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Abstract

Purpose—To evaluate the patient, disease and tumor characteristics of the three
morphologically distinct groups of vitreous seeds in retinoblastoma presenting for treatment with
ophthalmic artery chemosurgery: dust (class 1), spheres (class 2) and clouds (class 3) in primary
and recurrent vitreous seeds.

Design—~Retrospective cohort study of patients treated for vitreous seeds at Memorial Sloan
Kettering Cancer Center between May 2006 and March 2015.

Participants—135 eyes with active vitreous seeds, presenting for either primary treatment
with ophthalmic artery chemosurgery, or with recurrent vitreous disease.

Methods—Vitreous seeds were classified into three groups: dust, spheres and clouds. Indirect
ophthalmoscopy, fundus photography, ultrasonography and ultrasonic biomicroscopy were used to
locate and evaluate the extent of retinal and vitreous disease. Patient and disease characteristics
(age, laterality of disease, treatment status) were compared between classification groups. A two-
tailed Fisher's exact test and paired Student's t-test were used for statistical analysis.

Main Outcome Measures—Age of patient, laterality of disease, location of retinal disease,
extent of vitreous disease and treatment status.

Results—Primary treated disease. Patients with eyes containing class 3 (cloud) vitreous seeds
were significantly older compared to patients with class 1 or 2 (p<0.05) seeds: median age for
class 1, 2 and 3 was 11, 15.5 and 32 mos, respectively. Eyes containing class 3 seeds were
significantly more likely to occur in the equator-ora region of the fundus (p<0.0001), in a diffuse
pattern (p<0.0001), and in patients with unilateral disease (p<0.05), compared to class 1 and 2
seeds. Recurrent disease: Recurrent vitreous seeds were significantly more common to class 2
(p<0.05), occurring in a diffuse pattern (p=0.01) and in patients with bilateral disease (p<0.001).
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Conclusion—The three classes of vitreous seeds have distinct clinical characteristics
associated with age of patient, laterality of disease, extent and location of tumor-producing seeds.
Furthermore, recurrent vitreous seeds appear to have a unique clinical profile compared to seeds
receiving primary treatment.

Precis

Vitreous seed classification in retinoblastoma is associated with unique patient, disease and tumor
characteristics.

Keywords

Retinoblastoma; intravitreal; intra-arterial; chemotherapy; retina; melphalan; classification;
vitreous seeds; vitreous seed classification

Introduction

A number of temporal and spatial relationships have been established in retinoblastoma,
particularly with regard to patient age at diagnosis and intraocular tumor location-2. For
example, it is known that patients with germline (usually bilateral) disease typically present
at a younger age, with multifocal tumors, compared to patients with (usually unilateral and
single foci) disease restricted to a somatic mutation. Stallard recognized that new tumor foci
may form following diagnosis of the presenting tumor, and these subsequent tumors are
typically peripheral to the presenting disease3. These temporal and spatial relationships
focus on retinal disease, and little is known about how these principles may apply to vitreous
disease.

As our success rate for treating vitreous disease has improved with the use of intravitreal
chemotherapy, so too has our knowledge of vitreous seeds. Based on their distinct
morphological characteristics, vitreous seeds can be classified as follows: dust (class 1),
spheres (class 2), and clouds (class 3)*®. With intravitreal melphalan, each seed class varies
not only in the amount and dose of intravitreal melphalan used to control the seeds, but also
in regression pattern and time to final response to treatment®. A similar analysis has not yet
been reported for seed response to ophthalmic artery chemosurgery (OAC). The present
study evaluated whether there are additional clinical features that distinguish these classes of
vitreous seeds, particularly with regard to age of patient, laterality of disease, intraocular
tumor location, extent of disease, and treatment status.

Methods

This Memorial Sloan Kettering Institutional Review Board (IRB)-approved retrospective
study included all eyes with active vitreous seeds presenting for either primary treatment
with ophthalmic artery chemosurgery, or with recurrent vitreous disease, at Memorial Sloan
Kettering Cancer Center (MSKCC) from May 30™, 2006 to March 25%, 2015. Informed
consent was obtained for each patient from a guardian, caregiver or parent. The study was
Health Insurance Portability and Accountability Act (HIPAA)-compliant. Research adhered
to the tenets of the Declaration of Helsinki.
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Three hundred sixty eyes of 289 patients were retrospectively reviewed for vitreous seeds.
Eyes were excluded if there was an absence of active vitreous seeds, or if vitreous
hemorrhage precluded an assessment of the fundus, if clinical history was insufficient or if
fundus photography was unavailable to judge vitreous seed status. The clinical status was
reviewed using clinical notes documented during the examination under anesthesia with
indirect ophthalmoscopy, RetCam fundus photography (Clarity, Pleasanton, CA, USA), B-
scan ultrasonography (OTI Scan 2000 Ophthalmic Technologies) and ultrasonic
biomicroscopy (OTI Scan 2000 Ophthalmic Technologies, North York, ON, Canada). While
all eyes presented for and received treatment with ophthalmic artery chemosurgery, some
eyes may have subsequently received intravitreal chemotherapy. Unlike our prior publication
on this topic, this present study does not report on the response to treatment{Francis:
2015he}.

