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PURPOSE. To determine the diagnostic potential of next-generation sequencing (NGS)
in vitreous samples, analyze genotype-phenotype characteristics, and compare NGS of
matched vitreous and brain samples in patients with associated central nervous system
lymphoma (CNSL).

METHODS. A total of 32 patients suspected of vitreoretinal lymphoma (VRL) who
underwent diagnostic vitrectomy and NGS were included in this retrospective obser-
vational case-series. Fresh vitreous specimens from diagnostic vitrectomy of VRL-
suspected patients underwent NGS using a custom panel targeting 747 candidate
genes for lymphoma. They also underwent malignancy cytology, interleukin (IL)-10/IL-6,
immunoglobulin heavy chain (IGH)/immunoglobulin kappa light chain (IGK) monoclon-
ality testing. MYD88 L265P mutation was examined from anterior chamber tap samples.
The diagnosis of VRL was made based on typical clinical characteristics for VRL, as well
as malignant cytology, IGH/IGK clonality, or IL-10/IL-6 > 1. Sensitivity and specificity
of NGS were compared with conventional diagnostic tests. Brain tissues suspected of
lymphoma were collected by stereotactic biopsy and underwent NGS. Genetic variations
detected in NGS of vitreous and brain tissue specimens were compared.

RESULTS. The sensitivity values for cytology, IL-10/IL-6 > 1, clonality assays for IGH and
IGK, MYD88 L265P detection in anterior chamber tap samples, and vitreous NGS were
0.23, 0.83, 0.68, 0.79, 0.67, and 0.85, with specificity values of 1.00, 0.83, 0.50, 0.25, 0.83,
and 0.83, respectively. The sensitivity (0.85) of vitreous NGS was the highest compared to
other conventional diagnostic tests for VRL. The most common mutations were MYD88
(91%), CDKN2A (36%), PIM1 (32%), IGLL5 (27%), and ETV6 (23%). Although several
gene alterations demonstrated heterogeneity between the brain and eyes, some common
mutational profiles were observed in matched vitreous and brain samples.

CONCLUSIONS. Overall, NGS of the vitreous demonstrated high sensitivity among conven-
tional diagnostic tests. VRL and CNSL appeared to have both shared and distinct genetic
variations, which may suggest site-specific variations from a common origin.

Keywords: vitreoretinal lymphoma, next-generation sequencing, diffuse large B-cell
lymphoma

Vitreoretinal lymphoma (VRL) is a rare, but most common
form of intraocular lymphoma that is considered a vari-

ant of central nervous system lymphoma (CNSL). Approx-
imately 65% to 90% of VRL eventually develop central
nervous system (CNS) dissemination.1 Conversely, 15% to
25% of patients with CNSL show intraocular involvement
at the time of diagnosis, and 25% of patients without
ocular involvement will eventually develop VRL.2,3 The
overall five-year survival rate of VRL with CNS involve-
ment ranges from 19% to 61.1%.4,5 Secondary VRL from
non-CNS lymphomas is rare. One study showed that 90%

of VRLs are B-cell lymphoma and only 10% are T-cell
lymphoma.6

Cytologic confirmation is the standard diagnostic proce-
dure for VRL; however, it suffers from the low yield of
high-quality material for pathological evaluation owing to
an insufficient number of tumor cells, cytolytic effects
of preceding corticosteroid therapy from misdiagnosis
as intraocular inflammation, and rapid degeneration of
lymphoma cells.7,8 Thus many efforts have been made to
aid the diagnosis, including interleukin (IL) ratio (IL-10/IL-
6 > 1), IL-10 level (>50 pg/mL) from anterior chamber
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tap samples, and clonality assays for immunoglobulin heavy
chain (IGH) and kappa light chain (IGK).9 Recent findings
showed that MYD88 L265P mutation is detected in vitreous
samples in approximately 66% to 82% of VRL patients.10,11

MYD88 L265P can be detected in even smaller volumes from
anterior chamber tap samples repeatedly, making it a useful
method for disease monitoring.12 Recent gene expression
profiling studies have demonstrated additional molecular
alterations that are commonly detected in VRL, which could
be useful in the current diagnostic workup of VRL.13,14

In the present study, we used next-generation sequencing
(NGS) with an in-house lymphoma panel to analyze genetic
alterations using a fresh vitreous specimen from patients
who had undergone diagnostic vitrectomy suspected of VRL.
Whole exome sequencing (WES) data of VRL patients from
our previous study was included for analysis.14 The diag-
nostic capability of NGS in comparison to other conven-
tional diagnostic tools for VRL was evaluated. Addition-
ally, genotype-phenotype characteristics and NGS results of
matched vitreous and brain samples in selected patients
were analyzed.

