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Abstract

e AIM: To investigate the value of cytokine analysis
in aqueous humor (AH) for discriminating vitreoretinal
lymphoma (VRL) from uveitis and for evaluating the efficacy
of intravitreal methotrexate (MTX) injections.

e METHODS: This retrospective study was done on 28 VRL
patients between 2013 and 2019. AH interleukin (IL)-10,
IL-6, IL-8, vascular endothelial growth factor (VEGF), and
vascular cell adhesion molecules (VCAM) were measured
in 28 VRL patients and 38 uveitis patients. As to the
respective examinations for distinguishing VRL from
uveitis, the diagnostic accuracy was evaluated by receiver
operating characteristic (ROC) curve analysis. The response
to treatment was monitored by observing changes in best-
corrected visual acuity (BCVA), ocular manifestation, and
AH cytokine levels in 21 patients with VRL who had undergo
multiple intravitreal injections of MTX.

e RESULTS: Compared with uveitis patients, VRL patients
had higher IL-10 level (P<0.001) and IL-10/IL-6 ratio
(P<0.001), whereas patients with uveitis had significantly
higher IL-6 level than those with VRL (P=0.003). An ROC
analysis was used to identify the diagnostic threshold
values for VRL, and it was found that optimal sensitivity and
specificity improved to 94.1% and 100%, respectively, for
IL-10/1L-6>1.55 and 88.2% and 81.1%, respectively,
for IL-10>76.7 pg/mL. In 21 patients who had undergo
repeated injections, improvements in BCVA, clinical
remission of VRL and continuous decrease in cytokine
levels over time were observed. In those patients, the BCVA
correlated with the aqueous levels of IL-10 and IL-6 during
the course of disease treatment.

e CONCLUSION: The combination of the aqueous
cytokine profiles can be instrumental for conventional

diagnostic methods and for progression monitoring and
treatment response.

o KEYWORDS: vitreoretinal lymphoma; intraocular
lymphoma; primary central nervous system lymphoma;
cytokine; methotrexate

DOI:10.18240/ijo.2022.12.01

Citation: Kang H, Tao Y. Clinical utility of cytokine analysis in the
diagnosis and efficacy monitoring of vitreoretinal lymphoma. Int J
Ophthalmol 2022;15(12):1893-1902

INTRODUCTION

rimary vitreoretinal lymphoma (PVRL) is a subgroup
P of primary central nervous system lymphoma (PCNSL)
that mainly affects the vitreous and retina of the eye. PVRL
is a relatively rare disease, but the most common form of
intraocular lymphoma'". Vitreoretinal lymphoma (VRL) is
a B-cell non-Hodgkin lymphoma in 95% of patients, mainly
diffusing the large B-cell lymphoma (DLBCL) subtype. PVRL
often masquerades as chronic uveitis, which is always manifest
as vitritis and/or alone posterior uveitis, and therefore PVRL
may be associated with diagnostic delay and misdiagnosis®.
Early accurate diagnosis should be given not only for PVRL,
but more importantly for the explicit goal of ameliorating the
overall PCNSL-surviving rate. Some studies reported that
69%-90% of PVRL patients gradually fall victim to central
nervous system (CNS) lymphoma in the following 29mo™, with
a considerable morbidity and a high mortality"”. At present,
PVRL remains a disease of poor prognosis. In general, owing
to delays in diagnosis and lack of appropriate therapies, less than
25% of the patients will be alive after five years of progression®.
The gold standard for PVRL diagnosis is cytological
examination of vitreous. However, PVRL vitreous cytologic
diagnosis is difficult because of the technical difficulties in
preserving vitreous specimens, the effect of corticosteroids
administered, the high vulnerability of lymphoma cells, and the
high dependence on skilled cytopathologists, etc'”. Therefore,
several supplementary diagnostic methods, such as those based
on cytokine level analysis, molecular analysis, flow cytometry,
immunohistochemistry, and polymerase chain reaction (PCR),
are currently used to assist the clinical diagnosis of VRL™"",
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Among previous literatures that compared diagnostic value
of cytology, PCR and cytokines, cytokine analysis has been
regarded as the most sensitive method to diagnose VRL"'"".
Secreted by malignant B lymphocytes, interleukin (IL)-10
further promotes the proliferation of these cells in intraocular
lymphoma and CNS lymphoma!"*. IL-6 levels are associated
with nonmalignant intraocular inflammation, and multiple
studies have shown that the IL-10/IL-6 ratio greater than 1.0
can be used as a diagnostic tool for lymphoma"*. In a word,
cytokine analysis was superior to conventional procedures
used in screening and diagnosing PVRL patients.

In this retrospective study, the clinical features and intraocular
cytokine profiles of VRL in 41 eyes (28 patients) were
investigated, with special attention paid to the diagnostic
value of IL-10 levels and IL-10/IL-6 ratio in VRL patients.
The therapeutic efficacy of intravitreal methotrexate (MTX)
injection was also monitored by combining best-corrected
visual acuity (BCVA), ocular manifestation and changes of
intraocular cytokines. The results may be clinically helpful
to give early and accurate diagnosis of PVRL, and to guide
the further development of more precise and personalized
therapeutic strategies.

SUBJECTS AND METHODS

Ethical Approval The Institutional Review Board approved
this retrospective study (No.2018-4-3-3). The vitreous biopsy
and its purpose were explained to all the patients and their
informed consent was obtained. It was only after securing
their informed consent and the Ethics Committee’s approval
that the aqueous humor (AH) samples of all the patients were
obtained. All procedures were conducted in accordance with
the principles of the Declaration of Helsinki.

Patients and Samples A total of 28 patients suffering
from unilateral or bilateral VRL were recruited from the
Ophthalmology Department of the Capital Medical University
affiliated Beijing Chaoyang Hospital between April 2013 and
August 2019. A retrospective study was performed consequently.
Clinical data (including demographic data, medical history, course
of disease from onset to diagnosis, ocular clinical manifestations,
ocular complications, etc), imaging results, and laboratory
examination results of each patient were reviewed in detail.
The uveitis group consisted of 38 patients with diagnosed
uveitis [16 acute retinal necrosis (ARN) patients''”, 16 Fuchs’
uveitis syndrome patients''”, and 6 Vogt-Koyanagi-Harada
(VKH) disease patients'""]. There was no evidence of VRL or
CNS lymphoma in those patients diagnosed with uveitis.

None of the VRL patients had immunodeficiency, human
immunodeficiency virus-positive or T-cell lymphoma. During the
follow-up, all patients with primary ocular lesions underwent
cranial magnetic resonance imaging (MRI) and/or computed
tomography (CT) scans to detect CNS involvement.

1894

The diagnosis was determined by a comprehensive analysis
of the patients’ typical clinical manifestations, the results of
the vitreal and AH samples, and the history of a PCNSL. VRL
was not diagnosed until the clinical suspicion was confirmed
according to vitreal or brain cytology. A combination of
clinical and radiologic (MRI/CT) findings, which were
confirmed by a brain biopsy, helped the neuro-oncology team
achieve the diagnosis of PCNSL. The vitreous samples were
collected by diagnostic vitrectomy. The vitreous samples were
centrifuged and the concentrated cells were then submitted
for histopathological examination. Parts of additional vitreous
samples obtained by vitreous cutters were used for IgH gene
rearrangement analysis.

