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Abstract
Background/objectives To evaluate retinal lymphoma treatment at the University of California San Francisco.
Subjects/methods Prospective observational audit. Patients were treated systemically, usually with: methotrexate, temo-
zolomide, and rituximab induction; etoposide consolidation; and maintenance with lenalidomide or another immunomo-
dulatory agent. Persistent disease was treated initially by ocular radiotherapy or intravitreal melphalan and latterly by
vitrectomy.
Results The cohort comprised eight females and two males. The median age was 58 years (range, 38–73). Ocular mani-
festations were initially unilateral in four patients. Vitreous and subretinal infiltrates were initially present in 16 and 12 eyes,
respectively, with three eyes having vision of 20/200 or worse. Four patients had a history of central nervous system (CNS)
lymphoma. The median ophthalmic follow-up was 37 months (range, 8–56). Diagnostic and therapeutic vitrectomy were
performed in 10 and 2 eyes, respectively. All patients had systemic chemotherapy and eight received maintenance
immunotherapy. Four patients underwent ocular radiotherapy, bilaterally in two. One patient received bilateral intravitreal
melphalan injections. Two eyes of four patients developed lymphoma during the study and two patients developed CNS
disease. At study close, subretinal deposits were subtle in nine eyes and more prominent in two, whereas vitreous infiltrates
were minimal in nine eyes, mild in one and moderate in one. The latest visual acuity was significantly worse than at
presentation in two eyes and better in two. All patients were alive with no active CNS disease.
Conclusions Subretinal lymphomatous infiltrates respond to systemic chemotherapy with immunomodulatory maintenance,
but dense vitreous infiltrates require therapeutic vitrectomy.

Introduction

Retinal lymphoma (also termed vitreoretinal lymphoma) is
usually a high-grade, diffuse large B-cell lymphoma, which
usually involves the central nervous system (CNS) [1, 2].

The incidence is increasing [3]. The lymphomatous infil-
trates are: retinal, with vascular sheathing; subretinal (i.e.,
between the retinal pigment epithelium (RPE) and Bruch’s
membrane); and intra-vitreal. Other features include
pseudo-hypopyon, cystoid macular edema, epiretinal
membrane formation, and optic neuropathy.

In the absence of overt CNS lymphoma, it is standard
practice to perform vitreous biopsy to confirm the diagnosis
[1, 4]. Conventionally, treatment consists of ocular radio-
therapy or intravitreal injections of methotrexate, melpha-
lan, or rituximab [5–8]. Treatment of retinal lymphoma
without CNS disease is controversial [4, 9, 10].
Several authors have treated retinal lymphoma systemically
[11–14]. Some studies suggest that systemic therapy for
retinal lymphoma delays CNS disease [15–21]. Other stu-
dies indicate no impact on survival [22–24]. In patients
with CNS and retinal lymphoma, evidence regarding the
impact of ocular treatment on survival is conflicting
[25, 26].
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At University of California, San Francisco (UCSF), ret-
inal lymphoma is treated systemically, reserving focal
ocular therapy for persistent disease. This audit aims to
evaluate our approach.

Patients and methods

Patients were included if they attended our ocular oncology
service between June 2013 and March 2018. They were
excluded if mostly treated elsewhere or before 2012, when
the UCSF electronic medical records system was launched,
or if they presented with terminal illness or near the
study close.

Ocular examination involved visual acuity measurement
with a Snellen or LogMAR chart, tonometry, slit-lamp
examination of the anterior chamber and vitreous, binocular
indirect ophthalmoscopy, color photography, fundus auto-
fluorescence imaging, optical coherence tomography and,
rarely, fluorescein angiography. Vitreous biopsy was per-
formed using the sutureless, three-port, 25- or 27-gauge
Constellation system (Alcon Laboratories, Fort Worth, TX,
USA) first under air infusion, to obtain a large sample of
undiluted vitreous for cytology and flow cytometry before
continuing the vitrectomy with balanced salt solution infu-
sion, to collect specimens for analysis for gene rearrange-
ments and, more recently, infectious agents using
metagenomics deep sequencing [27]. Laser endophotocoa-
gulation, silicone oil injection, gas tamponade, and com-
bined phacoemulsification were not performed.