MATERIAL AND METHODS

In this retrospective observational study, patients suspected
of VRL underwent diagnostic vitrectomy in the Department
of Ophthalmology, Severance Eye Hospital, Yonsei Univer-
sity College of Medicine, between January 2017 and Novem-
ber 2021. This study was performed in accordance with
the ethical standards laid down in the 1964 Declaration
of Helsinki and was approved by the Institutional Review
Board of the Yonsei University College of Medicine (IRB no.
4-2021-1352). The requirement for informed consent was
waived. We performed diagnostic vitrectomies for patients
suspected of VRL. The diagnosis for VRL was based on
the following criteria, which was adapted from previous
reports:13,15 (1) characteristic ocular findings consistent with
VRL (vitreous opacities and/or subretinal infiltrates) with
negative results from infectious and noninfectious uveitis
tests, (2) malignant cytology in the vitreous, (3) clonality of
the infiltrating lymphoma cells in the vitreous using either
PCR analysis of IGH or IGK gene rearrangements, and (4)
IL-10/IL-6>1.16 Patients who had (1) accompanied by either
(2), (3), or (4) were diagnosed with VRL.

Optical coherence tomography, wide-field fundus
photography, and wide-field fundus autofluorescence
images were used to evaluate any subtle features of
VRL in both eyes. AC tap samples (∼0.1 mL) were
collected at the beginning of the surgery before vitrectomy.
DNA extracts were subjected to mutant enrichment with
3ʹ-modified oligonucleotides-PCR17 for detection of MYD88
L265P mutation. Undiluted and diluted vitreous samples
were collected from 25-gauge vitrectomies and underwent
NGS using a custom panel targeting 747 candidate genes
for lymphoma (Supplementary Appendix A). We collected
approximately 2 mL of undiluted samples and analyzed
them for IGH/IGK, NGS, and IL-6/10 tests. The remaining
undiluted samples and diluted samples were mixed and sent
for cytology. Massively parallel sequencing was done on
the NextSeq 550Dx System (Illumina, San Diego, CA, USA).
Quality control and sequence analysis were performed
using our custom analysis pipeline. Databases used for
analysis and variant annotation include Online Mendelian
Inheritance in Man, Human Gene Mutation Database
(subscription-only), ClinVar, dbSNP, 1000 Genome, Exome

Aggregation Consortium, Exome Sequencing Project, and
Korean Reference Genome Database. All pathogenic and
likely pathogenic variants were further confirmed by Sanger
sequencing. All variants were classified by the American
College of Medical Genetics and Genomics guidelines
and benign and likely benign variants were filtered out.
Variants are classified into four tiers based on their level
of clinical significance in cancer diagnosis, prognosis,
and/or therapeutics following the standards and guidelines
established by the Association for Molecular Pathology,
American Society of Clinical Oncology, and College of
American Pathologists (Tier I, variants with strong clinical
significance; Tier II, variants with potential clinical signif-
icance; Tier III, variants of unknown clinical significance;
and Tier IV, variants deemed benign or likely benign).18

Experimental details for WES were described in the previous
study.14 Genes that were covered in the WES but were not
covered in the NGS panel were not included in this study.

Brain tissues suspected of lymphoma were collected
by stereotactic biopsy. For NGS of brain tissue, formalin-
fixed and paraffin-embedded samples were sequenced with
TruSight Oncology 500 panel (Illumina) on NextSeq 550Dx
System. The Trusight Tumor 500 panel comprises a panel of
523 genes for the identification of single-nucleotide variants,
small insertions and deletions, and copy-number variation,
as well as a panel of 55 genes for an RNA workflow for
the identification of splice variants and gene fusions.19 The
complete list of genes for TruSight Oncology 500 is listed on
Illumina’s website. Variants were classified into four tiers as
in vitreous NGS.18

All cytological preparations were reviewed by experi-
enced cytopathologists. An IL-10/IL-6 ratio > 1.0 was consid-
ered suggestive of a diagnosis of B-cell VRL. In cases of
suspected infectious uveitis, the vitreous specimen was sent
to a laboratory for culture and comprehensive polymerase
chain reaction analysis for agents to known to cause infec-
tious uveitis. We examined the sensitivity and specificity of
cytology, IL-10/IL-6 > 1.0, IGH/IGK monoclonality, MYD88
L265P mutation in AC tap samples, and NGS results. We
used OncoPrinter, a tool provided by the cBioPortal for
Cancer Genomics (cbioportal.org/oncoprinter), to visualize
and analyze our data.

The data are presented as the mean ± standard deviation
(SD) unless otherwise stated. All statistical analyses were
performed using SPSS for Windows (version 22.0; SPSS Inc.,
Chicago, IL, USA). A P value < 0.05 was considered statisti-
cally significant.

RESULTS

Patient Characteristics

This study includes 32 patients initially suspected of VRL.
Vitreous samples from 23 patients underwent targeted NGS,
whereas nine patients underwent WES. Twenty-six patients
were eventually diagnosed with VRL (Table 1A). Six patients
did not meet the diagnostic criteria for VRL. Five of these six
patients showed negative NGS results from vitreous spec-
imens. However, one patient (Patient 17) showed positive
NGS result including mutations in MYD88, CD79B, and
SETD1B. The clinical characteristics of 26 VRL patients are
shown in Table 1B. The mean ± SD age was 64 ± 11 years.
Thirteen (50%) patients were men. Except for two patients
(cases 7 and 13) who had undergone vitrectomies at a differ-
ent hospital, no other patients had previous vitrectomy or

Downloaded from intl.iovs.org on 04/19/2024



NGS of Vitreoretinal Lymphoma by Vitreous Biopsy IOVS | November 2023 | Vol. 64 | No. 14 | Article 27 | 3

T
A
B
L
E
1
A
.