All suspected VRL patients were diagnosed and treatment
began within one month. All VRL patients were treated by
intravitreal injection of MTX. After topical anaesthesia with
opulvacaine hydrochloride drops, 400 mg/0.1 mL of MTX
was injected at the level of the pars plana with a 30-gauge
needle. At each follow-up after treatment, the ophthalmologic
examination included measurements of BCVA and intraocular
pressure (IOP), inflammatory responses in the anterior chamber
and vitreous cavity, and malignant cellular infiltration in the
retina and/or optic nerve head. BCVA was tested by using a
Snellen chart, and transformed logarithm of the minimum
angle of resolution (logMAR) values!"”".

Treatment was decided by the comprehensive assessment of
an experienced ophthalmologist individually according to
the clinical symptoms, ocular manifestation, ophthalmologic
imaging and intraocular cytokine levels. We monitored changes
in BCVA, IOP, anterior chamber inflammatory response, and
intraocular cytokine levels before and one week after each
intravitreal MTX injection.

Aqueous Humor Cytokine Analysis All patients underwent
anterior chamber paracentesis (ACP) during or before surgery
and 100 puL of AH was extracted for cytokine measurement.
All AH samples were immediately stored at 4°C and brought
to the laboratory for cytokine and cell analysis. AH cytokines [IL-
10, IL-6, IL-8, vascular endothelial growth factor (VEGF) and
vascular cell adhesion molecules (VCAM)] were examined by
using CBA with BD FACSCantoll flow cytometry.

Statistical Analysis The distribution of cytokine levels
between VRL and uveitis were compared by using a non-
parametric analysis (Mann-Whitney U tests). The sensitivity
and the specificity of cytokines IL-10, IL-6, IL-8, VEGF,
VCAM, and IL-10/IL-6 ratio in the diagnosis of VRL were
illustrated by using the receiver operator characteristic (ROC)
curves. Moreover, the area under the ROC curve (AUC) was
calculated and the AUC of more than 0.7 units was considered
to be positive. The Youden index defined as (sensitivity) +
(specificity) -1, was used as a simple descriptive synthesis of
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sensitivity and specificity. Statistical comparisons between
before and after treatment were performed by the Wilcoxon
signed rank sum test. The Spearman rank correlation
coefficient was used for the analyses of the correlations
between logMAR BCVA and cytokines in those patients who
had undergone three or more injections.

RESULTS

Demographic Data and Clinical Characteristics A total of
28 patients (41 eyes) diagnosed with VRL were included in
the study. The demographic data and clinical characteristics of
the 28 patients were summarized in Table 1. All the 28 PVRL
patients had VRL of the B cell type. The average age at disease
onset of VRL was 54.6y (range 34-81y) and this was similar
in the male and female patients (P=0.306). The majority of the
patients (20/28, 71.4%) were female, and the ratio of male to
female is 1:2.5. During the observation period of the study, 13
of the 28 patients (46.4%) had VRL in one eye and 15 patients
(53.6%) had bilateral eyes involved. Of the 28 patients, 21
(75.0%) manifested primary intraocular lymphoma first,
whereas 7 patients (25.0%) developed PCNSL before onset of
the ocular lesion. During the observation period, 18 patients
(64.3%) suffered two-eye and CNS lesions, and 3 patients
(10.7%) suffered damages of both eyes, the CNS, and other
organs. The organs involved in these patients were the neck
lymph nodes in 1 case, the mammary lymph nodes in 1 case,
and the testicles in 1 case. The most common initial ocular
symptoms were, in descending order, blurred vision or reduced
vision (26/28, 92.9%), floater symptom (10/28, 35.7%),
flashing lights (3/28, 10.7%), and red/sore eye (3/28, 10.7%).
Among the 11 samples in which IgH gene rearrangements
were performed, 8 patients (72.7%) had positive IgH results.
Eleven eyes (26.8%) showed prominences of retinal pigment
epithelium (RPE) and hyper-reflective deposits under RPE on
optical coherence tomography (OCT) images.

All the patients were examined for visual function during
their first presentation and the follow-up period (Table 2).
The mean logMAR BCVA was 1.06+£0.88 (range: 0-2.7) at
the first visit of the 41 eyes involved. Most VRL patients had
significant visual impairment at the first presentation, with 17
eyes (41.5%) showing severe visual impairment (BCVA<0.1),
15 eyes (36.6%) had moderate visual impairment (BCVA:
0.1-0.4), and 9 eyes (21.9%) had mild visual impairment
(BCVA>0.5). The occurrence of keratic precipitates (KP)
was recorded in 20 eyes (48.8%). The mean aqueous flare
was 19.4428.0 (range 3.2-150.2) in VRL patients, and
anterior chamber cells were observed in 17 (41.4%) eyes.
Vitreous opacification was the most common initial ocular
manifestations, found in all of the patients (100.0%); this was
followed by inflammatory cells in vitreous in 35 eyes (85.4%),
subretinal infiltration in 15 eyes (36.6%), retinal vasculitis in

Table 1 Clinical characteristics of patients with VRL
Data

n (%)

Items

Number of patients (eyes involved) 28 patients (41 eyes)

Age (y, mean+SD) 54.6+11.9
Gender

Male 8(28.6)

Female 20 (71.4)
One-eye or two-eye cases

One-eye cases 15 (53.6)

Two-eye cases 13 (46.4)
Onset patterns

Primary intraocular lymphoma 21(75.0)

Primary CNS lymphoma 7 (25.0)
Organs involved

Eye and CNS 18 (64.3)

Eye, CNS and other organ systems 3(10.7)
Symptoms

Blurred or reduced vision 26 (92.9)

Floater symptom 10 (35.7)

Flashing lights 3(10.7)

Red and sore eyes 3(10.7)

VRL: Vitreoretinal lymphoma; CNS: Central nervous system; SD:

Standard deviation.

Table 2 Ocular manifestations of VRL n (%)

Data

Items

Number of patients (eyes involved)
BCVA at initial manifestation

28 patients (41 eyes)

<0.1 17 (41.5)
0.1-0.4 15 (36.6)
>0.5 9(21.9)
logMAR initial BCVA, mean+SD 1.06+0.88
1IOP (mm Hg), mean+SD 16.7+4.6
Keratic precipitates 20 (48.8)
Aqueous flare, mean+SD 19.4+28.0
Anterior chamber cells 17 (41.4)
Vitreous retinopathy
Vitreous opacification 41 (100.0)
Inflammatory cells in vitreous 35(85.4)
Subretinal infiltration 15 (36.6)
Retinal vasculitis 9 (21.9)
Retinal detachment 5(12.2)
Optic neuropathy 4(9.8)
Others 3(7.3)

VRL: Vitreoretinal lymphoma; BCVA: Best-corrected visual acuity;

IOP: Intraocular pressure; SD: Standard deviation.

9 eyes (21.9%), retinal detachment in 5 eyes (12.2%), optic
neuropathy in 4 cases (9.8%), and other vitreous retinopathy in
3 cases (7.3%).

Comparative Cytokine Profiles of Vitreoretinal Lymphoma
and uveitis Additionally, cytokine concentration was analyzed

to see if a difference in the distribution of IL levels exists
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between eyes with VRL and uveitis (Table 3). In the AH of the
VRL patients, IL-10 were significantly elevated compared with
those of the uveitis patients: the mean IL-10 concentration in
the VRL samples was 2378.8 pg/mL (range: 16.2-22329.9) and
in the uveitis samples, 47.9 pg/mL (range: 0-302.0; P<0.001).
Conversely, the mean IL-6 concentration was lower for the
VRL (135.1 pg/mL) than for the uveitis (12094.6 pg/mL) samples
(P=0.003). Accordingly, the ratio of IL-10/IL-6 was much
higher for the VRL (mean+SD: 51.14112.2) than for the uveitis
(mean+SD: 0.05+0.06) samples (P<0.001). In addition, The
VCAM concentration in the patients with uveitis was higher
than in the VRL patients (P=0.047). There were no significant
differences between the two groups as to AH concentration of
IL-8 and VEGF.

