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Abstract

Intraocular cytokines are promising diagnostic biomarkers of vitreoretinal lymphoma. Here, we evaluate the utility of IL-10,
IL-6 and IL-10/IL-6 for discriminating lymphoma from uveitis and report the effects of intraocular methotrexate and
rituximab on aqueous cytokine levels in eyes with lymphoma. This is a retrospective case series including 10 patients with
lymphoma and 7 patients with uveitis. Non-parametric Mann-Whitney analysis was performed to determine statistical
significance of difference in interleukin levels between lymphoma and uveitis. Compared to eyes with uveitis, eyes with
lymphoma had higher levels of IL-10 (U =7.0; two-tailed p = 0.004) and IL-10/IL-6 (U = 6.0; two-tailed p =0.003), whereas IL-6
levels were more elevated, although insignificant, in those patients with uveitis than in lymphoma (U =15.0; two-tailed
p=ns). Using a receiver operating characteristic analysis to identify threshold values diagnostic for lymphoma, optimal
sensitivity and specificity improved to 80.0% and 100%, respectively, for IL-10>7.025 pg/ml and 90.0% and 100.0%,
respectively, for IL-10/IL-6>0.02718. In patients in whom serial interleukin levels were available, regular intravitreal
treatment with methotrexate and rituximab was associated with reduction in IL-10 levels over time. In conclusion, optimal
IL-10 and IL-10/IL-6 threshold values are associated with a diagnostic sensitivity =80% and specificity of 100%. Therefore,
these cytokines may serve as a useful adjunct in the diagnosis of lymphoma. While negative IL-10 and IL-10/IL-6 values do
not exclude a diagnosis of lymphoma, elevated levels do appear to be consistent with lymphoma clinically. Moreover,
elevated levels of IL-10 in the setting of a clinically quiet eye may point to impending disease recurrence. Lastly, once
lymphoma is diagnosed, IL-10 levels can be monitored over time to assess disease activity and therapeutic response.
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Introduction There is currently no optimal diagnostic test for lymphoma,
although the gold standard remains pars plana vitrectomy (PPV)
with cytologic analysis of the vitreous or retina. While highly
sensitive and specific under optimal conditions, cytology 1is
associated with a significant false-negative rate. [6] Considerable
effort has, thus, focused on identifying noninvasive tools to aid in
the diagnosis of lymphoma. These include molecular analysis of
gene rearrangements, immunohistochemistry/flow cytometry
analysis of cell surface markers, and quantification of intraocular
cytokines. Interleukin (IL)-10, a cytokine of interest, is selectively
expressed in malignancy and has been shown to function in
stimulating B-cell antibody production [7] and evading cellular
immunity. [8] Alternatively, IL-6 is elevated in the setting of
inflammation unrelated to malignancy. [9]

Given the expression profiles of these cytokines, prior studies
have sought to identify optimal threshold values of IL-10
[5,9,10,11] and the ratio of IL-10 to IL-6 [10] as indicators of

There are three classes of intraocular lymphoma. Primary
vitreoretinal lymphoma (PVRL), a subset of primary central
nervous system lymphoma (PCNSL), may present with or without
CNS disease at the time of ocular diagnosis. Secondary intraocular
lymphoma occurs due to metastatic spread of systemic lymphoma.
A third, and entirely distinct entity, is primary lymphoma of the
choroid. [1]