D
em

o
gr
ap

h
ic
s
an

d
C
li
n
ic
al

Fi
n
d
in
gs

fo
r
P
at
ie
n
ts

W
it
h
V
it
re
o
re
ti
n
al

Ly
m
p
h
o
m
a

C
as

e
N
o
.

A
g
e
(Y

r)
/S

ex
L
at
er
al
it
y

O
ri
g
in

O
f

Ly
m
p
h
o
m
a

P
ri
m
ar
y

O
cu

la
r
S
it
e

E
x
tr
ao

cu
la
r
L
es
io
n
s

an
d
T
u
m
o
r
T
yp

e
D
u
ri
n
g
Fo

ll
o
w
-U

p
M
o
n
th
s
to

D
is
ta
n
t
S
it
es

T
re
at
m
en

t
M
al
ig
n
an

cy
C
yt
o
lo
g
y

IG
H
/I
G
K

C
lo
n
al
it
y

IL
-1
0
/I
L
-6

R
at
io

M
Y
D
8
8

m
u
ta
ti
o
n

in
A
H

Ly
m
p
h
o
m
a

G
en

es
o
n

N
G
S
/W

E
S

C
li
n
ic
al

C
o
u
rs
e,

Fo
ll
o
w
-U

p
M
o
n
th
s

1
64

/M
O
U

C
N
SL

V
B
ra
in
,
D
LB

C
L

10
iv
M
T
X
,
sC

T
x,

R
T

Y
N
C
/C

2.
65

Y
Y

Su
rv
iv
in
g,

31
2

45
/M

O
U

C
N
SL

V
B
ra
in
,
D
LB

C
L

19
iv
M
T
X
,
sC

T
x,

R
T

Y
N
C
/C

8.
75

Y
Y

Su
rv
iv
in
g,

12
3

77
/M

O
U

Lu
n
g
D
LB

C
L

SR
Lu

n
g,

D
LB

C
L

10
iv
M
T
X
,
sC

T
x

N
C
/C

0.
17

N
A

N
Su

rv
iv
in
g,

37
4

62
/M

O
U

V
R
L

SR
B
ra
in
,
D
LB

C
L

21
iv
M
T
X
,
sC

T
x

N
C
/N

A
4.
54

Y
Y

Su
rv
iv
in
g,

34
5

61
/M

O
U

V
R
L

SR
LN

,
lu
n
g,

sp
le
en

,
n
ec
k
,

p
er
it
o
n
eu

m
,
D
LB

C
L

10
iv
M
T
X
,
sC

T
x

N
C
/C

11
.6
7

Y
Y

Su
rv
iv
in
g,

12

6
56

/F
O
D

V
R
L

V
—

iv
M
T
X

N
C
/C

11
.8
5

N
Y

Su
rv
iv
in
g,

24
7

62
/F

O
U

V
R
L

V
+S

R
B
ra
in
,
D
LB

C
L

15
iv
M
T
X
,
sC

T
x

Y
N
A
/N

A
16

.4
6

N
N

Su
rv
iv
in
g,

24
8

63
/F

O
U

V
R
L

SR
B
ra
in
,
D
LB

C
L

12
iv
M
T
X

N
C
/C

0.
30

N
A

N
Su

rv
iv
in
g,

23
9

85
/F

O
S

C
N
SL

+V
R
L

V
B
ra
in
,
D
LB

C
L

C
o
n
cu

rr
en

t
iv
M
T
X
,
sC

T
x,

R
T

Y
C
/C

7.
31

Y
Y

Su
rv
iv
in
g,

24
10

51
/F

O
U

V
R
L

V
+S

R
—

iv
M
T
X

N
C
/C

0.
08

Y
Y

Su
rv
iv
in
g,

20
11

64
/F

O
U

V
R
L

V
+S

R
—

iv
M
T
X

N
C
/C

3.
72

Y
Y

Su
rv
iv
in
g,

19
12

67
/M

O
U

V
R
L

V
B
ra
in
,
D
LB

C
L

11
iv
M
T
X

N
C
/C

N
A

N
Y

Su
rv
iv
in
g,

17
13

70
/F

O
S

V
R
L

V
+S

R
—

iv
M
T
X

N
C
/C

0.
54

N
N

Su
rv
iv
in
g,

6
14

68
/M

O
U

V
R
L

V
+S

R
—

iv
M
T
X
,
iv
R
T
X
,
R
T

N
C
/C

6.
11

Y
Y

Su
rv
iv
in
g,

11
15

77
/F

O