Diagnostic Value of Cytokines for Vitreoretinal Lymphoma
In this study, the cytokine profiles concerned were analyzed,
including IL-10, IL-6, IL-10/IL-6 ratio, IL-8, VEGF, and
VCAM, in AH samples from patients with VRL, and other
uveitis patients. ROC curves for IL-10, IL-6, IL-10/IL-6 ratio,
IL-8, VEGF and VCAM to distinguish VRL from other uveitis
are shown in Figure 1.

IL-10/IL-6 ratio showed the highest diagnostic accuracy
with AUC=1.0. The IL-10, IL-6, IL-8, VEGF, and VCAM
had diagnostic accuracies of AUC=0.919 (95%CI, 0.849-
0.989, P<0.001), 0.679 (95%CI, 0.539-0.819, P=0.035),
0.676 (95%CI, 0.531-0.821, P=0.040), 0.596 (95%CI, 0.444-
0.749, P=0.259) and 0.669 (95%CI, 0.528-0.81, P=0.047),
respectively (Figure 1). The sensitivity and specificity of IL-10
and IL-10/IL-6 ratio using the optimal cutoff value are shown
in Table 4. The sensitivity and specificity at an IL-10 cutoff level
of 76.7 pg/mL were 88.2% and 81.1%, respectively (P<0.001).
IL-10/IL-6 ratio had the highest sensitivity of 94.1% and
specificity of 100.0% with the cutoff value of 1.55 (P<0.001).
Response to Repeated Intravitreal Methotrexate Injections
Of the 28 patients, 21 patients (29 eyes) underwent repeated
intravitreal MTX injections. The follow-up time after MTX
injection was 2-27mo (median, 11mo). Seventeen patients
(81.0%) manifested PVRL first, whereas 4 patients (19.0%)
developed primary CNS lymphoma before onset of the
intraocular lymphoma. In 6 PVRL patients, during the follow-
up period, the ocular involvement either preceded the CNS or
was a presenting CNS symptom. The average interval between
the onset of ocular and CNS involvement was 8mo (range
3-12mo). The average interval of ocular involvement in these
4 PCNSL patients was 5mo (range 2-10mo). All the CNS
lymphoma patients had already completed systemic therapy
when intravitreal MTX injections were started; therefore, there
is no confounding effect as a result of systemic therapy.

The 21 patients underwent repeated intravitreal MTX injections,
with an average of 2.6 times (range 1-13 times). Most
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Figure 1 ROC curves for IL-10, IL-6, IL-10/IL-6 ratio, IL-8, VEGF
and VCAM for differentiation of VRL from uveitis IL: Interleukin;
VEGF: Vascular endothelial growth factor; VCAM: Vascular cell
adhesion molecules; ROC: Receiver operating characteristic; VRL:

Vitreoretinal lymphoma.

Table 3 Cytokines levels in the AH of VRL and uveitis patients
mean+SD (pg/mL)

Parameters VRL Uveitis P

IL-10 2378.8+4790.6 47.9+80.9 <0.001
IL-6 135.1£181.1 12094.6+£27015.1 0.003
IL-10/IL-6 ratio 51.1+112.2 0.05+0.06 <0.001
IL-8 135.5+179.5 1829.9+4049.4 0.141
VEGF 37.7£30.5 2800.8+15900.86  0.105
VCAM 2587.8£2498.2  13665.8+21232.8  0.047

AH: Aqueous humor; VRL: Vitreoretinal lymphoma; IL: Interleukin;
VEGEF: Vascular endothelial cell growth factor; VCAM: Vascular cell

adhesion molecules; SD: Standard deviation. “Mann-Whitney U test.

Table 4 Sensitivity, specificity and optimal cutoff values of

parameters for differentiation of VRL from uveitis

Parameters AUC P Cutoff value Sensitivity Specificity
IL-10 0917 <0.001 76.7 pg/mL 88.2% 81.1%
IL-10/IL-6 ratio  1.000 <0.001 1.55 94.1% 100.0%

VRL: Vitreoretinal lymphoma; AUC: Area under the receiver operating

characteristic curve; IL: Interleukin.

patients (89.3%) underwent less than or equal to 3 injections,
2 patients underwent 4 injections, 1 patient underwent 7
injections, and 1 patient underwent 13 injections. Changes of
BCVA, IOP, aqueous flare and intraocular cytokines levels
before and after the first 3 injections were observed and
analyzed (Table 5). BCVA improved in 28 eyes (96.6%) after
treatment and remained unchanged in only 1 eye; all affected
eyes with improvements of bothersome floaters and blurred
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Figure 2 Correlation between the logMAR BCVA and the aqueous cytokines in VRL patients who were received repeated intravitreal

MTX injections BCVA: Best-corrected visual acuity; IL: Interleukin; VRL: Vitreoretinal lymphoma; MTX: Methotrexate.

Table 5 Changes of the BCVA, ocular manifestation and aqueous cytokines in VRL patients receiving repeated intravitreal MTX injections

mean+SD
1* injection 2" injection 3 injection
Parameters
Before After P Before After P Before After P

logMAR BCVA 1.08+0.81 0.60£0.66  <0.001  0.68+0.67 0.39+0.53  0.002  0.76+0.88 0.50+0.64  0.008
IOP (mm Hg) 16.8+5.1 15.0+4.1 0.280 15.2+4.2 14.9+2.6  0.867 15.4+4.2 15.8+3.1 0.219
Aqueous flare 20.6+31.6 16.0+24.1 0.434 17.4+17.1 14.9+£9.7  0.760  21.0+£24.2 15.1£11.9  0.008
Cytokines in AH, pg/mL

IL-10 2194.844759.3 643.3£2128.2 <0.001 765.7+1926.1 363.0+1317.6 0.001 1889.4+3938.9 208.6+510.8 0.013

1L-6 161.6£202.2  190.4+288.5 0.909 205.1+327.2  74.2+102.8 0.064 155.7+339.4 28.6+£37.5  0.035

IL-10/IL-6 45.3+116.5 6.97+13.1  <0.001 12.5+23.0 4.8+12.9 0.007 20.2+43.7 4.6+10.8 0.003

BCVA: Best-corrected visual acuity; IOP: Intraocular pressure; AH: Aqueous humor; IL: Interleukin; SD: Standard deviation. *Wilcoxon signed

rank sum test.

vision. Clinical remission was observed in all affected eyes
with absence of cells from vitreous and complete or partial
resolution of retinal infiltration. Patients who had undergone
repeated intravitreal MTX improved their BCVA from the
initial mean BCVA logMAR value of 1.08 to 0.60 after the
first injection, from the mean BCVA logMAR value of 0.68
to 0.39 after the second injection, and from the mean BCVA
logMAR value of 0.76 to 0.50 after the third injection. There
was no significant change in the IOP before and after the
three treatments, and the IOP was within the normal range.
The aqueous flare decreased after each injection, although no
statistically significant differences were found. IL-10, IL-6, and
IL-10/IL-6 ratio response to treatment with intravitreal MTX
was also summarized in Table 5. Each intravitreal injection
was associated with rapid and steady reduction in aqueous IL-10
levels and IL-10/IL-6 ratio. We also found that IL-10 levels
rose again after the second injection, suggesting early MTX
retreatment. In our observation, IL-6 levels began to decline
after the second injection, but no statistical significance was
found.

