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IMPORTANCE The best treatment option for primary vitreoretinal lymphoma (PVRL) without

Supplemental content at
jamaophthalmology.com

signs of central nervous system lymphoma (CNSL) involvement determined on magnetic
resonance imaging or in cerebrospinal fluid is unknown.
OBJECTIVE To evaluate the outcomes of treatment regimens used for PVRL in the prevention
of subsequent CNSL.
DESIGN, SETTING, AND PARTICIPANTS A retrospective cohort study was conducted at 17
referral ophthalmologic centers in Europe. We reviewed clinical, laboratory, and imaging data
on 78 patients with PVRL who did not have CNSL on presentation between January 1, 1991,
and December 31, 2012, with a focus on the incidence of CNS manifestations during the
follow-up period.
INTERVENTIONS The term extensive treatment was used for various combinations of systemic

and intrathecal chemotherapy, whole-brain radiotherapy, and peripheral blood stem cell
transplantation. Therapy to prevent CNSL included ocular radiotherapy and/or ocular
chemotherapy (group A, 31 patients), extensive systemic treatment (group B, 21 patients),
and a combination of ocular and extensive treatment (group C, 23 patients); 3 patients did
not receive treatment. A total of 40 patients received systemic chemotherapy.
MAIN OUTCOMES AND MEASURES Development of CNSL following the diagnosis of PVRL
relative to the use or nonuse of systemic chemotherapy and other treatment regimens.
RESULTS Overall, CNSL developed in 28 of 78 patients (36%) at a median follow-up of 49
months. Specifically, CNSL developed in 10 of 31 (32%) in group A, 9 of 21 (43%) in group B,
and 9 of 23 (39%) in group C. The 5-year cumulative survival rate was lower in patients with
CNSL (35% [95% CI, 50% to 86%]) than in patients without CNSL (68% [95% CI, 19% to
51%]; P = .003) and was similar among all treatment groups (P = .10). Adverse systemic
effects occurred in 9 of 40 (23%) patients receiving systemic chemotherapy; the most
common of these effects was acute renal failure.
CONCLUSIONS AND RELEVANCE In the present series of patients with isolated PVRL, the use
of systemic chemotherapy was not proven to prevent CNSL and was associated with more
severe adverse effects compared with local treatment.

Author Affiliations: Author
affiliations are listed at the end of this
article.

JAMA Ophthalmol. doi:10.1001/jamaophthalmol.2014.4755
Published online November 20, 2014.

Corresponding Author: Anjo
Riemens, MD, PhD, Department of
Ophthalmology, University Medical
Centre Utrecht, PO Box 85500, 3508
GA Utrecht, the Netherlands
(j.a.riemens@umcutrecht.nl).

E1

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://archopht.jamanetwork.com/ by a University of Lausanne User on 12/04/2014

Research Original Investigation

Treatment Strategies in Vitreoretinal Lymphoma

O

pinions are divided on how to treat primary intraocular lymphoma in the absence of central nervous system lymphoma (CNSL). Primary intraocular lymphoma is an uncommon cancer, manifesting first in the retina
and/or vitreous in 1 or both eyes and is classified as primary
vitreoretinal lymphoma (PVRL).1,2 Primary vitreoretinal lymphoma presents predominantly as diffuse, large B-cell lymphoma (DLBCL) and has a high association with CNS manifestations and occasionally with testicular manifestations.3-6
Central nervous system lymphoma has been reported1 to develop in approximately 65% to 90% of patients with PVRL and
determines the survival of the PVRL-affected patients. The median overall survival of patients with PVRL is reported7 to be
58 months.
The best therapeutic approach for patients with isolated
PVRL without documented CNS manifestations has not
achieved consensus, particularly because of a paucity of
outcome data. There are 2 distinct approaches to therapy for
patients with isolated PVRL. The first approach consists of
aggressive treatment regimens, such as those used for
CNSL, including high-dose methotrexate-based chemotherapy with or without intrathecal treatment and/or whole
brain radiotherapy.8-13 This treatment is aimed at both local
control of PVRL and prevention of subsequent CNSL manifestations. The second approach consists of local ocular
treatments. Systemic treatment, such as that used for CNSL,
with intravenous and sometimes intrathecal chemotherapy
may be associated with severe systemic adverse effects;
local ocular treatment, such as ocular radiotherapy and
intravitreal chemotherapy with methotrexate and/or rituximab, lacks systemic adverse effects. The aggressive first
approach to treatment is based on the presumption that the
patients already have developed subclinical lymphoma in
the CNS, which cannot as yet be substantiated by magnetic
resonance imaging or cerebrospinal fluid examination. The
second approach, using local ocular therapy, is aimed at
eradication of lymphoma cells in the eye but has no effect
on possible subclinical manifestations elsewhere. Limited
evidence is available on the efficacy of both approaches. We
retrospectively evaluated the outcomes of diverse treatment regimens used for PVRL in 78 patients from 17 European referral ophthalmologic centers, with a focus on the
incidence of CNS manifestations during the follow-up
period.