Lymphoma often presents with nonspecific symptoms such as
blurred vision and floaters. [2,3] On slit lamp examination, cell
and flare in the anterior chamber and infiltrate in the vitreous and
sub-retinal pigment epithelial space are typical findings. [2]
Patients may even transiently improve after being treated with
topical corticosteroids when the diagnosis is thought to be uveitis,
further confounding the diagnosis. [4] For these reasons, many
patients with lymphoma undergo a protracted workup before a
correct diagnosis is established. [3,5]
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- % malignancy. Levels of IL-10 in the vitreous have been shown to be
£3 P elevated in patients with intraocular lymphoma [5] and signifi-
5 _ Z cantly higher in eyes with lymphoma compared to uveitis. [10] In
2 3 s ¢ % one study, threshold IL-10>100 pg/mL and IL-10/IL-6>1.0
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P glsi5ss |9 PP ¢ 5 S
§ . 8|2252¢s| 5 aqueous IL-10 levels to be similarly higher in lymphoma
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T R 3 vitreous threshold values was done; aqueous IL-10 level >50 pg/
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228 3 Materials and Methods
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% C This study was approved by the Mayo Clinic Institutional
5 o B '§ £ Review Board, Rochester, MN. Informed consent was not
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>3 ° y )
.8 |2 z Reviewer determined that this research satisfies the requirements
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g2 those patients who were ultimately diagnosed with lymphoma and
> ol 2 those who ended up with a diagnosis of uveitis but had suspicious
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&= = e patients diagnosed with uveitis, none have developed evidence of
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. Ex 2 of aqueous humor was removed. Interleukin levels were measured
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8 £ x 28288 patients’ disease and treatment course were recorded.
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Ll 23820 Statistical analysis was performed using GraphPad Prism. [12
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Table 2. Interleukin concentrations and dates of intraocular treatment in patients with vitreoretinal lymphoma (Cases 1-10).
Interleukin-10 Interleukin-6 Treatment dates/
Case # concentration (pg/mL) concentration (pg/mL) treatment regimens Eye exam findings
Case 1 09/08/2010: OD: —;0S: 152.41 09/08/2010:0D: —;0S: 6.9 09/08/2010: OS: A/C: Deep and
quiet; Vitreous: “Some cells trapped
between posterior capsule and
residual hyaloids face; no cells
deeper in vitreous”
01/20/2010:0S: Dexamethasone
400 mcg/0.1 cc
02/02/2010: OS: Dexamethasone
400 mcg/0.1 cc; RTX 1 mg/0.1 cc
02/03/2010: OD: Dexamethasone
320 mcg/0.8 cc; RTX 1 mg/0.1 cc
05/14/2010:
OS: MTX 400 mcg/0.1 cc
09/08/2010: OS: Dexamethasone
400 mcg/0.1 cc; RTX 1 mg/0.1 cc
Case 2 02/17/2011: OS: 0.56 02/17/2011: 0S: 211.79 02/17/2011: OS: A/C: —; Vitreous: 1+
cell
08/15/2007: OD: Dexamethasone
10/17/2007: OD: Dexamethasone
400 mcg
12/15/2007: OD: Dexamethasone
400 mcg; MTX 400 mcg
Case 3 05/20/2010:
OD: MTX 400 mcg/0.1cc
07/09/2010: OD: 2.04; 07/09/2010: OD: 1.67; 07/09/2010: 07/09/2010: OD: A/C: 2+ flare;
0S:72.19 0S: 124.21 OU: MTX 400 mcg/0.1 cc Vitreous: 2+ cell, dense syneresis,
Weiss ring;
OS: A/C: 4+ flare; Vitreous: 2+ cell
Case 4 08/26/2010: OD: 33.74 08/26/2010: OD: 278.75 08/26/2010: 08/26/2010: No eye exam available
OD: MTX 400 mcg/0.1 cc;
RTX 1 mg/0.1 cc
Case 5 02/14/2011:0D: A/C: Deep and
quiet; Vitreous: Trace cells; OS: A/C:
Deep and quiet; Vitreous: 1+ cell
02/21/2011: OD:-; OS: 0.70 02/21/2011: OD:-; OS: 1.67 02/21/2011:
OS: MTX 400 mcg/0.1 cc;
RTX 1 mg/0.1 cc
03/28/2011: OD: 1.73; OS: 0.56 03/28/2011: OD: 20.84; OS: 9.77 03/28/2011: OU: 03/28/2011: Injection only; No eye
MTX 400 mcg/0.1 cc; exam available
RTX 1 mg/0.1 cc
05/05/2011: OD: 1.72; OS: 0.56 05/05/2011: OD: 12.21; OS: 8.63 05/5/2011: 05/05/2011: OD: A/C: Cataract;
OU: MTX 400 mcg/0.1 cc; Vitreous: Some cells pigmented;
RTX 1 mg/0.1 cc OS: A/C: 0.5-1+ cell; Vitreous: 0.5-1+
cell
Case 6 02/2007: OD: Corticosteroids
08/06/2007: OS: RTX 1.25 mg
02/04/2011: OD: 9.59; OS:- 02/04/2011: OD: 356.28; OS:- 02/04/2011: OD: A/C: No cells;
Vitreous: Trace cells; OS: A/C: No
cells; Vitreous: No cells
03/24/2011: OD: —; OS: 0.56 03/24/2011: OD: —; OS: 277.38 03/24/2011: No eye exam available
Case 7 01/11/2010:
OD: MTX 400 mcg/0.1 cc;
RTX 1 mg/0.1 cc
01/19/2010:
OD: MTX 400 mcg/0.1 cc;
RTX 1 mg/0.1 cc
04/8/2010:
OS: MTX 400 mcg/0.1 cc; RTX 1 mg/0.1
cc
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Table 2. Cont.

Aqueous IL-10 Levels in Vitreoretinal Lymphoma

Interleukin-10
Case # concentration (pg/mL)

Interleukin-6
concentration (pg/mL)