The logMAR BCVA and the AH levels of IL-10, IL-6, and
IL-10/IL-6 ratio in VRL patients who had undergone repeated
intravitreal MTX injections were collected and the potential
correlations between those data were also analyzed. Correlation
analyses showed that the logMAR BCVA of VRL patients

correlated positively with the aqueous IL-10 concentration in
AH (P=0.012 r=0.274; Figure 2). Furthermore, it was found
that the logMAR BCVA of VRL patients also positively
correlated well with the aqueous IL-6 level in AH (P<0.001
r=0.438). No significant correlation was found between the
logMAR BCVA of VRL patients and the ratio of IL-10/IL-6
(P=0.318).

Treatment with intravitreal MTX injections resulted in few
ocular complications. All of the patients developed conjunctival
hyperaemia that resolved within a few days. Nineteen patients
developed local subconjunctival hemorrhage. Two patients
developed keratopathy, which appeared after the 6" injection.
Acceleration of existing cataract appeared in 1 patient, which
required surgical intervention. No serious complications,
such as neovascular glaucoma (NVG), toxic anterior segment
syndrome (TASS), and endophthalmitis, were observed in this
study.

DISCUSSION

In this study, the clinical characteristics of VRL patients were
described in detail, and the aqueous cytokine profiles between
VRL and uveitis patients were compared. Optimal diagnostic
sensitivities and specificities were also identified for AH
cytokines IL-10, IL-6, and IL-10/IL-6 ratio, and the therapeutic
response to treatment with intravitreal injections of MTX was

monitored.
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VRL is a vision and potentially life-threatening ophthalmic
disease. VRL most often occurs in patients over 50y of age,
with the ratio of male to female reported as 1:1.2-1.6"°". In
this study, the average age of VRL onset was 54.6y, and there
were more female patients (20 cases) than males (8 cases). In
this study, the incidence of bilateral VRL was 53.6%, which
was closer to the previously reported range (60%-90%)"**".
The percentage of patients who had onset of intraocular
lymphoma was 67.9%, which is consistent with the percentage
(66.7%) reported by Keisuke et al”" in their study. The study
also found that a majority of VRL patients (64.3%) had CNS
involvement, consistent with the previously reported high rate
(60%-90%)>,

In our observation, blurred vision, reduced vision, and
floater symptom are the most common ocular symptoms in
VRL patients. Vitreous opacification, vitreous inflammatory
cells and subretinal infiltration are the most common
ocular manifestations. In this study, vitreous opacity in
VRL patients was characterized by aggregation of large
cells, strand formation, and a similar appearance of auroras
confirmed by kinetic observation. However, it is difficult for
ophthalmologists inexperienced in VRL diagnosis to make
a correct diagnosis based only on the appearance of vitreous
opacity.

PVRL is marked by insidious onset, diverse and atypical
symptoms, nonspecific ocular manifestations, and transient
improvement after being treated with corticosteroids!'".
For these reasons, many VRL patients are misdiagnosed as
refractory uveitis, or have undergone a protracted workup
before a correct diagnosis can be made. Nevertheless, it must
be borne in mind that a rapid definitive diagnosis is necessary
for appropriate treatment to forestall the substantially worse
prognosis of the CNS associated with the progression of the
disease. For PVRL patients, it is beneficial for their final visual
acuity to initiate treatment earlier when possible. Knowledge
of VRL clinical characteristics, together with an understanding
of the pathologic developments and prognosis of VRL will
help ophthalmologists identify suspicious cases in time and
conduct correct examinations to diagnose VRL clearly.
Clinical examination is always not sensitive enough to
distinguish vitreal cells from malignant cells, benign
lymphocytes and resident hyalocytes. Cytological examination
of vitreous biopsy specimens is considered to be a necessary
condition for the definitive diagnosis of VRL, but the
cytological evaluation for the diagnosis of VRL is associated
with relatively low sensitivity and a significant false-negative
rate!"”!. Possible reasons for this low positive rate include
the influence of corticosteroids, cell damage by the vitreous
cutter, inappropriate sample processing, the time interval
between onset of ocular symptoms and histological diagnosis,
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and the effects of systemic treatment performed before
vitrectomy. Another possible reason for the low positive rate
of cytological diagnosis is that lymphoma cells degenerate
easily and become necrotic rapidly. Moreover, experienced
technicians and cytopathologists play an important role in
the cytological diagnosis of VRL"?**. Thus, much effort has
been made to identify multiplex technologies to facilitate
lymphoma diagnosis. Many research centers have proposed to
provide adjunctive diagnostic evidence for VRL cytology by
detecting cytokine levels within intraocular fluid (AH and the
vitreous)**%. Kimura e a/" found that the IL-10/IL-6 ratio
is more sensitive than PCR or cytological examination in the

diagnosis of VRL. Frenkel ez al'"”!

conducted a study involving
150 patients with a presumed diagnosis of VRL, and they
concluded that cytokine analysis had the highest sensitivity
and accuracy in diagnosis of VRL when compared with
cytology and PCR. In our analysis, both the AH concentration
of IL-10 and the IL-10/IL-6 ratio were significantly elevated
in VRL compared with uveitis. Inversely, IL-6 and VCAM
levels were higher in eyes with uveitis. With optimal threshold
values available, good sensitivity (>90%) and high specificity
(100%) can be achieved to differentiate VRL from uveitis. In
this study, the sensitivity and specificity at an IL-10/IL-6 ratio
cutoff level of 1.55 were 94.1% and 100%, respectively, and
thus the sensitivity was higher than that found in previous
studies""*"". A high level of IL-10 was highly indicative of
lymphoma, and adding the IL-10/IL-6 ratio increased the
accuracy of lymphoma diagnosis. The combination of the
intraocular concentration of IL-10 and IL-10/IL-6 ratios was
highly informative in distinguishing between VRL and uveitis.
Intraocular injection of MTX is an effective method to treat
VRL. All the 29 treated eyes showed partial or complete
remission of VRL, manifesting in the form of improved
BCVA, reduced vitreous opacity, absence of the vitreous
cells, and resolution of retinal infiltration. At the same time,
the aqueous IL-10, IL-6, and IL-10/IL-6 ratio markedly
decreased and continued to decrease over the span of the
treatment. IL-10 became undetectable within 3 intravitreal
MTX injections in 4 patients. Previous studies confirmed that
aqueous levels of IL-10 correlated well with the severity of
vitreous cells and disease activity™. Along with those reports,
the present study also found that the aqueous levels of IL-10 and
IL-6 correlated well with the visual function of VRL patients
during the follow-up period after treatment. Our study further
confirms that monitoring intraocular cytokine levels is useful
for observing therapeutic outcomes in VRL patients. It is
difficult to diagnose and monitor lymphoma by using clinical
parameters only. The current technique of determining the
number of vitreous cells cannot be quantified. The need for
precise and quantitative indicators to monitor therapeutic
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effectiveness makes very important the adjunctive use of
cytokine levels in following treatment effects. Elevated levels
of IL-10 in intraocular fluid, even in a clinically quiescent
eye, may indicate an impending recurrence of the disease;
the severity of clinical disease should be monitored closely.
Whenever the cytokine levels disagree with the clinical
severity of the disease, the clinician should take all of the
available data into account before making an overall clinical
response to therapy. This study provides further considerable
support for the argument that the serial measurements of
cytokines are expected to be a quantitative tool for monitoring
disease status and therapeutic efficacy in VRL patients™™”".
Increased AH IL-10 level of >50 pg/mL has an 89% sensitivity
and 93% specificity at the diagnosis of primary intraocular
lymphoma, and has been recommended as a diagnostic
screening value®”. In another study, the threshold values
IL-10>100 pg/mL and IL-10/IL-6>1.0 successfully identified
18 of the 22 patients (82%) with lymphoma®". Moreover, in
vitreous specimens, the IL-10/IL-6 ratio>1.0 was considered
the diagnostic criterion for the disease, based on a sensitivity of
75%-90%!"**". The difference in sensitivity in different studies
may be due to the use of different cutoff values. Also, the exact
cutoff value for the IL-10 level or IL-10/IL-6 ratio may vary
between laboratories. The main reasons may lie in the different
methods and sample collection and storage conditions,
techniques, and manufacturers’ equipment and supplies,
dilution of vitreous and AH samples, and the laboratory’s
experience. Anyway, a large number of studies are needed to
identify the optimal cutoff for IL-10 level and IL-10/IL-6 ratio
to make a more accurate diagnosis.