well as the Rotterdam Eye Hospital in the Netherlands, JulesGonin Eye Hospital in Switzerland, and Bristol Eye Hospital and
Moorfields Eye Hospital in England, as well as the departments of ophthalmology from Tübingen and Heidelberg University Hospitals in Germany, Istanbul University in Turkey,
Pitié-Salpêtrière Hospital in France, University Hospital of León
in Spain, and Centre Hospitalier Universitaire St-Pierre and
Brugmann in Belgium. All data were reviewed for completeness and consistency.
For inclusion into the study, the minimal duration of follow-up needed to be at least 1 year after the patient’s first presentation to an ophthalmologist. The last month of follow-up
was July 2013. Patients with previous systemic lymphoma were
excluded. Isolated PVRL was diagnosed by ocular tissue biopsy, whereas cerebrospinal fluid examination and imaging of
the brain were used to exclude CNSL at the time of PVRL diagnosis or during the diagnostic process.
We collected clinical data on a total of 104 patients with
PVRL; 26 of these patients were excluded (17 because the diagnosis of PVRL was confirmed when CNS manifestations had
already developed and 9 because of insufficient data). The remaining 78 patients were included in our analysis (Table 1).
The following data were collected: age, sex, date of onset
of ocular symptoms, date of diagnosis of PVRL, type and date
of treatment, all relevant ocular and systemic treatment complications, date of PVRL relapse, date of manifestation of CNSL,
survival (years), and cause of death. The term extensive treatment was used for various combinations of systemic and intrathecal chemotherapy, whole-brain radiotherapy, and peripheral blood stem cell transplantation.

Statistical Analysis
The primary outcome of this retrospective study was the development of CNSL and its association with the type of PVRL
treatment used. Secondary end points were relapse of PVRL,
survival, and cause of death. The data were analyzed using
SPSS, version 20 (SPSS Inc).
Differences in the distribution of individual features among
treatment groups were analyzed by means of the χ2 test or
Fisher exact test for categorical variables and the MannWhitney test or Kruskal-Wallis test for continuous, nonparametric variables. Survival was defined as the time from first
symptoms of PVRL to death or CNSL, or the time to the last
follow-up assessment. Survival rates were calculated using the
Kaplan-Meier method, and differences were compared with
the use of the log-rank test.

Methods
Patients
The study was conducted in accordance with the Declaration
of Helsinki and was approved by the institutional ethical committee of the University Medical Center Utrecht, which concluded that the Dutch Medical Research Involving Human Subjects Act did not apply and written informed consent was not
needed. This retrospective study included immunocompetent patients without human immunodeficiency virus with isolated PVRL (all classified as DLBCL) between January 1, 1991,
and December 31, 2012, from all university medical centers as
E2

Results
Patient Characteristics
The patient characteristics are reported in Table 1. The median age at the time of PVRL diagnosis was 58 years (range,
39-86 years) and 34 of 78 patients (44%) were male. At onset,
PVRL was bilateral in 45 (58%) patients. The median duration
from symptom onset to diagnosis of PVRL was 10 months
(range, 0-63 months). The diagnosis of isolated PVRL was confirmed by ocular tissue biopsy in all 78 patients. The median
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Table 1. Patient Demographics and Clinical Characteristics
All Cases
(N = 78)

Characteristic
Age, median (range), y

58 (39-86)

Male sex, No. (%)

34 (44)

Interval between onset of symptoms to diagnosis,
median (range), mo

10 (0-63)

No Treatment
(n = 3)
81 (55-83)
2 (67)

Group Bb
(n = 21)

65 (41-86)

59 (43-73)

12 (39)

11 (9-19)

8 (38)

10 (1-42)

10 (2-41)

Bilateral PVRL, No. (%)

45 (58)

3 (100)

14 (45)

12 (57)

CNSL development, No. (%)

28 (36)

0

10 (32)