Patients with confirmed retinal lymphoma were referred
to the haemato-oncology unit for further management.
Investigations included baseline CT of chest, abdomen and
pelvis; magnetic resonance imaging of the brain; bone
marrow biopsy; lumbar puncture; and serology for hepatitis
B and C and the human immunodeficiency virus. Systemic
therapy usually involved: (a) induction with methotrexate,
temozolomide and rituximab; (b) consolidation with eto-
poside and/or cytarabine; and (c) maintenance with an
immunomodulatory agent (i.e., lenalidomide or CC-122).
CNS recurrence was treated with methotrexate. Whole-
brain radiotherapy was administered only as a last resort
with a dose of 36–46 Gy. Focal radiotherapy for ocular or
localized CNS disease consisted of intensity-modulated
radiotherapy or gamma knife radiosurgery, delivering 30.6
Gy or 15 Gy, respectively.

Clinical findings were documented using the UCSF
electronic medical records (APeX, EPIC Systems, Verona,
WI, USA).

The date of retinal lymphoma diagnosis was defined as
the date when we confirmed or diagnosed this disease.
Vitreous infiltration was categorized according to number of
cells per 1 mm beam and/or fundus obscuration on color

photography as: (a) absent (no cells); (b) minimal (1–10
cells); (c) mild (11–30 cells and/or obscuration of retinal
capillaries); (d) moderate (31–100 cells and/or obscuration
of small retinal vessels), and (e) severe (> 100 cells and/or
obscuration of large retinal vessels and/or optic disc).

Subretinal infiltrates were categorized as: (a) absent; (b)
minimal if subtle and flat (‘flecks’); (c) mild if small and
raised (‘drusenoid’); (d) moderate if confluent infiltrates/
small tumors; and (e) severe if large tumors were present
(Fig. 1).

The ocular disease was classified as: (a) purely retinal,
without visible vitreous infiltrates, (b) vitreo-retinal; and (c)
purely vitreal, without discernible retinal infiltrates.

Statistical analysis was performed with SPSS (IBM
Corp., Armonk, NY, USA); and Stata (StataCorp, College
Station, TX, USA). We followed the Tenets of the
Declaration of Helsinki. This being an audit, this study was
exempted by the UCSF Institutional Review Board (IRB#:
17–24094; Ref. #: 207748).

Results

The cohort comprised eight women and two men (Table 1).
The median age at ocular lymphoma diagnosis was 58.6
years (range, 38.4–73.0). Ocular symptoms preceded the
diagnosis of retinal lymphoma by a median of 6.9 months
(range, 0–24.1).

Overt disease was initially bilateral in six patients and
unilateral in four, becoming bilateral in two of these. In the
18 affected eyes, vitreous infiltrates were initially absent
(N= 2), minimal (N= 4), mild (N= 7), moderate (N= 3),
and severe (N= 2), whereas subretinal infiltrates were
absent (N= 6), minimal (N= 2), mild (N= 3), moderate
(N= 5), severe (N= 1), and obscured by vitreous infiltrates
(N= 1). The initial visual acuity in the 18 affected eyes
was: 20/20–20/25 (N= 8); 20/32–20/63 (N= 7); 20/200
(N= 1), because of rhegmatogenous retinal detachment
after vitreous biopsy elsewhere (Case 3); and Count Fingers
(N= 2), because of fibrosed sub-foveal lymphomatous
deposits in Case 4 and dense vitreous infiltrates in Case 7.

Cases 2, 4, 7, and 9 had a history of CNS lymphoma,
diagnosed a median of 14.3 months previously (range,
10.4–30.6) (Table 2). In Case 3, the ocular and CNS lym-
phoma were diagnosed concurrently although this patient
had previously undergone unsuccessful biopsy for vitreous
infiltrates elsewhere.

The median ophthalmic follow-up was 37.0 months
(range, 8.1–56.2). All patients received systemic therapy.
Induction therapy included methotrexate, rituximab and
temozolomide in all patients, except for Case 9 in whom
temozolomide was omitted. Case 2 received CHOP
(cyclophosphamide, doxorubicin, vincristine, prednisolone)
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because of a positive bone marrow biopsy at initial
assessment. All patients except Case 8 received consolida-
tion therapy with etoposide, with additional cytarabine in
Cases 2, 4, 7, and 10. Ten patients received maintenance
therapy, consisting of lenalidomide in nine patients and CC-
122 (an investigational immune modulator) in Case 4. Case
2 underwent whole-brain radiotherapy. Diagnostic vitrect-
omy was performed in 10 eyes and therapeutic vitrectomy
was performed in Cases 3 and 10. Cases 2, 5, 6, and 7
received ocular radiotherapy, bilaterally in Cases 2 and 5.
Case 7 received intravitreal melphalan injections, twice to
the left eye and once to the right eye.