D

C
N
SL

+V
R
L

V
+S

R
B
ra
in
,
D
LB

C
L

C
o
n
cu

rr
en

t
iv
M
T
X
,
sC

T
x

N
C
/N

C
N
A

N
Y

Su
rv
iv
in
g,

8
16

73
/M

O
D

C
N
SL

+V
R
L

V
B
ra
in
,
D
LB

C
L

C
o
n
cu

rr
en

t
iv
M
T
X
,
sC

T
x

N
N
C
/C

23
.4

Y
Y

Su
rv
iv
in
g,

12
18

58
/F

O
U

C
N
SL

+V
R
L

V
B
ra
in
,
D
LB

C
L

C
o
n
cu

rr
en

t
iv
M
T
X

Y
N
C
/N

C
2.
81

Y
Y

Su
rv
iv
in
g,

3
20

47
/F

O
U

V
R
L

V
B
ra
in
,
D
LB

C
L

24
iv
M
T
X
,
sC

T
x

N
C
/N

C
23

.4
6

N
A

Y
Su

rv
iv
in
g,

96
21

61
/F

O
U

V
R
L

V
B
ra
in
,
D
LB

C
L

14
iv
M
T
X
,
sC

T
x

N
C
/C

20
.2
7

N
A

Y
Su

rv
iv
in
g,

30
22

64
/M

O
S

V
R
L

V
B
ra
in
,
D
LB

C
L

36
iv
M
T
X
,
sC

T
x

Y
N
C
/N

C
11

5.
3

N
A

Y
D
ec
ea

se
d
,
40

23
64

/M
O
U

V
R
L

SR
—

iv
M
T
X

N
C
/C

7.
39

N
A

Y
Su

rv
iv
in
g,

49
24

84
/M

O
S

V
R
L

SR
—

iv
M
T
X

N
N
C
/C

3.
70

N
A

Y
Su

rv
iv
in
g,

2
25

49
/F

O
D

V
R
L

V
—

Sy
st
em

ic
st
er
o
id

N
C
/C

35
.7
5

N
A

Y
Su

rv
iv
in
g,

13
26

74
/M

O
U

V
R
L

V
—

iv
M
T
X

N
N
C
/C

33
.0
1

N
A

Y
Su

rv
iv
in
g
19

27
81

/M
O
U

C
N
SL

V
B
ra
in
,
D
LB

C
L

12
0

iv
M
T
X
,

N
C
/N

C
3.
46

N
A

Y
Su

rv
iv
in
g,

18
28

45
/F

O
S

C
N
SL

V
B
ra
in
,
D
LB

C
L

24
iv
M
T
X
,

N
N
C
/C

6.
07

N
A

Y
Su

rv
iv
in
g,

16

A
C
,
an

te
ri
o
r
ch

am
b
er
;
C
,
m
o
n
o
cl
o
n
al
;
iv
M
T
x,

in
tr
av
it
re
al

m
et
h
o
tr
ex

at
e
in
je
ct
io
n
;
iv
V
an

c,
in
tr
av
it
re
al

va
n
co

m
yc
in

in
je
ct
io
n
;
N
A
,
n
o
t
av
ai
la
b
le
;
N
C
,
n
o
t
m
o
n
o
cl
o
n
al
;
O
D
,
o
cu

lu
s
d
ex

te
r

(r
ig
h
t
ey

e)
;
O
S,

o
cu

lu
s
si
n
is
te
r
(l
ef
t
ey

e)
;
O
U
,
o
cu

lu
s
u
te
rq
u
e
(b
o
th

ey
es
);
sC

T
X
,
sy
st
em

ic
ch

em
o
th
er
ap

y;
SL

,
sy
st
em

ic
ly
m
p
h
o
m
a;

SR
,
su

b
re
ti
n
al

in
fi
lt
ra
ti
o
n
;
V,

vi
tr
eo

u
s
o
p
ac
it
y.

Downloaded from intl.iovs.org on 04/19/2024



NGS of Vitreoretinal Lymphoma by Vitreous Biopsy IOVS | November 2023 | Vol. 64 | No. 14 | Article 27 | 4

T
A
B
L
E
1
B
.

D
em

o
gr
ap

h
ic
s
an

d
C
li
n
ic
al

Fi
n
d
in
gs

fo
r
C
o
n
tr
o
l
G
ro
u
p

C
as
e
N
o
.