Treatment dates/
treatment regimens

Eye exam findings

07/06/2010: OD: 10.77; OS: 34.45

08/16/2010: OD: 1.11; OS: 0.56

11/03/2010: OD: 3.68; OS: 12.81

Case 8

10/11/2010: OD: 9.21; OS:—

10/28/2010: OD: 6.54; OS: 0.56

12/20/2010: OD: 0.56; OS: 0.56

01/26/2011: OD: 2.12; OS: 0.56

03/16/2011: OD: 0.56; OS: 0.56

04/7/2011: OD: 0.56; OS: 0.56

Case 9

PLOS ONE | www.plosone.org

07/06/2010: OD: 359.07;
0S: 960.45

08/16/2010: OD: 85.85;
0OS: 165.03

11/03/2010: OD: 46.03; OS: 96.73

10/11/2010: OD: 10.58; OS:-

10/28/2010: OD: 33.19; OS: 2.93

12/20/2010: OD: 388.67; OS: 1.67

01/26/2011: OD: 9.79; OS: 1.94

03/16/2011: OD: 11.22; OS: 2.22

04/7/2011: OD: 19.55; OS: 6.32

04/22/2010: OD:
MTX 400 mcg/0.1 cc;
RTX 1 mg/0.1cc

07/06/2010: OU:
MTX 400 mcg/0.1 cc;
RTX 1 mg/0.1 cc

08/16/2010: OU: RTX 1 mg/0.1 cc

11/3/2010:
OU: MTX 400 mcg/0.1 cc;
RTX 1 mg/0.1 cc

01/01/2009: OU: RTX 1 mg/0.1 cc

01/26/2009:
OU: Ttriamcinolone 4 mg

02/03/2009: OU: RTX 1 mg/0.1 cc

10/11/2010: OD: Dexamethasone
400 mcg/0.1cc;

MTX 400 mcg/0.1 cc;

RTX 1 mg/0.1 cc

10/28/2010: OU: Dexamethasone
400 mcg/0.1 cc;

MTX 400 mcg/0.1 cc;

RTX 1 mg/0.1 cc

11/11/2010:
OU MTX 400 mcg/0.1 cc

11/18/2010:
OU: RTX 1 mg/0.1 cc

11/29/2010:
OU: MTX 400 mcg/0.1 cc

12/20/2010:
OU: RTX 1 mg/0.1 cc

1/26/2011:
OU: MTX 400 mcg/0.1 cc

02/22/2011:
OU: MTX 400 mcg/0.1 cc;
RTX 1 mg/0.1 cc

03/16/2011:
OU : MTX 400; mcg/0.1 cc;
RTX 1 mg/0.1 cc

04/07/2011:
MTX 400 mcg/0.1 cc;
RTX 1 mg/0.1 cc

01/18/2010:
OD: MTX 400 mcg in 0.08 cc;
RTX 1 mg/0.08 cc

01/20/2010:
OS: MTX 400 mcg/0.08 cc;
RTX 1 mg/0.08 cc

01/17/2011:
OU: MTX 200 mcg/0.1 cc;
RTX 1 mg/0.1 cc

07/06/2010: OD: A/C: Deep and
quiet; Vitreous: 2 to 3+ cells; OS: A/C:
Deep and quiet; Vitreous: 2+ cells

08/16/2010: OD: A/C: Deep and
quiet; Vitreous: 2+ cells (better than
before); OS: A/C: Deep and quiet;
Vitreous: 1+ cells

11/03/2010: OD: A/C: Deep and
quiet; Vitreous: 2+ cells (not
improving);0S: A/C: Deep and quiet;
Vitreous: 2+ cells

10/11/2010: No eye exam available

10/28/2010 : Injection only; No eye
exam available

12/20/2010: Injection only; No eye
exam available

1/26/2011: OD: A/C : Rare cells;
Vitreous: 1+ cells in the mid vitreous,
skirt seen; OS: A/C Deep and quiet;
Vitreous: Trace pigmented and white
cells, post vitreous detachment

03/16/2011: OD: A/C: Rare cells;
Vitreous: No cells; OS: A/C: Deep and
quiet; Vitreous: Pigmented cells; rare
white cells

04/07/2011: OD: A/C: Rare cells;
Vitreous: No cells; OS: A/C: Deep and
quiet; vitreous: Pigmented cells; rare
white cells
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Table 2. Cont.

Aqueous IL-10 Levels in Vitreoretinal Lymphoma

Interleukin-10 Interleukin-6

Treatment dates/

05/06/2011: OD: 381.44; OS:-

04/12/2011: OD: 263.9; OS: 151.29  04/12/2011: OD: 24.16; OS: 24.22

05/06/2011: OD: 128.3; OS: -

Case # concentration (pg/mL) concentration (pg/mL) treatment regimens Eye exam findings
02/09/2011: OD: A/C: Trace to 1+
cells; Vitreous: Post vitreous
detachment, 3+ vitreous cells; OS: A/
C: Trace cells; Vitreous: Post vitreous
detachment, 1+ vitreous debris
02/11/2011: OD: 21.75 02/11/2011: OD: 1215 02/11/2011:
OD: MTX 400 mcg/0.1 cc;
RTX 1 mg/0.1 cc
02/23/2011: OD: 1.48; OS: 2.04 02/23/2011: OD: 102.28; OS: 136.78 02/23/2011: 02/23/2011: Injection only; No eye
OU: MTX 400/0.1 cc; exam available
RTX 1 mg/0.1 cc
02/28/2011:
OS: Ceftazidine 2.25 mg/0.1 cc;
Vancomycin 1000 mcg/0.1 cc
03/23/2011: OD: 1.59; OS: 0.56 03/23/2011: OD: 33.99; OS: 25.36  03/23/2011: 03/23/2011: OD: A/C: 2+ cell, 1+
OU: MTX 400 mcg/0.1 cc flare, 1+ NS; Vitreous: ?; OS: A/C: 1-
2+ cell; 1+ NS; Vitreous: 2+ cell
04/13/2011: OD: 0.56; OS: 0.56 04/13/2011: OD: 9.25; OS: 4.91 04/13/2011: 04/13/2011: OD: A/C: 3+ NS;
OU: MTX 400/0.1 cc Vitreous: No infiltrates; OS: A/C: 2+
NS; Vitreous: No infiltrates
Case 10 02/24/2011: OD: 97.38; OS: 96.85  02/24/2011: OD: 14.29; OS: 27.12 02/24/2011: No eye exam available