Due to the lack of large-scale comparative clinical studies, no
specific consensus has been reached on the treatment of PVRL
without signs of CNS involvement. Previous literature has
reported that the treatment strategy for isolated PVRL depends
on the preference of each clinical center™>*). Various drugs
are currently used in intraocular chemotherapy, and MTX is
now used widely across the world”". Treatment of isolated
VRL by intravitreal injections of MTX is now used widely
with encouraging results, including successful visual outcome
and acceptable tolerance. Most ophthalmologists inject MTX
in the vitreous at a dose of 400 pg (in 0.1 mL). However, the
frequency of injections and the follow-up scheme vary quite
widely. In 2002, Smith ez al*” reported the routine use of
intravitreally injected MTX in 3 phases: induction (i.e., twice
a week for 1mo), consolidation (i.e., once a week for 1-2mo)
and maintenance (i.e., once a month for 9-12mo). Under this
therapeutic regimen, patients must receive a total of 15-22
injections for up to 11-15mo.

The treatment appeared to be effective at inducing ocular
remission of the VRL, and was also used to re-induce

remission in recurrent tumor cases. However, some problems
are unavoidable and cannot be ignored in frequent and
repeated MTX injections. First, complications and adverse
events may be associated with frequent intraocular MTX
injections. Possible complications occurring in injected eyes
during the treatment period include keratopathy, acceleration
of existing cataract, maculopathy, vitreous hemorrhage, NVG,
TASS, and endophthalmitis®**". In one study, different forms
of keratopathy were observed in all the patients treated with
repeated intravitreal MTX, and the symptoms improved as
the frequency of the injections decreased. Cataract formation
or acceleration is another common complication due to MTX
toxicity and frequent intraocular injections. Anterior chamber
angle neovascularization (NVI), with subsequent NVG, was
noted at the 17" and 18" injection of MTX in two patients.
Then intravitreal MTX injections were discontinued in the
two patients. Although the two patients did not complete the
treatment regimen, no recurrence of lymphoma was found
during the follow-up. The most serious complication—
endophthalmitis—was observed in patients who had undergone
more than 8 repeated intravitreal MTX injections™”. Another
patient developed severe anterior segment sterile inflammation
resembling TASS after his 20" injection. These complications
are closely related to frequent and repeated injections. Frenkel

et al*¥

conducted a 10-year follow-up study and they reported
that remission was reached after 6.4 injections. Additionally,
other studies reported protocols involving less intensive

P71 Therefore, we need to consider carefully

injection schedules
whether all VRL patients need conventional frequent and
repeated intraocular injections. Second, the patients underwent
22 injections over the whole course of 11 to 15mo in these previous
studies. During this long course of treatment, many patients received
systemic treatment with PCNSL at the same time, making it
difficult to analyze the specific therapeutic effect of MTX on
the vitreous. Although these studies reported remission of the
disease, it was not possible to accurately analyze the effect
of local treatment due to concurrent systemic chemotherapy.
Third, MTX resistance during intraocular MTX is rare, but
has been reported. The routine MTX injections initially were
highly effective, but later the disease began to become resistant
to the cytotoxic effect of the drug. This study suggested that
after multiple injections, the patient’s tumor had acquired the
ability to reduce accumulation and metabolism of the drug"™”.

In order to overcome the side effects of frequent intraocular
injections, reduce the frequency of intravitreal injections of
MTX, and effectively deal with VRL, we proposed a tailor-
made therapeutic protocol for each VRL patient according
to the ocular symptoms, signs, and response to treatment.
Remission was achieved in all 29 eyes of 21 patients after a

mean of 2.6 injections and maximum of 13 injections per eye.
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Personalized treatment plans may fend off potentially serious
complications of more extensive anti-lymphoma therapies.
This is an important consideration because most VRL patients
are elderly. PCNSL/PVRL is a heterogeneous disease, with
different patients carrying different risks for CNS progression
and VRL recurrence. The development of treatment protocols
of PCNSL/PVRL requires a multidisciplinary collaboration,
and therefore future research is needed to determine the
optimal MTX-based intravitreal chemotherapy regimens in
initial disease presentation and recurrent VRL.

Above all, in this study, the high specificity with good
sensitivity suggested that analysis of aqueous cytokine is an
effective diagnostic tool in patients of suspected VRL. IL-10
and IL-6 were also found to parallel well with visual functions,
and this demonstrated the utility of aqueous IL levels as an
adjunct. Furthermore, cytokine levels analysis does not require
special samples or an experienced cytopathologist for reading
the results. And the feature of cytokine analysis also improves
the operability of VRL diagnosis. Last but not least, although
the absolute levels of cytokines in the vitreous cavity and
anterior chamber are different, some studies reported that
the ratio of cytokines was constant in the vitreous and AH of
patients™*!. This is especially important because AH is easier
to tap and can be harvested several times during the course of
the disease. Collecting an AH sample was considered to be
a safe and repeatable procedure compared with collecting a
vitreous sample. Based on the results of this study, intraocular
cytokine analysis may be valuable not only for diagnosis
but also for monitoring disease progression and therapeutic
response of patients with VRL.

This study also has its limitations. First, the number of the
VRL patients enrolled in the study was insufficient, and the
retrospective nature of the study limits the ability to draw
definitive conclusions. Second, we only detected the aqueous
level of the cytokines. It would have been much better if we
had detected the aqueous and vitreous levels simultaneously,
which could contribute to probing intraocular cytokines
profiles of VRL patients. Third, we did not observe the CNS
progression or relapse of the patients with intravitreal MTX
injections, and these patients were not followed for long
enough. Further long-term prospective multicenter studies
are needed to investigate clinical characteristics, disease
progression and therapeutic effect of VRL patients to better
customize treatment for individual patients and improve
disease prognosis.

In conclusion, the combination of the intraocular concentration
of IL-10 and IL-10/IL-6 ratios could be very helpful as an
initial screening to diagnose and differentially diagnose VRL
and monitor indicators to assess therapeutic effects during
treatment for VRL.

1900

ACKNOWLEDGEMENTS

Foundations: Supported by the National Natural Science

Foundation of China (No.82070948); Beijing Talent Project

(N0.2020027); Shunyi District “Beijing Science and

Technology Achievements Transformation Coordination and

Service Platform” Construction Fund (No.SYGX202010);

Capital Health Development Scientific Research Project Grant.

