homing to
intraocular compartments (retina, vitreous and optic nerve).'®*
The ultimate goal of treatment is not only to eradicate the intrao-
cular tumour cells, which could cause recurrence or CNS exten-
sion, but also to suppress bone marrow production of pathological
cells, thereby eliminating the potential reservoir of untreated
disease.**** Local chemotherapy cannot eliminate systemic
tumour cells. On the other hand, systemic chemotherapy does
not adequately penetrate the vitreous cavity.'® Therefore, only
a combined approach can destroy any neoplastic clone.

Combined chemotherapy improved OS in our cohort, but it
did not extend PFS compared to systemic or local chemother-
apy alone. However, despite our patients’ having a high recur-
rence rate, it was mainly due to ocular relapses without
documented progression to CNS; OS did not, therefore,
decrease.

This study has certain limitations. First, this was a retrospective
analysis, which limited the consistency of the data. Second, the
small sample size decreased the power of our statistical analysis.
Third, this was a single-centre study. Fourth, the treatment groups
were not homogeneous. Further prospective multicentre studies
considering randomized groups of treatment (systemic che-
motherapy alone, intraocular chemotherapy alone, combined che-
motherapy) are needed to confirm our results.
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