04/12/2011: OD: A/C: Deep and
quiet; Vitreous: Significant anterior
vitreous cells mixed with residual
anterior vitreous sheath; OS: A/C:
Deep and quiet; Vitreous: Rare
vitreous cells present

05/06/2011: OD: A/C: Rare white
cells; Vitreous: Anterior hyaloids face
densely covered with white cells: OS:
A/C: No cells, rare white cells;
Vitreous: No cells

05/06/2011:
OD: MTX 400 mcg/0.1 cc;
RTX 1 mg/0.1 cc

doi:10.1371/journal.pone.0065627.t002

Results

A review of medical records was completed, and aqueous levels
of IL-10 and IL-6 from 10 patients with diffuse large B cell
vitreoretinal lymphoma and 7 patients with uveitis are reported.
See Table 1 for lymphoma case histories, Table 2 for dates of
intraocular treatment and IL levels in patients with lymphoma,
and Table 3 for uveitis case histories and IL levels.

The threshold of sensitivity for the IL-10 and II-6 assays was
1.0 pg/mL and 4.88 pg/mL, respectively. Interleukin-10 levels
<0.56 pg/mL and IL-6 levels <1.67 pg/mL represented concen-
trations below the lower boundary of detectable for our assay;
therefore, these values were used in our analysis to represent
undetectable levels for the respective cytokine. Selecting the
highest IL-10 and lowest IL-6 level for each patient with
lymphoma and the lowest IL-10 and highest IL-6 level for each
patient with uveitis yielded a total of 10 data points from 10
patients with lymphoma and 7 data points from 7 patients with
uveitis. Interleukin levels were tabulated for each group and are
reported in Table 4 along with mean, median, and range values.

PLOS ONE | www.plosone.org

A/C Anterior chamber, MTX Methotrexate, OD Oculus dexter, OS Oculus sinister, OU oculus uterque RTX Rituximab.

Statistical Analysis

ROC analysis with estimate of areas under the curves was
completed to identify threshold values of IL-10 (Fig. la), IL-6
(Fig. 1b), and IL-10/1L-6 (Fig. 1c). Area under the ROC curve was
0.900 for IL-10 (95% CI, 0.744-1.0; p=0.006), 0.786 for IL-6
(95% CI, 0.563-1.0 p=ns), and 0.914 for IL-10/1L-6 (95% CI,
0.751-1.0; p=0.005). Sensitivity, specificity, and likelihood ratio
are reported for discrete threshold values of IL-10 (Table 5), IL-6
(Table 6), and IL-10/1L-6 (Table 7) as derived by GraphPad
Prism.

Additionally, we analyzed each cytokine marker to see if a
significant difference in the distribution of IL values exists between
eyes with lymphoma and uveitis. In a rank-sum test, IL-10 values
were significantly higher in eyes with lymphoma than uveitis
(U=7.0; two-tailed p=0.004). Similarly, IL-10/IL-6 levels were
significantly elevated in eyes with lymphoma (U =6.0; two-tailed
p = 0.003). Conversely, there was no significant difference in IL-6
levels between the lymphoma and uveitis groups (U= 15.0; two-
tailed p =ns). The distribution of all available IL-10, IL-6, and IL-
10/IL-6 values for each patient with lymphoma, including
multiple data points from the same eye, is graphically depicted
in Fig. 2a, Fig. 2b, and Fig. 2c, respectively. Similarly, the
distribution of all available IL-10, IL-6, and IL-10/IL-6 levels in
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Table 4. Interleukin concentrations in patients with lymphoma and uveitis.