Conflicts of Interest: Kang H, None; Tao Y, None.

REFERENCES

1 Soussain C, Malaise D, Cassoux N. Primary vitreoretinal lymphoma:
a diagnostic and management challenge. Blood 2021;138(17):
1519-1534.

2 Venkatesh R, Bavaharan B, Mahendradas P, Yadav NK. Primary
vitreoretinal lymphoma: prevalence, impact, and management
challenges. Clin Ophthalmol 2019;13:353-364.

3 Chan CC, Rubenstein JL, Coupland SE, Davis JL, Harbour JW,
Johnston PB, Cassoux N, Touitou V, Smith JR, Batchelor TT, Pulido JS.
Primary vitreoretinal lymphoma: a report from an international primary
central nervous system lymphoma collaborative group symposium.
Oncologist 2011;16(11):1589-1599.

4 Coupland SE, Heimann H, Bechrakis NE. Primary intraocular
lymphoma: a review of the clinical, histopathological and
molecular biological features. Graefes Arch Clin Exp Ophthalmol
2004;242(11):901-913.

5 Dawson AC, Williams KA, Appukuttan B, Smith JR. Emerging
diagnostic tests for vitreoretinal lymphoma: a review. Clin Exp
Ophthalmol 2018;46(8):945-954.

6 Fend F, Ferreri AJM, Coupland SE. How we diagnose and treat
vitreoretinal lymphoma. Br J Haematol 2016;173(5):680-692.

7 Sobolewska B, Chee SP, Zaguia F, Goldstein DA, Smith JR, Fend
F, Mochizuki M, Zierhut M. Vitreoretinal lymphoma. Cancers
2021;13(16):3921.

8 Miserocchi E, Ferreri AJM, Giuffré C, Cangi MG, Francaviglia I,
Calimeri T, Ponzoni M, Pecciarini L, Bandello FM, Modorati GM.
myd88 1265p mutation detection in the aqueous humor of patients with
vitreoretinal lymphoma. Retina 2019;39(4):679-684.

9 Carbonell D, Mahajan S, Chee SP, et al. Consensus recommendations
for the diagnosis of vitreoretinal lymphoma. Ocular Immunol Inflamm
2021;29(3):507-520.

10 Bonzheim I, Sander P, Salmerdn-Villalobos J, Siisskind D, Szurman
P, Gekeler F, Spitzer MS, Steinhilber J, Kohler E, Biissgen M,

Schittenhelm J, Salaverria I, Campo E, Coupland SE, Quintanilla-
Martinez L, Fend F. The molecular hallmarks of primary and
secondary vitreoretinal lymphoma. Blood Adv 2022;6(5):1598-1607.

11 Yonese I, Takase H, Yoshimori M, Onozawa E, Tsuzura A, Miki
T, Mochizuki M, Miura O, Arai A. CD79B mutations in primary
vitreoretinal lymphoma: diagnostic and prognostic potential. Eur J
Haematol 2019;102(2):191-196.

12 Hiemcke-Jiwa LS, Ten Dam-van Loon NH, Leguit RJ, Nierkens
S, Ossewaarde-van Norel J, de Boer JH, Roholl FF, de Weger RA,



Int J Ophthalmol, Vol. 15, No. 12, Dec.18, 2022
Tel: 8629-82245172  8629-82210956

www.ijo.cn
Email: ijopress@163.com

Huibers MMH, de Groot-Mijnes JDF, Kuiper JJW. Potential diagnosis
of vitreoretinal lymphoma by detection of MYD88 mutation in
aqueous humor with ultrasensitive droplet digital polymerase chain
reaction. JAMA Ophthalmol 2018;136(10):1098-1104.

13 Frenkel S, Pe’er J, Kaufman R, Maly B, Habot-Wilner Z. The
importance of cytokines analysis in the diagnosis of vitreoretinal
lymphoma. Acta Ophthalmol 2020;98(6):668-e673.

14 Pochat-Cotilloux C, Bienvenu J, Nguyen AM, Ohanessian R,
Ghesquicres H, Séve P, Garnier L, Kodjikian L. Use of a threshold of
interleukin-10 and IL-10/IL-6 ratio in ocular samples for the screening
of vitreoretinal lymphoma. Retina 2018;38(4):773-781.

15 Kuo DE, Wei MM, Knickelbein JE, Armbrust KR, Yeung IYL, Lee
AY, Chan CC, Sen HN. Logistic regression classification of primary
vitreoretinal lymphoma versus uveitis by interleukin 6 and interleukin
10 levels. Ophthalmology 2020;127(7):956-962.

16 Schoenberger SD, Kim SJ, Thorne JE, Mruthyunjaya P, Yeh S, Bakri
SJ, Ehlers JP. Diagnosis and treatment of acute retinal necrosis.
Ophthalmology 2017;124(3):382-392.

17 Kang H, Bao H, Shi YH, Feng J, Yang WQ, He YZ, Wang H, Hu XF,
Tao Y. Clinical characteristics and aqueous humor laboratory analysis
of Chinese patients with rubella virus-associated and cytomegalovirus-
associated fuchs uveitis syndrome. Front Med (Lausanne)
2020;7:610341.

18 Yang PZ, Zhong YY, Du LP, ef al. Development and evaluation
of diagnostic criteria for Vogt-Koyanagi-Harada disease. JAMA
Ophthalmol 2018;136(9):1025-1031.

19 Petzold A, Plant GT. Diagnosis and classification of autoimmune optic
neuropathy. Autoimmun Rev 2014;13(4-5):539-545.

20 Kase S, Namba K, Iwata D, Mizuuchi K, Ito T, Hase K, Suzuki
K, Onozawa M, Kitaichi N, Ishida S. Clinical features of primary
vitreoretinal lymphoma: a single-center study. Cancer Diagn Progn
2021;1(2):69-75.

21 Kimura K, Usui Y, Goto H, The Japanese Intraocular Lymphoma Study
Group. Clinical features and diagnostic significance of the intraocular
fluid of 217 patients with intraocular lymphoma. Jpn J Ophthalmol
2012;56(4):383-389.

22 Ohta K, Sano K, Suzuki T, Hidaka E, Yoshida A, Kikuchi T. B cell
clonality of primary central nervous system and primary intraocular
lymphomas. Jpn J Ophthalmol 2007;51(2):147-149.

23 Giuffre C, Cicinelli MV, Marchese A, Modorati GM, Brambati M,
Ferreri AJM, Calimeri T, Ponzoni M, Bandello F, Miserocchi E.
Clinical experience in a large cohort of patients with vitreoretinal
lymphoma in a single center. Ocular Immunol Inflamm 2021;29(3):
472-478.

24 Frenkel S, Hendler K, Siegal T, Shalom E, Pe’er J. Intravitreal
methotrexate for treating vitreoretinal lymphoma: 10y of experience.
Br J Ophthalmol 2008;92(3):383-388.

25 Costopoulos M, Touitou V, Golmard JL, Darugar A, Fisson S,
Bonnemye P, Le Lez ML, Soussain C, Cassoux N, Lamy T, Hoang
PL, Bodaghi B, Merle-Béral H, Le Garff-Tavernier M. ISOLD: a new

highly sensitive interleukin score for intraocular lymphoma diagnosis.
Ophthalmology 2016;123(7):1626-1628.