9 (43)

Interval between first manifestations of PVRL and
CNSL, median (range), mo

29 (7-133)

Recurrence of vitreoretinal lymphoma during
follow-up, No. (%)

17 (22)

Follow-up from first presentation to
ophthalmologist, median (range), mo

49 (15-246)

Not available

28 (7-66)

0

4 (13)

Abbreviations: CNSL, central nervous system lymphoma; PVRL, primary
vitreoretinal lymphoma.
a

Group Aa
(n = 31)

Included patients who received only ocular treatment; 2 patients also received
CHOP (cyclophosphamide, hydroxydaunorubicin, Oncovin [vincristine], and
prednisone), but this was not considered systemic treatment because it is not
effective for CNSL.

follow-up time after the first presentation to the ophthalmologist was 49 months (range, 15-246 months).
Of all 78 patients, 28 individuals (36%) subsequently developed CNSL and 23 (29%) patients died during the follow-up period. Patients with and those without CNSL manifestations were similar in male to female ratio and bilateral
occurrence of PVRL (P = .34 and P = .94, respectively). Age was
similar between the patients who developed CNSL and those
who did not develop CNSL (median age, 65 years; range, 41-86
years [95% CI, 60.1-65.6]; vs 59 years; range, 39-80 years [95%
CI, 53.5-61.1]; P = .15). The follow-up time from first presentation to the ophthalmologist of patients with CNSL and those
without CNSL was also similar (median 74 months; range, 9-122
months [95% CI, 49.3-76.5]; vs 42 months; range, 3-246 months
[95% CI, 49.1-73.4]; P = .34). The CNSL manifestations were
similar in patients included before 2005 compared with those
included after 2005 (P = .28).

Therapeutic Approaches
Treatment regimens were principally classified into 3 categories: ocular radiotherapy and/or ocular chemotherapy (group
A), extensive systemic treatment (group B), and a combination of ocular and extensive systemic treatment (group C).
Three additional patients did not receive treatment (Table 2).
Ocular treatment included local radiotherapy and intravitreal application of methotrexate sodium and/or rituximab. Extensive treatment regimens are listed in Table 2 and
consisted of combinations of different regimens of systemic
and intrathecal chemotherapy (n = 40), whole-brain radiotherapy (n = 6), and peripheral blood stem cell transplantation (n = 4). Intrathecal treatment was always given in
combination with intravenous treatment. CHOP (cyclophosphamide, hydroxydaunorubicin, Oncovin [vincristine],
and prednisone) chemotherapy was not considered systemic treatment because it is not effective for CNSL
(Table 2).15-17
jamaophthalmology.com

34 (17-119)

48 (15-260)

29 (20-133)

Group Cc
(n = 23)
62 (39-83)
12 (52)
7 (0-63)
16 (70)
9 (39)
46 (11-126)

6 (29)
44 (17-133)

7 (30)
78 (17-133)

b

Included patients who received extensive systemic treatment.

c

Included patients who received a combination of ocular and extensive
treatment.

The patient characteristics per treatment group are summarized in Table 1. Of the 78 included patients 31 individuals
(40%) received only ocular treatment. These patients received radiotherapy (16 [52%]), intravitreal methotrexate and/or
rituximab (12 [39%]), or a combination of radiotherapy and intravitreal chemotherapy (2 [6%]); 1 (3%) of the 31 affected eyes
was enucleated. Additionally, 3 (4%) patients did not receive
treatment initially for PVRL, owing to the preference of the patient (n = 2) or physician (n = 1).

Patient Characteristics in Specific Treatment Groups
The 3 treatment groups were similar in diverse variables
including sex (P = .54), age (P = .07), duration from the onset
of symptoms to diagnosis of PVRL (P = .65), interval from
the first presentation of PVRL to the ophthalmologist to the
onset of CNSL (P = .50), and duration of follow-up (P = .24).
Furthermore, the duration of follow-up was similar for
patients receiving ocular radiotherapy and chemotherapy
(P = .18).