[IL-10] (pg/ml) [IL-6] (pg/ml) IL-10/IL-6
Lymphoma Uveitis Lymphoma Uveitis Lymphoma Uveitis

1 0.56 0.56 1.67 28.33 0.002644 0.002272

2 1.73 0.56 1.67 72.73 0.0346 0.003065

3 9.21 0.56 4.91 95.18 0.12104 0.004875

4 9.59 0.56 6.9 114.87 0.7484 0.006006

5 21.75 0.69 9.79 246.41 0.9408 0.007249

6 33.74 2.87 14.29 805.91 1.0359 0.0077

7 34.45 4.84 46.03 936.24 4.4297 0.019767

8 72.19 211.79 22.088

9 152.41 277.38 26.693

10 381.44 278.75 43.228
Mean=71.71 pg/mL Mean=1.52 pg/mL Mean =85.32 pg/mL Mean =328.52 Mean =9.93 Mean =7.28e-3
Median=27.75 pg/mL Median=0.56 pg/mL  Median=12.04 pg/mL Median=114.87 Median=0.988 Median=6.01e-3
Range =0,56-381.44 Range =0.56-4.84 Range=1.67-278.75 Range =28.33-936.24 Range =0.002644- Range =0.002272-
pg/mL pg/mL pg/mL 43.23 0.019767

doi:10.1371/journal.pone.0065627.t004

uveitis patients is represented in Fig. 3a, Fig. 3b, and Fig. 3c,
respectively. However, the Mann-Whitney calculations above
were based on the selected data points as outline in the Materials
and Methods section.

Effect of Intravitreal Methotrexate (MTX) and Rituximab
(RTX) on IL-10 Levels

Interleukin-10, IL-6, and IL-10/IL-6 response to treatment with
intraocular MTX and RTX are reported in three patients. In two
cases (Cases 8 & 9), serial intraocular treatment was associated
with reduction in aqueous IL-10 levels over time. In a third case
(Case 10), IL-10 levels increased steadily in the absence of
treatment.

Case Examples

Case 8. A 54-year-old man with systemic lymphoma under-
went induction chemotherapy with high-dose MTX and six cycles
of R-CHOP chemotherapy, followed by consolidation with
BEAM conditioning and autologous stem cell transplant (SCT)
in March 2009 to complete remission. In October 2008, he was
diagnosed with vitreoretinal lymphoma and treated with periodic
intraocular RTX  with good clinical response. The patient
developed relapse of ocular lymphoma in October 2010 and was
treated with intraocular MTX, RTX, and corticosteroids. The IL-
10 level was elevated in the right eye at the time of ocular relapse
but declined to undetectable levels by March 2011 while receiving
intraocular treatment. Interleukin-10 levels remained undetectable
in the fellow eye. The patient has since been in complete
remission. Interleukin-10, IL-6, and IL-10/IL-6 response to
intravitreal treatment is displayed in graph form (Fig. 4a—c).

Case 9. A 68-year-old woman with history of breast cancer
and CNS lymphoma, diagnosed in July 2009, underwent
induction chemotherapy with high-dose MTX to complete
remission, followed by consolidation with BEAM conditioning
and autologous SC'T in January 2010. In December 2009, she was

PLOS ONE | www.plosone.org 13

seen by an outside provider for ocular symptoms and treated with
corticosteroids for presumed optic neuritis. Upon presenting to us
in January 2010, the patient was clinically diagnosed with
vitreoretinal lymphoma and initiated on maintenance intraocular
MTX and RTX for bilateral disease. Pars plana vitrectomy in the
right eye in February 2011 confirmed the diagnosis of diffuse large
B cell lymphoma. The IL-10 level in the right eye was markedly
elevated at the time of PPV and minimally elevated in the left eye
later that month. While receiving intraocular treatment, there was
a steady decline in IL-10 to undetectable levels by April 2011 in
both eyes. Incidentally, after receiving an intraocular injection in
February, the patient developed a self-resolving post-injection
sterile endophthalmitis in the left eye. Interleukin-10, IL-6, and IL-
10/IL-6 response to intravitreal treatment is displayed in graph
form (Fig. 5a—c).

Case 10. A 72-year-old woman, diagnosed with bilateral
PVRL by PPV at an outside provider in September 2010, did not
receive intraocular treatment prior to her first visit to our clinic in
December 2010. Between February and May 2011, IL-10 levels
increased markedly in both eyes. In May, the patient again
presented to our clinic with worsening vision. Pars plana
vitrectomy at that time confirmed PVRL, and intraocular M'TX
and RTX were administered intraoperatively. Also at this time,
the patient was diagnosed with new CNS disease and subsequently
underwent six cycles of systemic temozolomide, MTX and RTX
with complete response of the CNS lymphoma. The patient
underwent PPV in September 2011, followed by treatment with
intraocular MTX and RTX in both eyes at her outside provider in
November 2011. The patient developed active ocular disease in
December 2011 but did not receive intraocular treatment by her
provider due to intraocular pressure spike following injections.
Interleukin-10, IL-6, and IL-10/IL-6 response to intravitreal
treatment is displayed in graph form (Fig. 6a—c).
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Figure 1. Empirical ROC curve using IL threshold values. a) IL-10
ROC curve, b) IL-6 ROC curve, c) IL-10/IL-6 ROC curve. The vertical axis
represents the true positive rate (sensitivity), and the horizontal axis
represents the false positive rate (1-specificity). The curve was
generated by dichotomizing IL values into one of two groups (i.e.,
lymphoma vs. no lymphoma) to determine statistical indices associated
with discrete threshold values.

doi:10.1371/journal.pone.0065627.g001

Discussion

Intravitreal lymphoma represents a vision and potentially life-
threatening ophthalmic condition. Early diagnosis and treatment
is, therefore, important. The current gold standard for diagnosis of
lymphoma is pars plana vitrectomy with retinal or choroidal
biopsy. However, more recent studies have focused on identifying
less invasive methods (e.g., intraocular cytokines) of diagnosing
lymphoma and monitoring therapeutic response. The goal of our
study was to identify optimal diagnostic sensitivities and specificities
for specific cytokines IL-10, IL-6, and IL-10/IL-6. Prior studies,
have demonstrated elevated IL-10 levels in patients with
lymphoma [5,9,10,11] as well as elevated IL-10/IL-6 levels in
lymphoma compared to uveitis. [9,10,11].