26 Takase H, Arai A, Iwasaki Y, Imai A, Nagao T, Kawagishi M, Ishida
T, Mochizuki M. Challenges in the diagnosis and management of
vitreoretinal lymphoma - clinical and basic approaches. Prog Retin
Eye Res 2022;90:101053.

27 Tanaka R, Kaburaki T, Taoka K, Karakawa A, Tsuji H, Nishikawa
M, Yatomi Y, Shinozaki-Ushiku A, Ushiku T, Araki F. More accurate
diagnosis of vitreoretinal lymphoma using a combination of diagnostic
test results: a prospective observational study. Ocular Immunol
Inflamm 2021:1-7.

28 Akiyama H, Takase H, Kubo F, Miki T, Yamamoto M, Tomita M,
Mochizuki M, Miura O, Arai A. High-dose methotrexate following
intravitreal methotrexate administration in preventing central nervous
system involvement of primary intraocular lymphoma. Cancer Sci
2016;107(10):1458-1464.

29 Kawamura H, Yasuda N, Kakinoki M, Sawada T, Sawada O, Ohji M.
Interleukin-10 and interleukin-6 in aqueous humor during treatment
of vitreoretinal lymphoma with intravitreally injected methotrexate.
Ophthalmic Res 2009;42(3):172-174.

30 Cassoux N, Giron A, Bodaghi B, Tran THC, Baudet S, Davy F, Chan
CC, Lehoang P, Merle-Béral H. IL-10 measurement in aqueous humor
for screening patients with suspicion of primary intraocular lymphoma.
Invest Ophthalmol Vis Sci 2007;48(7):3253-3259.

31 Sugita S, Takase H, Sugamoto Y, Arai A, Miura O, Mochizuki M.
Diagnosis of intraocular lymphoma by polymerase chain reaction
analysis and cytokine profiling of the vitreous fluid. Jpn J Ophthalmol
2009;53(3):209-214.

32 Klimova A, Heissigerova J, Rihova E, Brichova M, Pytlik R, Spicka I,
Mrazova K, Karolova J, Svozilkova P. Combined treatment of primary
vitreoretinal lymphomas significantly prolongs the time to first relapse.
Br J Ophthalmol 2018;102(11):1579-1585.

33 Lam M, Touitou V, Choquet S, et al. Intravenous high-dose
methotrexate based systemic therapy in the treatment of isolated
primary vitreoretinal lymphoma: an LOC network study. American J
Hematol 2021;96(7):823-833.

34 Kvopka M, Lake SR, Smith JR. Intraocular chemotherapy
for vitreoretinal lymphoma: a review. Clin Exp Ophthalmol
2020;48(2):240-248.

35 Smith JR, Rosenbaum JT, Wilson DJ, Doolittle ND, Siegal T, Neuwelt
EA, Peer J. Role of intravitreal methotrexate in the management of
primary central nervous system lymphoma with ocular involvement.
Ophthalmology 2002;109(9):1709-1716.

36 Jeong Y, Ryu JS, Park UC, Oh JY. Corneal epithelial toxicity after
intravitreal methotrexate injection for vitreoretinal lymphoma: clinical
and in vitro studies. J Clin Med 2020;9(8):2672.

37 Karimi M, Soheilian M, Kanavi MR. Bilateral primary intraocular
lymphoma. J Ophthalmic Vis Res 2011;6(4):344-347.

38 Sen HN, Chan CC, Byrnes G, Fariss RN, Nussenblatt RB, Buggage

RR. Intravitreal methotrexate resistance in a patient with primary

1901



Cytokine analysis in vitreoretinal lymphoma

intraocular lymphoma. Ocular Immunol Inflamm 2008;16(1-2):29-33.
39 Ecker SM, Hines JC, Pfahler SM, Glaser BM. Aqueous cytokine and
growth factor levels do not reliably reflect those levels found in the

vitreous. Mol Vis 2011;17:2856-2863.

1902

40 Fisson S, Ouakrim H, Touitou V, et al. Cytokine profile in human
eyes: contribution of a new cytokine combination for differential
diagnosis between intraocular lymphoma or uveitis. PLoS One

2013;8(2):e52385.



	_Hlk115082756
	OLE_LINK1
	_Hlk497904036
	_Hlk114756307
	_Hlk117670700
	_Hlk115083645
	_Hlk117673454
	_Hlk497904036
	_Hlk117841388
	_Hlk117841396
	_Hlk117841413
	_Hlk117841424
	OLE_LINK4
	OLE_LINK7
	_Hlk117952730
	_Hlk106996696
	_Hlk106988881
	_Hlk106988992
	_Hlk106989092
	_Hlk106918494
	_Hlk106268029
	_Hlk117953266
	_Hlk81170060
	_Hlk81169870
	_Hlk117953277
	_Hlk81248098
	_Hlk81246917
	_Hlk81248119
	_Hlk117953114
	OLE_LINK1
	_Hlk106989626
	_Hlk106572569
	_Hlk106572645
	_Hlk117953251
	_Hlk81248376
	_Hlk106920693
	_Hlk104990238
	_Hlk104850315
	_Hlk106918711
	_Hlk106268878
	_Hlk105887086
	_Hlk104891911
	_Hlk106970854
	_Hlk104885021
	_Hlk105945683
	_Hlk106443089
	_Hlk106990659
	_Hlk106990840
	_Hlk117953772
	_Hlk106990275
	_Hlk106991325
	_Hlk95992132
	OLE_LINK1
	_Hlk117520566
	OLE_LINK22
	OLE_LINK21
	OLE_LINK3
	_Hlk497904036
	_Hlk94204193
	_Hlk117785002
	_Hlk111485577
	_Hlk111486093
	_Hlk111486210
	_Hlk111486591
	_Hlk111486697
	_Hlk117785495
	_Hlk117785616
	_Hlk111489196
	_Hlk96638136
	_Hlk111485786
	_Hlk94021249
	_Hlk94022047
	_Hlk94021849
	_Hlk111499516
	_Hlk111500502
	_Hlk94027715
	_Hlk111309438
	_Hlk95235111
	_Hlk111501162
	_Hlk111501191
	_Hlk111501243
	_Hlk117520207
	_Hlk57123154
	_Hlk118365586
	OLE_LINK119
	OLE_LINK120
	_Hlk65099799
	_Hlk101094788
	_Hlk114619492
	_Hlk57983524
	_Hlk58153083
	_Hlk57127679
	_Hlk58152231
	_Hlk58159856
	_Hlk101530337
	_Hlk101537090
	_Hlk114481494
	_Hlk114481861
	_Hlk57127829
	_Hlk57185514
	_Hlk57188412
	_Hlk101091883
	_Hlk117518375
	_Hlk108183234
	_Hlk485406648
	_Hlk116390231
	_Hlk108183234
	_Hlk532978267
	OLE_LINK1
	OLE_LINK13
	_Hlk16518107
	_Hlk790823
	_Hlk89787106
	OLE_LINK9
	OLE_LINK64
	OLE_LINK71
	OLE_LINK39
	OLE_LINK67
	OLE_LINK68
	OLE_LINK70
	OLE_LINK69
	OLE_LINK60
	_Hlk108183234
	OLE_LINK101
	OLE_LINK12
	OLE_LINK13
	OLE_LINK14
	OLE_LINK15
	OLE_LINK16
	OLE_LINK17
	OLE_LINK18
	OLE_LINK19
	OLE_LINK20
	OLE_LINK21
	OLE_LINK11
	OLE_LINK22
	OLE_LINK23
	OLE_LINK1
	OLE_LINK2
	OLE_LINK7
	OLE_LINK3
	OLE_LINK4
	OLE_LINK5
	OLE_LINK6
	_Hlk117520658
	OLE_LINK1
	OLE_LINK9
	OLE_LINK6
	OLE_LINK8
	OLE_LINK3
	_Hlk109331956
	OLE_LINK4
	OLE_LINK5
	OLE_LINK236
	OLE_LINK235
	OLE_LINK241
	OLE_LINK242
	OLE_LINK199
	OLE_LINK200
	OLE_LINK204
	_Hlk114822055
	OLE_LINK1
	_Hlk114822065
	OLE_LINK3
	OLE_LINK4
	_Hlk108183234
	OLE_LINK2
	OLE_LINK5
	OLE_LINK6
	_Hlk6432014
	_Hlk117520111
	_Hlk117262171
	_Hlk117262234
	OLE_LINK1
	OLE_LINK2
	OLE_LINK3
	_Hlk118296833
	Clinical utility of cytokine analysis in the diagnosis and efficacy monitoring of vitreoretinal lymphoma
	Hao Kang, Yong Tao