Effect of PVRL Treatment on CNSL Manifestations
Central nervous system lymphoma developed in 28 of 78 patients (36%): 10 (32%) patients in group A, 9 (43%) in group B,
and 9 (39%) in group C (P = .76) (Table 1). Similar rates of CNSL
manifestations were observed when group A was compared
with solely systemic chemotherapy and when group A was
compared with group B (P = .53 and P = .45, respectively). In
addition, development of CNSL manifestations was similar in
patients who received ocular chemotherapy and ocular radiotherapy (P = .23). When patients receiving intrathecal therapy
were not included in the extensive treatment group, the results of development of CNS manifestations did not change.
Central nervous system lymphoma developed in 14 of 30 patients (47%) who received 6 courses of intravenous methotrexate and 4 of 14 (28%) patients receiving other extensive
treatment modalities.
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Table 2. Types of Treatment Given for Primary Vitreoretinal Lymphoma
in 78 Patients
Type of Treatment

Patients,
No. (%)

No treatment

3 (4)

Group Aa

12 (39)

Intravitreal methotrexate

9 (29)

Intravitreal rituximab

2 (6)

Intravitreal methotrexate and rituximab

1 (3)

Ocular radiotherapy and intravitreal chemotherapy

2 (6)

Enucleation

1 (3)

Group Bb

21 (27)

c

23 (29)

1 (4)

Intravitreal and intravenous chemotherapy, cerebral
radiotherapy

1 (4)

Intravitreal and intravenous chemotherapy, PBSCT

1 (4)

Ocular radiotherapy, intravenous chemotherapy

6 (26)

Ocular radiotherapy, intrathecal chemotherapy

3 (13)

Ocular and cerebral radiotherapy

2 (9)

Ocular radiotherapy, intravenous and intrathecal
chemotherapy

2 (9)

Ocular and cerebral radiotherapy, intravenous
chemotherapy

2 (9)

Ocular and cerebral radiotherapy, intravenous and
intrathecal chemotherapy

1 (4)
40 (51)

CHOP

2 (5)

High-dose methotrexate based

0.6
Ocular treatment
Extensive treatment

0.4

0.2

4 (17)

Intravitreal and intrathecal chemotherapy

Intravenous treatment

Ocular and extensive treatment

0.8

Cumulative Survival

16 (52)

Intravitreal methotrexate sodium and/or rituximab

Intravitreal and intravenous chemotherapy

0.1
0

20

40

60

80

100

120

Time From First Symptoms of PVRL, mo

Central nervous system lymphoma was the outcome. Survival estimates did not
differ significantly between the treatment groups (P = .91).

Similar outcomes were observed between the specific treatment groups (ocular treatment only vs extensive treatment
only, P = .96; ocular treatment only vs a combination of extensive and ocular treatment, P = .56; and extensive treatment only vs a combination of systemic chemotherapy and
ocular treatment, P = .80).

16 (40)

Cytarabine based

4 (10)

Methotrexate and cytarabine

5 (13)

Rituximab

1 (3)

Rituximab and cytarabine

2 (5)

Rituximab, methotrexate, and cytarabine

3 (8)

Rituximab, methotrexate, cytarabine, and PBSCT

4 (10)

COPADEM protocold

3 (8)

Intrathecal treatment

10 (13)

Methotrexate

7 (70)

Methotrexate and cytarabine

3 (30)

Cerebral treatment

Ocular Relapse of PVRL
Ocular relapse of PVRL occurred in 17 of 78 patients (22%)
within 12 to 131 months after the first symptoms of PVRL (95%
CI, 24.9 to 66.7; median, 28 months). The risk of ocular relapse was similar among the specific treatment groups (P = .53).
The incidence of ocular relapse in patients in group A was not
significantly different from that in patients who received only
systemic chemotherapy (P = .31). A similar incidence of ocular relapse also was observed between patients who received
solely ocular chemotherapy and those who underwent ocular radiotherapy (P = .60).

6 (8)

Radiotherapy

6 (100)

Abbreviations: CHOP, cyclophosphamide, hydroxydaunorubicin, Oncovin
(vincristine), and prednisone; CNS, central nervous system; COPADEM,
cyclophosphamide, vincristine, prednisolone, doxorubicin, hydrocortisone, folic
acid, and methotrexate; PBSCT, peripheral blood stem cell transplantation.
a

The ocular treatment group included 2 patients who also received CHOP and
were considered as not receiving systemic treatment.

b

Extensive treatment only.

c

Combination of ocular and extensive treatment.

d

Reported in the study of Blay et al.14

Kaplan-Meier 10-year survival curves (calculated from the
first presentation with PVRL symptoms to the ophthalmologist to the development of CNS manifestations) were similar
when the 3 treatment groups were compared (P = .91) (Figure 1).
E4

1.0

31 (40)