Our findings demonstrate that aqueous levels of IL-10 and IL-
10/IL-6 are elevated in lymphoma compared to uveitis.
Conversely, IL-6 levels did not demonstrate any statistical
difference between those patients with uveitis and those with
lymphoma, although they tended to be higher in eyes with uveitis.
Additionally, in our study, both IL-10 and IL-10/IL-6 cytokine
markers were moderately accurate tools for discriminating
lymphoma from uveitis. Indeed, when optimal threshold values
are utilized, combined sensitivity =80% specificity = 100% are
achievable for both cytokines. Importantly, in the cases where
follow-up was available, aqueous levels of I1-10 and, to a lesser
extent, IL-10/IL-6 correlated well with disease activity and
treatment response.

In our analysis, we selected the highest I1-10 and lowest 1L-6
values in each patient with lymphoma and the lowest IL-10 and
highest IL-6 values in each patient with uveitis. Multiple data
points from the same eye were, in this way, excluded. Potential
threshold values for each of the cytokine markers were then
generated using ROC curves. Although this method would
naturally overestimate sensitivity and specificity for our cytokines,
given the relatively small sample size of our study, this method
allowed us to identify the best diagnostic sensitivity and specificity
associated with threshold values in our assay for these given
markers. This was also the preferred method since patients had
anterior chamber sampling done at various times throughout their
care and not all patients had aqueous measurements taken at the
time of diagnosis.

Unfortunately, many patients undergo a protracted workup
period before obtaining an accurate diagnosis. One reason for this
1s that signs and symptoms of lymphoma can be quite nonspecific;
also, patients can transiently respond to intraocular steroids if they
are treated under the presumption of having uveitis, further
confounding the diagnosis. In light of this, our study did not
exclude patients who had already been treated either for
lymphoma or uveitis or who had already received a diagnosis
prior to being referred to our clinic. Instead, we included all-
comers being evaluated for lymphoma within an 18-month period.

As a whole, IL-10 levels were found to parallel clinical findings
quite well. However, there was one notable case in which IL levels
deviated from clinical exam findings. In Case 10, the patient had
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an IL-10 concentration =151.29 pg/mlL but was clinically noted
to have only rare cells in the vitreous. However, this patient went
on to develop recurrent lymphoma months later and likely
represented a case of smoldering lymphoma. This demonstrates
the difficulty of using only clinical parameters to diagnose
lymphoma and the utility of IL levels as an adjunct.

Despite the finding that IL-10 levels were consistently more
elevated in lymphoma relative to uveitis, there was sufficient
overlap in the range of values, especially at the lower end of the
assay, such that a diagnosis of lymphoma likely cannot be excluded
on the basis of minimally elevated or even undetectable levels of

Table 5. Statistical indices for threshold values of IL-10 for discriminating lymphoma from uveitis.

Cutoff Sensitivity% 95% CI Specificity% 95% CI Likelihood ratio
>0.6250 90.00 55.50% to 99.75% 57.14 18.41% to 90.10% 2.100
>1.210 90.00 55.50% to 99.75% 71.43 29.04% to 96.33% 3.150
>2.300 80.00 44.39% to 97.48% 7143 29.04% to 96.33% 2.800
>3.855 80.00 44.39% to 97.48% 85.71 42.13% to 99.64% 5.600
>7.025 80.00 44.39% to 97.48% 100.0 59.04% to 100.0%

>9.400 70.00 34.75% to 93.33% 100.0 59.04% to 100.0%

>15.67 60.00 26.24% to 87.84% 100.0 59.04% to 100.0%

>27.75 50.00 18.71% to 81.29% 100.0 59.04% to 100.0%

>34.10 40.00 12.16% to 73.76% 100.0 59.04% to 100.0%

>53.32 30.00 6.674% to 65.25% 100.0 59.04% to 100.0%

>1123 20.00 2.521% to 55.61% 100.0 59.04% to 100.0%

>266.9 10.00 0.2529% to 44.50% 100.0 59.04% to 100.0%

Cl Confidence Interval.

doi:10.1371/journal.pone.0065627.t005

IL-10. However, elevated 1L-10 and IL-10/IL-6 values are
indicative of lymphoma. As demonstrated by Case 10, elevated
levels of IL-10, even in an otherwise clinically quiescent eye, may
suggest impending disease recurrence; clinical disease severity
should be monitored closely.