A
g
e

(Y
r)
/S

ex
L
at
er
al
it
y

O
ri
g
in

o
f

U
ve

it
is
/R

el
ev

an
t

P
as

t
H
is
to
ry

P
ri
m
ar
y
O
cu

la
r

S
it
e

E
x
tr
ao

cu
la
r
L
es
io
n
s

an
d
T
u
m
o
r
T
yp

e
D
u
ri
n
g
Fo

ll
o
w
-U

p
M
o
n
th
s
to

D
is
ta
n
t
S
it
es

T
re
at
m
en

t
M
al
ig
n
an

cy
C
yt
o
lo
g
y

IG
H
/I
G
K

C
lo
n
al
it
y

IL
-1
0
/I
L
-6

R
at
io

M
yd

8
8

M
u
ta
ti
o
n
In

A
c
T
ap

S
am

p
le
s

Ly
m
p
h
o
m
a

G
en

es
O
n

N
g
s/
W
es

C
li
n
ic
al

C
o
u
rs
e,

Fo
ll
o
w
-U

p
M
o
n
th
s

17
61

/M
O
S

U
ve
it
is
,
p
o
ss
ib
le

V
R
L

SR
—

iv
M
T
X

N
N
A
/N

A
0.
41

Y
Y

Su
rv
iv
in
g,

5
19

71
/M

O
U

U
ve
it
is

(T
o
n
si
l
D
LB

C
L)

V
To

n
si
l,
D
LB

C
L

—
iv
M
T
X
,
sC

T
x

N
N
C
/N

C
0.
57

N
N

Su
rv
iv
in
g,

2
29

90
/F

O
U

U
ve
it
is

(S
ar
co

id
o
si
s)

V
—

—
Sy

st
em

ic
co

rt
i-

co
st
er
o
id
s

N
N
C
/C

0.
00

3
N

N
Su

rv
iv
in
g,

12

30
71

/F
O
S

U
ve
it
is

(B
ac
te
ri
al

en
d
o
p
h
th
al
m
it
is
)

V
+S

R
—

—
iv
V
an

c
N

C
/C

0.
81

N
N

Su
rv
iv
in
g,

8

31
80

/M
O
D

H
em

o
rr
h
ag

e
V

—
—

N
o
n
e

N
C
/C

1.
97

N
N

Su
rv
iv
in
g,

>
24

32
72

/F
O
U

U
ve
it
is

(S
ar
co

id
o
si
s)

V
—

—
Sy

st
em

ic
co

rt
i-

co
st
er
o
id
s

N
N
A
/N

A
0.
12

N
N

Su
rv
iv
in
g,

3

A
C
,
an

te
ri
o
r
ch

am
b
er
;
C
,
m
o
n
o
cl
o
n
al
;
iv
M
T
x,

in
tr
av
it
re
al

m
et
h
o
tr
ex

at
e
in
je
ct
io
n
;
iv
V
an

c,
in
tr
av
it
re
al

va
n
co

m
yc
in

in
je
ct
io
n
;
N
A
,
n
o
t
av
ai
la
b
le
;
N
C
,
n
o
t
m
o
n
o
cl
o
n
al
;
O
D
,
o
cu

lu
s
d
ex

te
r

(r
ig
h
t
ey

e)
;
O
S,

o
cu

lu
s
si
n
is
te
r
(l
ef
t
ey

e)
;
O
U
,
o
cu

lu
s
u
te
rq
u
e
(b
o
th

ey
es
);
sC

T
X
,
sy
st
em

ic
ch

em
o
th
er
ap

y;
SL

,
sy
st
em

ic
ly
m
p
h
o
m
a;

SR
,
su

b
re
ti
n
al

in
fi
lt
ra
ti
o
n
;
V,

vi
tr
eo

u
s
o
p
ac
it
y.

intravitreal injection of the chemotherapeutic agent. Seven-
teen (65%) of 26 VRL patients had bilateral ocular involve-
ment. Fourteen (54%) patients showed vitreous opacifica-
tion, and six (23%) showed subretinal infiltration as the main
clinical manifestation. Six (23%) patients demonstrated both
vitreous opacification and subretinal infiltration.

Fifteen patients (58%) were eventually diagnosed with
both VRL and CNSL. Four (15%) patients (cases 9, 15, 16, and
18) were diagnosed with VRL and CNS lymphoma concur-
rently. Four (15%) patients (cases 1, 2, 27, and 28) were diag-
nosed with VRL 10, 19, 120, and 24 months after diagnosis
with CNSL, respectively. Seventeen (65%) patients had VRL
without CNS involvement at the time of initial ophthalmic
evaluation and seven (41%) of them developed CNS disease
during the mean follow up of 15 ± 5 months (range 10-
24 months), and one of them developed multiple non-CNS
involvement after 10 months (case 5). One (4%) patient had
secondary VRL from DLBCL of lung. The survival rate was
96% (25 out of 26 patients) with a mean follow-up of 23
± 18 (range 2-96 months). The cause of death was hepatic
veno-occlusive disease and septic shock.

Results of Conventional Diagnostic Tests

Six of 26 (23%) VRL patients showed positive malignant
cytology. The yield of identifying cells in the mixed undi-
luted and diluted samples was 77%. Twenty of 24 (83%)
patients had IL-10/IL-6 ratio greater than 1. Positivity for IGH
and IGK monoclonality tests were detected in 17 (68%) of 25
patients and 19 (79%) of 24 patients, respectively. Ten (67%)
of 15 patients showed MYD88 L265P mutation in AC tap
samples. The sensitivity and specificity of each diagnostic
test are shown in Table 2.