Vitreous opacities persisted despite systemic therapy the
right eye of Case 3 and both eyes of Case 7, resolving with
therapeutic vitrectomy and intra-vitreal melphalan, respec-
tively. The intraocular disease recurred in the right eye in
Case 6 and was treated with radiotherapy. Case 7 developed
recurrent vitreous infiltrates resolving with repeated intra-
vitreal melphalan injections. Case 3 developed rhegmato-
genous retinal detachment before referral to us and Case 6
developed retinal and choroidal detachment after cataract
surgery. Cases 2 and 8 showed lymphomatous vascular
sheathing. Seven eyes of five patients developed epiretinal
membranes, following rhegmatogenous retinal detachment
in Case 3. Case 8 developed bilateral cystoid macular
edema. At their first assessment at our clinic, Cases 2 and 6
had bilateral lens opacities and 4 patients were pseudo-
phakic, unilaterally (Cases 3 and 9) or bilaterally (Cases 5
and 8). Cases 3, 6, and 9 underwent uncomplicated

phacoemulsification with intraocular lens implantation
during the study.

At the study close, vitreous infiltrates were absent (N=
7), minimal (N= 9), mild (N= 1), and moderate (N= 1),
whereas subretinal infiltrates were absent (N= 7), minimal
(N= 10), and mild (N= 1).

The latest visual acuity was: 20/20–20/25 (N= 9 eyes);
20/32–20/63 (N= 6); Count Fingers (N= 2), because of
sub-foveal scars; and No Light Perception (N= 1). Com-
pared with the initial visual acuity, the latest visual acuity
was: improved in two eyes, because of resolution of vitr-
eous infiltrates in Case 7 and healing of a macular hole in
Case 3; and worse in two eyes, because of sub-foveal
scarring in Case 8 and cataract surgery complications in
Case 6 (Fig. 2).

CNS disease developed after the ocular disease in Cases
5 and 10, 12.7 and 4.2 months respectively. Follow-up from
the date of diagnosis of CNS lymphoma to the latest
assessment before the study close had a median of
48.2 months (range, 19.1–55.4). All patients were alive at
the study close, with complete remission of their CNS
disease, although Case 2 had short-term memory loss,
probably caused by whole brain radiotherapy.

Discussion

The main finding of this study is that subretinal lymphoma
deposits responded to systemic induction, consolidation and

Fig. 1 Fundus photographs
showing grading of subretinal
infiltrates: (1) minimal, subtle
flecks; (2) mild, prominent
flecks; (3) moderate, confluent
flecks/small tumors; and (4)
severe, large tumors
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maintenance therapy, which usually included an immune
modulator (i.e., lenalidomide or CC-122). Vitreous infil-
trates were more resistant unless vitrectomy had been per-
formed. All patients were alive at the study close, with
ocular tumor control in all patients, except for one patient.
Preservation of vision to pre-treatment levels was good
except in an eye that developed sub-foveal lymphomatous
deposits and an eye with complications following cataract
surgery. Fundus autofluorescence imaging revealed lesions
that were not readily apparent with color photography, also
allowing differentiation between hyper-autofluorescent
subretinal tumor deposits and hypo-autofluorescent
atrophic RPE scars.

Strengths of this study are the use of therapeutic vitrectomy
and immune modulation with lenalidomide or CC-122. To our
knowledge, this is the first cohort study reporting on these
methods, which have hitherto been mentioned only in rare case
reports. The main weakness of this study is the small number
of patients; however, this limited number enabled in-depth
analysis and reporting that would not otherwise have been
possible. Other weaknesses include subjectivity in the quanti-
fication of vitreous cells by slit-lamp examination and incon-
sistent grading of vitreous opacity because of the use of
different cameras during the study.

Our systemic therapy was based on the hypothesis that
retinal and CNS lymphomas arise from an occult focus in
the bone marrow or elsewhere. Case 8 provides some cir-
cumstantial evidence for such systemic spread, because of a
paucity of subretinal lymphomatous deposits in a zone
supplied by an occluded retinal arteriole [28].

Detailed analysis of systemic drug-induced morbidity is
beyond the scope of this study. Such morbidity is discussed
in a previous article from our center [29]. Although none of
our patients had died by the study close, further clinical
trials are needed to determine whether our approach
prolongs life.