Our study was limited by small sample sizes in all groups.
Therefore, further studies are warranted, such as screening
interleukin levels at the time of initial presentation; however, this
study adds further credence to the accumulating evidence of the
utility of aqueous IL-10 levels as a diagnostic adjunct in evaluating
lymphoma. To make the diagnosis by the use of only the IL-10

Table 6. Statistical indices for threshold values of IL-6 for discriminating lymphoma from uveitis.
Cutoff Sensitivity% 95% CI Specificity% 95% CI Likelihood ratio
<3.290 20.00 2.521% to 55.61% 100.0 59.04% to 100.0%
<5.905 30.00 6.674% to 65.25% 100.0 59.04% to 100.0%
<8.345 40.00 12.16% to 73.76% 100.0 59.04% to 100.0%
<12.04 50.00 18.71% to 81.29% 100.0 59.04% to 100.0%
<2131 60.00 26.24% to 87.84% 100.0 59.04% to 100.0%
<37.18 60.00 26.24% to 87.84% 85.71 42.13% to 99.64% 4.200
<59.38 70.00 34.75% to 93.33% 85.71 42.13% to 99.64% 4.900
<83.96 70.00 34.75% to 93.33% 71.43 29.04% to 96.33% 2.450
<105.0 70.00 34.75% to 93.33% 57.14 18.41% to 90.10% 1.633
<163.3 70.00 34.75% to 93.33% 42.86 9.899% to 81.59% 1.225
<229.1 80.00 44.39% to 97.48% 42.86 9.899% to 81.59% 1.400
<261.9 80.00 44.39% to 97.48% 28.57 3.669% to 70.96% 1.120
<278.1 90.00 55.50% to 99.75% 28.57 3.669% to 70.96% 1.260
<5423 100.0 69.15% to 100.0% 28.57 3.669% to 70.96% 1.400
<871.1 100.0 69.15% to 100.0% 14.29 0.3610% to 57.87% 1.167
Cl Confidence Interval.
doi:10.1371/journal.pone.0065627.t006
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level is most likely not possible at the present time with the assay as
we use it. However, it can serve as a useful adjunct to conventional
methods of diagnosis and, as shown, for monitoring disease
progression and response to treatment. The use of a combination
of the cytokine profiles IL.-10/IL-6 and IL-10/IFN-gamma was
recently shown to be quite effective as a diagnostic adjunct for
discriminating lymphoma from uveitis. [13] However, although
IL-10/IL-6 was found to be slightly higher in patients with
lymphoma, this was not consistently the case in all patients, again
suggesting an important role of cytokines as an adjunct for
diagnosing lymphoma.

Intraocular MTX and RTX are highly efficacious in the
treatment of lymphoma. The latter drug directly targets the B-cell
lineage [4] and minimizes side effects associated with MTX.
[14,15] Few studies have monitored the response in interleukin
levels to intraocular injections of MTX and/or Rituximab. [16,17]
In one study, which measured IL-10 and IL-6 levels in undiluted
aqueous humor before and after completion of intraocular
treatment with MTX (weekly 400 ug/50 mL for 6 weeks), the
IL-10/1IL-6 ratio decreased over the span of the treatment. [16] A
similar drop in IL-10/IL-6 after treatment with intravitreal MTX
was generally shown in a recent retrospective study reporting
MTX resistance in a patient with lymphoma undergoing regular
injections with the drug. [18] A more recent study demonstrated
the effect of regular intravitreal injections with MTX on aqueous
levels of IL-10. [19] This study showed that undetectable levels
could be obtained with regular injections and that spikes in IL-10
could correlate with disease recurrence. Our findings help to
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Table 7. Statistical indices for threshold values of IL-10/IL-6 for discriminating lymphoma from uveitis.

Cutoff Sensitivity% 95% CI Specificity% 95% CI Likelihood ratio
>0.002458 100.0 69.15% to 100.0% 14.29 0.3610% to 57.87% 1.167
>0.002855 90.00 55.50% to 99.75% 14.29 0.3610% to 57.87% 1.050
>0.00397 90.00 55.50% to 99.75% 28.57 3.669% to 70.96% 1.260
>0.005440 90.00 55.50% to 99.75% 42.86 9.899% to 81.59% 1.575
>0.006627 90.00 55.50% to 99.75% 57.14 18.41% to 90.10% 2.100
>0.007474 90.00 55.50% to 99.75% 7143 29.04% to 96.33% 3.150
>0.01373 90.00 55.50% to 99.75% 85.71 42.13% to 99.64% 6.300
>0.02718 90.00 55.50% to 99.75% 100.0 59.04% to 100.0%

>0.07782 80.00 44.39% to 97.48% 100.0 59.04% to 100.0%

>0.4347 70.00 34.75% to 93.33% 100.0 59.04% to 100.0%

>0.8446 60.00 26.24% to 87.84% 100.0 59.04% to 100.0%

>0.9884 50.00 18.71% to 81.29% 100.0 59.04% to 100.0%

>2.733 40.00 12.16% to 73.76% 100.0 59.04% to 100.0%

>13.26 30.00 6.674% to 65.25% 100.0 59.04% to 100.0%

>24.39 20.00 2.521% to 55.61% 100.0 59.04% to 100.0%

>34.96 10.00 0.2529% to 44.50% 100.0 59.04% to 100.0%

Cl Confidence Interval.