Results of NGS

The sensitivity of targeted NGS and WES together was 0.82
and the specificity was 1.00. Sensitivities of NGS and WES
were 0.76 and 1.00, respectively and specificities were both
1.00.14 Specific gene mutations from each NGS positive
patient are shown in Supplementary Table S1. Patient 17
did not meet diagnostic criteria for VRL; however, the patient
showedMYD88mutation from anterior chamber tap sample,
and mutations in MYD88, CD79B, and SETD1B genes. Four
patients with VRL did not show genetic variations signifi-
cant for VRL. Three of the NGS-negative VRL patients and 9
of the 22 NGS-positive VRL patients had taken systemic or
topical steroid medication for more than one month before
diagnostic vitrectomy. Of the three NGS-negative patients,
one patient had undergone a diagnostic vitrectomy one day
before vitreous sampling in our hospital. Among 747 candi-
date genes, common mutations (number of patients, sensitiv-
ity value, and specificity value) found among 26 VRL patients
were MYD88 (20, 0.77, 0.83), CDKN2A (8, 0.31, 1), PIM1 (7,
0.27, 1), IGLL5 (6, 0.23, 1), ETV6 (5, 0.19, 1), BTG1 (4, 0.15,
1), KMT2D (4, 0.15, 1), and SETD1B (4, 0.15, 1) (Fig. 1). All
11 patients who were positive for MYD88 mutation in AC
tap samples showed MYD88 mutation in vitreous NGS.

VRL-Only Versus CNS-Involved VRL

Among 22 patients with positive NGS results, eight had
ocular-only VRL, 13 had CNS-involvement, and one had
a VRL with non-CNS spread. Eleven (85%) of 13 CNS-
involving cases showed vitreous opacity as a major clinical
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TABLE 2. Sensitivity and Specificity of Various Diagnostic Procedures

VRL Group Non-VRL Group

Diagnostic Test Yes No Percent Yes No Percent Sensitivity Specificity

Malignancy cytology 6 20 23 0 6 0 0.23 1.00
IL-10/IL-6 > 1* 20 4 83 1 5 17 0.83 0.83
IGH monoclonality† 17 8 68 2 2 50 0.68 0.50
IGK monoclonality‡ 19 5 79 3 1 75 0.79 0.25
MYD88 mutation in AC tap samples§ 10 5 67 1 5 17 0.67 0.83

NGS+WES║ 22 4 85 1 5 17 0.85 0.83

AC, anterior chamber.
* Two patients in the VRL group did not undergo IL-10/IL-6 testing
† One patient in the VRL group and two patients in the non-VRL group did not undergo IGH monoclonality testing.
‡ Two patients in the VRL group and two patients in the non-VRL group did not undergo IGK monoclonality testing
§ 11 patients in the VRL group did not undergo MYD88 mutation testing from AC tap samples.
║ Includes eight patients with whole-exome sequencing data

feature, while VRL-only cases demonstrated a more hetero-
geneous pattern (three cases with both vitreous opacity and
subretinal infiltration, three with vitreous opacity, and two
with subretinal infiltration). Bilateral ocular involvement was
observed in eight (62%) CNS-involving cases and four (50%)
VRL-only cases.

MYD88mutation was detected in 11 (85%) CNS-involving
cases and in eight (100%) VRL-only cases. For CNS-involving
cases, PIM1 (36%), CDKN2A (29%), IGLL5 (29%), B2M (14%),
BTG1 (14%), CD79B (14%), CREBBP (14%), ETV6 (14%),
GNA13 (14%), KLHL14 (14%), KMT2D (14%), and SETD1B
(14%) were next common mutations (Supplementary Fig.
S1). For VRL-only cases, CDKN2A (38%), BTG1 (25%), CD58
(25%), CIITA (25%), ETV6 (25%), HLA-B (25%), IGLL5 (25%),
and PIM1 (25%) were next common mutations (Supplemen-
tary Fig. S2).

Comparison With NGS From Brain Biopsy

Four patients (cases 4, 15, 16, and 18) had NGS results
from both vitreous and brain biopsies (Fig. 2, Supplemen-
tary Table S2). Case 4 was diagnosed with VRL before being
diagnosed with CNS lymphoma (CNSL). Cases 15, 16, and
18 were concurrently diagnosed with VRL and CNSL. Three
(cases 4, 15, and 16) of the four cases showed MYD88 muta-
tion from the brain. Of these three, two (cases 4 and 16)
cases demonstratedMYD88mutation from the vitreous. Case
4 demonstrated MYD88 and IRF4 mutation from both brain
and vitreous biopsies. Case 16 showedMYD88,CD79B,B2M,
and GNA13 mutations from both brain and vitreous biop-
sies. Case 18 demonstrated CREBBP and ETV6 mutations
from both brain and vitreous biopsies. CD58, ACTB, IGLL5,
KLHL14, BTG2, and SETD1B mutations were only detected
in the vitreous, while BCOR, HIST1H3C, KLHL6, EGFR, and
CDKN1Bmutations were only detected in the brain samples.