	Anti-inflammatory effects of α-humulene and β-caryophyllene on pterygium fibroblasts
	Magda Massae Hata Viveiros1, Márcia Guimarães Silva2, José Galberto Martins da Costa3, Anselmo Gomes de Oliveira4, Carolina Rubio5, Carlos Roberto Padovani6, Cláudia Aparecida Rainho6, Silvana Artioli Schellini1

	Establishment of blood glucose control model in diabetic mice
	Cai-Hua Rao1, Lun Liu1, Jian Gao1, Zi-Hao Du2, Chen Gao3

	Various phenotypes of autosomal dominant cone-rod dystrophy with cone-rod homeobox mutation in two Chinese families
	Hui Cui1, Xin Jin1, Qing-Hua Yang1, Ling-Hui Qu2, Bao-Ke Hou1, Zhao-Hui Li1, Hou-Bin Huang1,3

	Clinical efficacy of 0.05% cyclosporine nano-emulsion in the treatment of dry eye syndrome associated with meibomian gland dysfunction
	Yeon Ji Jo1, Ji Eun Lee2, Jong Soo Lee1

	Topographic tear film trend and new parameters for non-invasive break up time test
	Yakup Acet 

	Effect of the position of the corneal lamella on the frequency of its detachment
	Pavel Studeny1,2, Magdalena Netukova1, Martina Nemcokova 1, Yun-Min Klimesova 1, Deli  Krizova1

	Efficacy of scleral-fixated 3-looped haptics intraocular lens implantation for surgical management of microspherophakia
	Xue-Wen Yu1,2, Xian Ge1,3, Wei-Jie Chen1, Shuang Ni1, Xue-Qi Lin1, Si-Ting Sheng1, Dan Chen1, Wen Xu1

	Deep sclerectomy-trabeculectomy with mitomycin C in treating glaucoma: postoperative long-term results
	Chung Shen Chean, Li Jiang, Gayathri Kanchana Niroshani Pati Arambage, Punithawathy Ranjit

	Evaluation of the learning curve of laser peripheral iridectomy: the 20th case reaches the turning point
	Yao Liu1, Yu-Ying Zhou2, Cheng-Guo Zuo1, Yun-Ru Liao1, Jia-Wei Ren1, Hui-Shan Lin1, Xin-Bo Gao1, Ming-Kai Lin1

	Post-operative visual outcomes based on morphological staging of idiopathic epiretinal membranes on OCT 
	Sehrish Nizar Ali Momin, Roha Ahmad Choudhary, M. A. Rehman Siddiqui, Shiraz Hashmi, Abdul Sami Memon, Haroon Tayyab

	Long-term clinical effects of intravitreal injections of conbercept for the treatment of choroidal neovascularization in patients with pathological myopia
	Si Zhang, Zi-Fang He, Fei-Fei Chen, Wen-Wen Zhang, Ya-Jun Liu, Hui Chen, Zheng-Gao Xie

	Clinical feature and predictive factor analysis for spontaneous regression of retinopathy of prematurity in a Chinese population
	Yi-An Li, Xiao-Hong Zhou, Xiao-Jing Cai, Chen-Hao Yang

	Simultaneous screening and classification of diabetic retinopathy and age-related macular degeneration based on fundus photos—a prospective analysis of the RetCAD system
	Christos Skevas1, Hanah Weindler1, Max Levering1, Jonne Engelberts2, Mark van Grinsven2, Toam Katz1

	Lag time, high-risk histopathological features, metastasis, and survival interrelation in retinoblastoma: a perspective from lower-middle income country
	Purjanto Tepo Utomo1, Datu Respatika1, Bambang Ardianto2, Hanggoro Tri Rinonce3, Didik Setyo Heriyanto3, Banu Aji Dibyasakti1, Irene Titin Darajati1, Indra Tri Mahayana1, Agus Supartoto1

	Fenofibrate for the prevention of progression of non-proliferative diabetic retinopathy: review, consensus recommendations and guidance for clinical practice
	Nor Fariza Ngah1,2, Nor Asiah Muhamad3, Roslin Azni Abdul Aziz2, Shelina Oli Mohamed2, Nor Azita Ahmad Tarmizi4, Azian Adnan5, Zalifah Zakiah Asnir6, Zanariah Hussein7, Hui Foo Siew5, Masni Mohamed7, Noor Aliza Lodz8, Vijayamala Valayatham6

	Nanopore techniques as a potent tool in the diagnosis and treatment of endophthalmitis: a literature review
	Zi-Yue Li1, Ke-Yi-Zhi Xu2, Wei Jin1

	A simple technique for suprachoroidal space injection of triamcinolone acetonide in treatment of macular edema
	Dan-Dan Zhang1,2, Dan-Yang Che1,2, Dong-Qing Zhu1,2

	Comparison of intraocular pressure readings with Perkins, Tonopen, iCare 200, and iCare Home to manometry in cadaveric eyes 
	Monica K Ertel, Leonard K Seibold, Jennifer L Patnaik, Malik Y Kahook

	Removal of subfoveal perfluorocarbon droplet combined with internal limiting membrane peeling to flatten the macular
	Dan Li, Qing Ye, Chao Li

	Severe phimosis-like epiretinal membrane proliferation following internal limiting membrane peeling for macular hole
	Hasan Mohidat1, Omar S El-Mulki2, Abdelwahab Aleshawi1

	Toxicity to the macula after using small doses cefuroxime for phacoemulsification and vitrectomy combined surgery
	Li-Li Jing1,2,3, Ting Ruan1,2,3, Dong-Fang Li1,2,3, Jun Li1,2,3

	Differentiation of premacular hemorrhages with niveau formation 
	Yorihisa Kitagawa, Hiroyuki Shimada, Akiyuki Kawamura, Hiroyuki Kaneko, Koji Tanaka, Hiroyuki Nakashizuka

	Rapid enlargement of choroidal osteoma in an adult patient
	Xiao-Yan Zhang1, Xiao-Feng Hao1, Hong Zhang1, Chao Wang2, Bin Luo3, Yi-Xin Qi1, Zhi-Peng Cai1, Li-Ke Xie1

	Optic perineuritis as an initial presentation of ocular toxoplasmosis: a case report
	Seung Ah Chung1, Chungwoon Kim1, Jong Yoon Lim2, Yoo-Ri Chung1