doi:10.1371/journal.pone.0065627.t007

confirm the usefulness of following IL-10 levels in patients being
treated for vitreoretinal lymphoma. Considering that the present
technique of determining the amount of vitreous cells present is
not very quantitative, this would be a useful adjunct. Though IL-
10 levels can be elevated in uveitis, the adjunctive use in following
treatment effects in patients with vitreoretinal lymphoma makes
the determination of the levels important. [20] This finding
suggests that intraocular cytokine analysis may be valuable not
only for diagnosis but also for monitoring therapeutic response.

We have, herein, described two cases of lymphoma in which
treatment with intraocular M'TX and RTX was shown to decrease
IL-10 concentrations to undetectable levels over time. Interleukin-
6 and IL-10/1L-6 levels were less reliable indicators of response to
therapy. Both patients had already completed systemic therapy
when IL-10 levels were measured; therefore, any confounding
effect by systemic therapy is unlikely. In another patient who did
not receive intraocular therapy, IL-10 levels were markedly
elevated and continued to increase over time. We have addition-
ally indicated that IL-10 levels appear to correlate quite well with
severity of vitreous cell (Table 2 and Table 3). Where there is
discrepancy between interleukin levels and the clinical severity of
the disease, the clinician should consider all of the available data
when considering overall clinical response to therapy. As
mentioned previously, elevated IL-10, even in the setting of a
quiescent eye, may suggest disease recurrence. When a diagnosis
of lymphoma is established, serial measurements of IL-10 is
promising as a quantitative tool for monitoring disease status and
therapeutic efficacy.
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Figure 2. Distribution of IL values in patients with vitreoretinal lymphoma. a) IL-10, b) IL-6, c) IL-10/IL-6. The vertical axis represents IL
concentration or, in the case of IL-10/IL-6, the IL-10/IL-6 ratio. Black dots represent data points from individual dates of paracentesis. Red dots
represent those IL values during the month of diagnosis of ocular disease whereas blue dots represent those IL values at the time of disease relapse.
The dashed line represents the assay’s threshold of sensitivity, which for IL-10 is 1.0 pg/mL and for IL-6 is 4.88 pg/mL.
doi:10.1371/journal.pone.0065627.9002

PLOS ONE | www.plosone.org 17 June 2013 | Volume 8 | Issue 6 | €65627



Aqueous IL-10 Levels in Vitreoretinal Lymphoma

A IL-10 Levels in Uveitis Patients
6 2T
o
&y 44
£
<
= @
o
o 24
® o® 29 ® ®
0 I 1 I 1 1 I 1
1" 12 13 14 15 16 17
Case
B IL-6 Levels in Uveitis Patients
1000 -
©
800 — o
T 600+
>
o
@ 400 -
-
200 o®
[+ © . o
0 I ] | 1 _’ I ]
1" 12 13 14 15 16 17
Case
C IL-10/IL-6 Levels in Uveitis Patients
0.04
5]
—~ 0.03
=£
£
[@)]
&
© 0.02- &
=
S
= 0.01-
8]
o °® &
©® o
000 I ] | ] ] I ]
i1 12 13 14 15 16 17
Case

Figure 3. Distribution of IL values in patients with uveitis. a) IL-10, b) IL-6, c) IL-10/IL-6. The vertical axis represents IL concentration or, in the
case of IL-10/IL-6, the IL-10/IL-6 ratio. Black dots represent data points from individual dates of paracentesis. The dashed line represents the assay’s
threshold of sensitivity, which for IL-10 is 1.0 pg/ml and for IL-6 is 4.88 pg/mL.

doi:10.1371/journal.pone.0065627.g003
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Figure 4. IL concentrations and timing of intraocular treatment in a patient with unilateral lymphoma (Case 8). a) IL-10, b) IL-6, c) IL-10/

IL-6. The vertical axis represents IL levels. Red arrows indicate intraocular treatment in the right eye, and blue diamonds indicate intraocular treatment
in the left eye.

doi:10.1371/journal.pone.0065627.9004
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Figure 5. IL concentrations and timing of intraocular treatment in a patient with bilateral lymphoma (Case 9). a) IL-10, b) IL-6, c) IL-10/
IL-6. The vertical axis represents IL levels. Red arrows indicate intraocular treatment in the right eye, and blue diamonds indicate intraocular treatment
in the left eye.
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Figure 6. IL concentrations and timing of intraocular treatment in a patient with bilateral lymphoma (Case 10). a) IL-10, b) IL-6, c) IL-10/
IL-6. The vertical axis represents IL levels. Red arrows indicate intraocular treatment in the right eye, and blue diamonds indicate intraocular treatment
in the left eye.
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