DISCUSSION

In this study, we explored the results from the targeted NGS
gene panel and WES for patients suspected of VRL along
with previously established diagnostic tests. Vitreous NGS
and WES showed the highest sensitivity (0.85) among previ-
ously proposed diagnostic criteria. IL-10/IL-6 ratio showed
the next highest sensitivity (0.83), which was compara-
ble to some studies16,20 but was lower compared to others
with sensitivity over 0.90.4,21,22 One possible explanation for

lower sensitivity is that patients who were in the early stage
of lymphoma or patients with T-cell lymphoma can have
low IL-10 profile.21 Common mutations among 747 candi-
date genes include MYD88 (91%), CDKN2A (36%), PIM1
(32%), IGLL5 (27%), and ETV6 (23%) (Fig. 1). A Chinese
study which analyzed vitreous of 23 VRL patients, showed
mutations in MYD88 (78%), ETV6 (48%), PIM1 (48%), BTG2
(30%), IRF4 (30%), CD79B (26%), and LRP1B (26%).23 In one
study that reported gene expression profiling of VRL from
seven cases, the frequencies of MYD88mutation and CD79B
mutation were 71.4% and 28.6%, respectively.13 Although
not identical, these results showed similar trend with our
results, which show highest frequency for MYD88 mutation
and lower frequencies for PIM1, ETV6 and CD79Bmutations
(Fig. 1). Based on the current study and previous studies,
mutations in MYD88, CDKN2A, PIM1, IGLL5, and ETV6 can
be considered as important variations in the VRL family and
would be recommended to be included in a gene panel for
multiplex PCR test for VRL.14,24–28

MYD88 is a protein associated with the innate immune
system and is a key mutation in VRL because it is found in
69% to 100% of the vitreous from VRL patients.10,11,14 Virtu-
ally all mutations in MYD88 including L265P occur in the
Toll-like receptor domain and result in constitutive activa-
tion of NF-kB signaling. Another common gene mutation
detected in NGS was CDKN2A mutation (35%). CDKN2A
is a tumor suppressor gene and mutations in CDKN2A are
known to be associated with various cancers, such as pancre-
atic, colon, and non-small cell lung cancers.29–31 CDKN2A
loss is predominantly observed in DLBCL with the acti-
vated B-cell (ABC) phenotype, which in general, confers
a considerably poorer prognosis than the germinal center
b-cell (GCB) phenotype.32 In our data, of nine VRL cases
with CDKN2A loss, five were diagnosed with DLBCL of
the brain, three did not have any detectable extraocular
involvement, and one was diagnosed with DLBCL in multiple
lymph nodes. Although the association of CDKN2A loss with
extraocular involvement of VRL or long-term poor progno-
sis of VRL is not conclusive from this study, CDKN2A loss in
VRL calls for further investigation.

Other common mutations found in our study were IGLL5,
PIM1, and ETV6. IGLL5 is known to play a critical role
in B-cell development, though its specific function is not
well known.14 Prevalence of IGLL5 mutation in our study
was 27%, which was comparable to other targeted genetic
sequencing studies on different types of DLBCL (13%,33

40%,34 and 43%35). PIM1 (32%) is commonly overexpressed
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FIGURE 1. Frequencies of genetic alterations identified by next-
generation sequencing of vitreous specimens from patients with
vitreoretinal lymphoma. SR, subretinal infiltration; V, vitreous
opacity.

in human cancers, and its expression is correlated with
poor prognosis in leukemias,36 mantle cell lymphoma,37 and
DLBCL.38 Prevalence of PIM1 mutation from previous stud-
ies showed 16.58%,39 40%,40 and 23%.33 ETV6 is a strong
transcriptional repressor and is recurrently mutated/deleted
gene in DLBCL.41,42 Though its function is unclear, ETV6
is upregulated during oncogenic transformation of germinal
center B-cells and that it regulates DLBCL survival.41 Recent
genetic analysis of vitreous from VRL patients showed ETV6
mutation to be found in 45% and 48% of patients, which is
higher than our result of 23%.23,43

Whether VRL belongs to GCB or ABC subtypes has been
controversial. The high frequency of t(14,18) translocation
in VRL and a recent gene expression profiling study showed
that the expression pattern of VRL was relatively closer to
the GCB subtype than the ABC subtype.13,44 In contrast, the
immunophenotype of VRL tumor cells was MUM1/IRF4+;
BCL-6+/−; CD10−, suggesting that VRL belongs to the
ABC subtype of DLBCL.45 Furthermore,MYD88 L265Pmuta-
tion, a hallmark of VRL, is more frequently observed in
ABC subtypes than in GCB subtypes.27 More recent studies
have proposed new genetic subtypes of DLBCL based on
shared genomic abnormalities, rather than a cell-of-origin
scheme that subdivides DLBCL into ABC and GCB subtypes.
Among them, MCD and N1 subtypes are predominantly
ABC subtypes and showed poorer outcomes than other
subtypes.27,46 Our findings suggest that mutational profiles
of VRL partially resemble the MCD subtype according to the
above DLBCL classification.