Ocular radiotherapy

Group C

Figure 1. Kaplan-Meier 10-Year Survival Estimates in 78 Patients
With Primary Vitreoretinal Lymphoma (PVRL)

Treatment Complications
Systemic chemotherapy was used in 40 patients (51%) (23 who
were given extensive treatment only and 17 who received a combination of ocular and extensive treatment). One or more complications developed in 9 of 40 (23%) patients who received systemic chemotherapy (eTable 1 in the Supplement) with acute
renal failure being the most common (4 [10%]). Ocular radiotherapy was administered in 34 eyes. One or more complications occurred in 10 of these patients (29%) (eTable 1 in the
Supplement). Intravitreal chemotherapy was given to 19 patients
and complications developed in 5 of these individuals (26%)
(eTable 1 in the Supplement). Radiotherapy-associated encephalopathy did not develop in patients who received treatment for
PVRL with whole-brain radiotherapy (n = 6) during a median
follow-up time of 46 months (range, 3-134 months).
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Figure 2. Kaplan-Meier 5-Year Overall Survival for Primary Vitreoretinal Lymphoma (PVRL)
A Development of CNSL

B

1.0

Overall survival estimates
1.0
Extensive treatment

0.8

0.8
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Cumulative Survival

No CNSL
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0

0
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A, Patients who developed central nervous system lymphoma (CNSL) and patients who did not develop CNSL (P = .003). B, Overall survival estimates following
treatment for PVRL by treatment group (P = .10).

Cause of Death
Of 78 patients, 23 individuals (29%) died; 7 (30%) patients from
CNSL, 3 (13%) from indirect complications of CNSL, including
complications of treatment, and 3 (13%) patients died of lymphoma-unrelated causes. Data were not available on 10 patients. The death rates between the 3 treatment groups (untreated patients were not included) were similar (P = .07).
Central nervous system lymphoma was highly associated with
death (14 of 28 patients [50%] who developed CNSL vs 9 of 50
patients [18%] who did not develop CNSL; P = .003). The causes
of death per treatment group are displayed in eTable 2 in the
Supplement.

Overall Survival and Progression-Free Survival
The median overall survival from presentation to the ophthalmologist with PVRL until death was 44 months (range, 11-113
months) in patients who did not develop CNSL and 34 months
(range, 12-131 months) in patients who developed CNSL (95%
CI, −32.9 to 58.7; P = .43). The 5-year cumulative survival rate
was lower in patients with CNSL (35% [95% CI, 50% to 86%])
than in patients without CNSL (68% [95% CI, 19% to 51%];
P = .003) (Figure 2A) and was similar among all treatment
groups (P = .10) (Figure 2B). The median CNSL-free survival was
47 months (95% CI, 46.8 to 61.8; range, 7-152 months) in all patients who received treatment. Overall and progression-free
survival were similar among the 3 treatment groups (P = .74
and P = .15, respectively).

Discussion
Our study illustrates the lack of a consistent treatment approach for patients with PVRL, and the data provide current
outcomes of a similar prevalence of CNSL manifestations
among patients with PVRL treated with various ocular and exjamaophthalmology.com