Most of the affected eyes in our series showed regression
of subretinal infiltrates with systemic therapy alone, as has
been reported previously, not only with chemotherapy, but
also with lenalidomide [30]. Fundus autofluorescence ima-
ging indicates that, as happens with vitrelliform dystrophy,
RPE atrophy tended to develop when subretinal tumor
deposits regressed, as observed in Case 8 [28]. In some eyes,
subtle subretinal infiltrates, which we termed “flecks”, per-
sisted, suggesting that the disease was suppressed but not
fully eradicated. This hypothesis is supported by Case 5,
whose retinal and CNS lymphoma recurred after the close of
the study when the lenalidomide was stopped, when she
underwent back surgery (laminectomy).

Vitreous infiltrates were more resistant to systemic
therapy unless the eye had been vitrectomized. We have
therefore started performing therapeutic vitrectomy for
vitreous infiltrates not responding to systemic therapy [31].Ta
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Venkatesh et al. [32] report a case with similar resolution of
vitreous infiltrates after vitrectomy. We also gained the
impression that subretinal infiltrates were less apparent after
vitrectomy. Pakdel et al. [33] report a case with resolution
of subretinal lymphoma deposits after vitrectomy. We
hypothesize that lymphoma cells spread both directly and/or
after proliferating in the vitreous cavity from the retina
through the RPE to the subretinal space, where they are
trapped by Bruch’s membrane. We have seen histology
showing retinoblastoma cells accumulating at Bruch’s
membrane after passing through intact RPE. We also
hypothesise that vitrectomy reduces lymphoma cell pro-
liferation in the vitreous, so that fewer of these cells per-
colate through the RPE and so that they can be cleared from
the subretinal space before tumors form.

In Case 4, early vitrectomy would perhaps have pre-
vented sub-foveal accumulation of lymphoma cells and loss
of central vision. Case 8 also developed macular atrophy
but this was apparently caused by severe cystoid edema.

If lymphoma cell distribution within the eye influences
therapeutic response, this would indicate scope for categorizing
retinal lymphoma into the severity of intravitreal and subretinal
infiltrates, as suggested by Hashida et al. [17]. They found that
the distribution of lymphoma within the eye did not correlate
with CNS disease, which is not surprising as we have seen
patients with predominantly vitreal infiltrates in one eye and
mostly retinal infiltrates in the other.

We avoided intravitreal methotrexate and discontinued
radiotherapy because of reported toxicity with such treatments
[34, 35]. The good visual outcomes following systemic
therapy in our patients support our approach. We treated one
patient with intravitreal melphalan; [8] however, when we
observed recurrent disease, we scheduled the patient for

vitrectomy, which was performed in the left eye after the
study close, with resolution of the vitreous infiltrates.

The female preponderance that occurred in this study has
been noted previously in some but not all studies [2, 17].

Randomized trials are needed to test the following
hypotheses: (1) systemic therapy with immunotherapy pro-
longs life in patients with retinal lymphoma; (2) in patients
with unilateral retinal lymphoma, systemic therapy prevents
disease in the fellow eye; (3) in patients with significant
vitreous lymphomatous infiltrates therapeutic vitrectomy
enhances the effect of systemic therapy; and (4) systemic
therapy with immunotherapy is superior to ocular
radiotherapy or intravitreal chemotherapy in achieving local
control of retinal lymphoma, also causing less ocular
morbidity.

Conclusions

We continue to treat retinal lymphoma systemically, perform-
ing vitrectomy for eyes with dense vitreous infiltrates, admin-
istering ocular therapy only if these fail to achieve local tumor
control. Multi-centre studies are needed to evaluate our
approach. These would require disease categorization accord-
ing to the intraocular distribution of lymphomatous infiltrates.

Summary

What was known before

● Retinal lymphoma causes significant ocular morbidity
and visual loss.

Fig. 2 Initial and final visual
acuity (Blue= left eye; Red=
right eye)
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● Conventional treatment consists of intra-ocular che-
motherapy and/or ocular radiotherapy.

● Survival probability is poor because of fatal CNS
lymphoma.

What this study adds

● Retinal lymphoma can be treated with systemic
chemotherapy and immunomodulation.

● Vitreous lymphomatous infiltrates are more responsive
to systemic therapy if vitrectomy is performed.
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