There were four cases with matched vitreous and brain
samples. NGS of matched vitreous and CNS samples can
be used to establish clonal relationships as well as to
detect intra-patient tumor genomic heterogeneity between
lymphomas involving the eye and the brain.47 Clonal rela-
tionship was observed because some cases shared muta-
tions including MYD88, CD79B, B2M, GNA13, and CREBBP
(Fig. 2).MYD88mutation was the most common genetic vari-
ation noted in three of four (75%) cases for both brain and
vitreous samples. For brain NGS, all other mutations were
detected once among four cases, while CDKN2A loss and
IGLL5 mutation were detected in two of four (50%) vitreous
samples, respectively. CDKN2A loss was not detected in any
of the brain NGS samples. However, we cannot rule out the
presence of CDKN2A loss in the brain samples because of
the fact that gene panel for brain NGS was not designed to
detect copy number alterations for CDKN2A. Nonetheless,
some mutations were distinct in each tissue. BCOR, KLHL6,
and EGFR mutations from brain NGS were not detected in
any of the matched and unmatched vitreous NGS cases.

Within CNS-involving VRLs, the ocular manifestation may
differ between CNSL-derived VRLs versus VRLs that later
invaded the CNS. For four CNSL cases that later involved
the eyes, all their main clinical manifestations were vitre-
ous opacity without subretinal infiltration. A smaller study
of two CNSL-derived VRL cases also reported vitreous lesions
without retinal lesions.47 However, for 18 VRLs that did
not show CNS involvement at initial evaluation, a higher
proportion of cases (11 of 18, 61%) demonstrated subreti-
nal infiltration. Similar to our study, one study reported
that retinal or subretinal infiltration was significantly more
frequent in VRL-only eyes (68%) than in secondary VRLs
from CNSL (44%).48 We do not clearly understand the mech-
anism behind this difference. One report suggested the
possibility of hematogenous spread for sub-retinal pigment
epithelium (RPE) lymphoma deposits.49 Lymphoma cells
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FIGURE 2. Comparative analysis of genetic alterations found in patients who had undergone both vitreous and brain biopsies. Gene panel
for brain NGS was not designed to detect copy number alterations for CDKN2A and CDKN2B genes.

may take advantage of CXCR4 and CXCR5 and migrate to
sub-RPE,50 which may not be the case for those involved
in vitreous opacities. Direct invasion of the optic nerve
and meningeal infiltration are two possible routes of CNS
dissemination,51 which could be sources of vitreous opacity

in CNSL-derived VRLs. Detection of MYD88 mutation and
increased IL-10 concentration in the cerebrospinal fluid of
VRL patients support this hypothesis.52 Our data support
that CNSL-derived VRLs may take advantage of the optic
nerve/meningeal route, which leads to a predominant vitre-
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ous opacity phenotype for these cases. Further understand-
ing of spatial and temporal differences in ocular phenotypes
and genotypes may lead to effective tumor-specific treatment
strategies.

This study has several limitations. One limitation was the
low yield of lymphoma cells in the vitreous of VRL, which
led to low sensitivity from malignant cytology, resulted in
difficulty in setting the gold standard for VRL diagnosis.
However, this was the reason we believe that genetic tests
using NGS can aid in raising the diagnostic capability of VRL
as was shown in this study. Patient 17, who did not meet
the diagnostic criteria for VRL, showed the same MYD88
mutations in both anterior chamber tap sample and vitre-
ous, as well as other VRL-related mutations from the vitreous
NGS. This case is an example that shows that genetic testing
for VRL can aid the diagnosis in certain patients who are
otherwise difficult to diagnose using traditional diagnostic
tests. NGS-analysis result was reported in 32.3 ± 13.6 days,
which can delay the diagnosis and treatment. However, we
believe that the improvement in the speed of NGS-analysis,
as well as more compact gene panel for VRL, would shorten
the latency of diagnosis in the future. Another limitation is
that we did not have sensitivity and specificity data for flow
cytometry, as well as T cell receptor (TCR) clonality test.
This was due to the fact that flow cytometry and TCR for
VRL were not routinely done in our clinical setting. Absence
of CDKN2A gene in the brain NGS is another weakness in
our study that could be improved by including the panel
in the future studies. Unlike tracking changes in genetic
mutation using anterior chamber tap, serial follow-up of the
genetic mutation using vitreal NGS analysis may be limited
owing to the invasive nature of vitreous biopsy. In the future,
a comparison of NGS data from vitreous, CNS, or other
extraocular sites of a patient using the same NGS panel,
could advance our knowledge regarding clonal diversifica-
tion among anatomic regions and provide new information
in overcoming potential sources of resistance in this disease.

To the best of our knowledge, this is the largest study for
the detection of gene mutation using the NGS gene panel
from the vitreous of patients with VRL. Among conven-
tional diagnostic tests for VRL, NGS of the vitreous liquid
biopsy demonstrated the highest sensitivity. VRL and CNSL
appeared to have both shared and distinct genetic variations
that may suggest site-specific variations from a common
origin.
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