tensive treatment regimens. In our retrospective study the benefit of extensive treatment strategies in patients with PVRL
without CNS involvement could not be substantiated in a median follow-up duration of 49 months.
To our knowledge, the present study represents one of the
largest contemporary series on PVRL outcomes and is particularly pertinent because it presents a homogeneous group of patients with PVRL without signs of CNS involvement. The previously reported1 prevalence of CNSL (60%-95%) secondary to
PVRL appears to be higher than that in the present series, which
might in part be explained by the fact that our study excluded all patients with positive cerebrospinal fluid findings
as well as patients in whom the diagnosis of PVRL was confirmed after CNSL had developed. Inclusion of these patients
would have biased the study toward a higher frequency of
CNSL. Grimm et al7 conducted a retrospective study including 83 patients with PVRL from 16 centers in 7 countries. In contrast to our study, the classification of PVRL in their series included 11 patients with cerebrospinal fluid that contained
lymphoma cells. Furthermore, the median follow-up in the
study by Grimm et al was 32 months and no minimal duration
of follow-up was used as an inclusion criterion. In line with our
findings, initial treatment regimens in the study by Grimm et
al varied widely and consisted of local therapy in 28% of the
patients (which included ocular radiotherapy and chemotherapy), extensive therapy in 64% of the patients (systemic
chemotherapy and whole brain radiotherapy), and no treatment in 7% of the patients. Central nervous system lymphoma developed in 47% of all included patients in the Grimm
et al series and local therapy without systemic treatment or
brain radiotherapy did not increase the risk of brain relapse
compared with an intensive treatment regimen (P = .4). These
results are in accordance with our findings and indicate that
ocular treatment of PVRL was not associated with an excess
of CNS manifestations compared with more aggressive (sysJAMA Ophthalmology Published online November 20, 2014
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temic) treatment regimens. Furthermore, our patients were selected from ophthalmology departments rather than neurooncology departments as in the series by Grimm et al,
eliminating possible selection bias in favor of CNSL development. Most published studies8,18,19 on local PVRL treatment
focus on its effect on PVRL and do not have sufficient follow-up data to report on the incidence of subsequent CNS
manifestations.
Of the patients in the present study who received only ocular radiotherapy, 29% developed adverse effects. However, our
series included patients from 1991 onward. In the early 1990s
radiotherapy treatment regimens differed in intensity compared with more recent strategies.20 At present, radiotherapy
is of lower intensity (36 Gy), therapy is fractionated, and although dry eyes during treatment and cataract after radiotherapy develop regularly, retinopathy is uncommon.20,21
Teckie and Yahalom19 indicated in their series that no serious
adverse effects of radiotherapy developed and countered the
claim that permanent visual loss might occur.
More recently, intraocular chemotherapy has gained popularity and includes diverse regimens of methotrexate and rituximab. Adverse effects of administration of these agents occur only within the eye and include hyperemia, keratopathy,
cataract, glaucoma, iridocyclitis, vitreous hemorrhage, retinal detachment, maculopathy, and endophthalmitis.22-25 Proof
of superiority of intraocular chemotherapy vs radiotherapy is
lacking because no comparative studies have been performed. The advantages of local chemotherapy over intravenous treatment are higher levels of chemotherapeutic agents
in the eye and the lack of systemic, possibly life-threatening,
adverse effects.
To date, the pathogenesis of VRL with CNSL is not known
and the mechanism of its origin and subsequent metastasis has
not been elucidated. It is not known whether CNS and ocular
manifestations occur independently or whether this type of
lymphoma originates at one site, subsequently spreading to
other sites. Our results, as well as the frequent bilateral involvement in VRL and the long intervals between manifestations of large B-cell lymphoma at different immuneprivileged sites, favor the possibility of a multifocal origin.26
In addition, spreading from one site to others might concurrently develop. The multifocal origin of lymphoma at various
immune-privileged sites has been ascribed27 to an ineffective
immune response to lymphoma cells at these protected sites.
Booman et al28 studied the genomic alteration of DLBCL of the
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testes and CNSL and showed that DLBCL in these 2 locations
exhibits both shared and site-specific genetic alterations. They
concluded that these findings underline the concept of immune-privileged site lymphoma but that CNS and testes lymphoma do not form a single entity.
Our study has the shortcomings of a retrospective design. The reasoning for the choice of treatment in individual
patients could not be determined. However the different hospitals tended to use the same treatment modalities for all of
their patients. Because the patient characteristics did not differ significantly between treatment groups and the choice of
treatment was based primarily on which treatment option was
conventional per treatment center, the bias seems to be limited. Survival analysis of the 3 treatment subgroups showed a
possible trend in favor of patients who received extensive treatment and an analysis using a larger series may disclose conclusions that differ from the current data. The log-rank of this
Kaplan-Meier 10-year survival curve was similar when the 3
treatment groups were compared; however, the proportional
hazard assumption was not met, and therefore the log-rank
was biased. In our study, the rate of local recurrences was similar for local and systemic treatment regimens. The intravenous chemotherapy regimens differed widely and illustrate the
lack of a systematic approach even within this treatment approach. Peripheral blood stem cell transplantation has shown
promising results,29-31 but the number of patients in our study
was too limited to evaluate this treatment. Our results relate
to the group as a whole and do not exclude a possible beneficial effect of a specific treatment strategy, which emphasizes
the need for international cooperation and prospective
studies.

Conclusions
The development of CNS manifestations after PVRL in our
study was similar in patients with PVRL who received local ocular treatments compared with patients who received systemic treatments. Specific regimens, such as peripheral blood
stem cell transplantation and novel chemotherapies, should
be systematically analyzed because these regimens might have
greater value than local treatment. In the present series, the
additional benefit of systemic chemotherapy could not be
proven and was associated with a greater number of and more
severe adverse effects compared with local therapy.
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