Patient data included age, sex, laterality and treatment status. Treatment status was divided
into eyes receiving primary treatment (these eyes could be naive to treatment, or could have
received prior treatment with intraarterial chemosurgery at an outside hospital or systemic
chemotherapy, but contain seeds that were not from a new source nor deemed recurrent: for
instance, an eye that received a cycle of systemic chemotherapy while arranging travel to our
center); and eyes with recurrent vitreous disease (defined as recurrent tumor after two
months of progression-free follow-up at monthly examinations at an outside hospital, or
following ophthalmic artery chemosurgery (OAC) at our institution). Tumor data included
Reese-Ellsworth (RE) classification, International Classification (IC) using the Children’s
Oncology grouping, seed classification (class 1 = dust, class 2 = spheres +/- dust, or class 3
= clouds +/- spheres or dust), extent of disease (localized [< or = 1 quadrant] or diffuse [>1
quadrant]), and location of retinal tumor/source of vitreous seeds (defined by tumor center
located in macula or macula-equator or equator-ora; tumors nasal to the disc could only be
defined as macula-equator or equator-ora).

The inter-observer variability of vitreous seed classification is unknown. However, the
system is purposefully based on morphological features (much in the same way that the
existing classification systems for retinoblastoma are constructed) and as such, places
emphasis on objective clinical characteristics. Nonetheless, it is open to interpretation and
thereby may have inherent variability between observers, like the Reese-Ellsworth and
International Classifications.

Outcome measures were compared for all three seed classifications, and included the patient
and tumor data described above. Statistical analysis was performed with Fisher’s exact test
or two-tailed Student’s t-test using GraphPad software (www.graphpad.com, Feb 10" 2014)
and NCSS software (www.ncss.com, Feb 10t 2014).

One hundred thirty-five eyes of 129 patients met the inclusion criteria for this study. All eyes
were Reese-Ellsworth group VB; eyes were classified according to the Children’s Oncology
Group International Classification as C in 11 eyes, D in 97 eyes, and E in 27 eyes.
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Treatment status

One hundred ten eyes presented for primary treatment with OAC: 67 had naive disease and
37 were previously treated for a total of 104 eyes. Fifty-six eyes had recurrent vitreous
disease: 31 of these eyes presented for treatment of recurrent disease following outside
treatment, and 25 eyes (of the original 104 eyes) had recurrent disease following primary
treatment with OAC at MSKCC. Seed classification according to treatment status is depicted
in Figure 1.

Age of patient

Table 1 shows age of patient at presentation of vitreous disease, according to vitreous seed
classification. For the primary treated group, age differs significantly between all three
classes. Patients with class 1 seeds (dust) are significantly younger; by contrast, patients
with class 3 seeds (clouds) are significantly older; patients’ ages in the class 2 group fall in
between (p<0.05).

Laterality of disease

Figure 2 shows laterality of disease, according to seed classification for primary treated eyes.
Eyes with class 3 seeds (clouds) were significantly more likely to have unilateral disease
(85% unilateral vs 15% bilateral) compared to class 1 (dust) and 2 (spheres) (40% unilateral
vs 60% bilateral) (p<0.0001).

Location of tumor-producing seeds

Figure 3 shows location of tumor-producing seeds, according to seed classification for
primary treated eyes. Class 3 seeds (clouds) were significantly more likely to be located in
the equator-ora region of the fundus; in comparison, class 1 and 2 seeds were significantly
more likely to be located in the macula or macula-equator region (p<0.0001).

Extent of disease

Figure 4 shows extent of vitreous disease, according to seed classification for primary
treated eyes. Class 3 seeds (clouds) are significantly more likely to be diffuse, compared
with class 1 seeds (dust), which are more likely to be localized to a single quadrant of the
eye (p<0.0001).

Recurrent disease

In the recurrent disease group, patient age did not differ significantly between the three
vitreous seed classes. As depicted in Figure 1, recurrent seeds are more likely to be class 2
(spheres), compared to primary treated seeds (p<0.0001). Table 2 compares disease
laterality, location of tumor-producing seeds, and extent of disease between primary and
recurrent vitreous disease. Recurrent vitreous seeds are significantly more likely to occur in
patients with bilateral disease and in a diffuse pattern, compared to primary treated disease.
Ninety-six percent of eyes that contained recurrent vitreous seeds following OAC at
MSKCC were categorized as class 2.
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Discussion

For the past several decades, over half of the retinoblastoma eyes with vitreous seeds would
have been enucleated due to inadequate response rates to historical treatments®’. However,
the increased use of OAC alone, or in conjunction with intravitreal chemotherapy, now
enables us to salvage a vast majority of eyes with vitreous seeds 8-11. As a result of this
increased ocular survival, our knowledge of vitreous seeds has deepened; we can now
distinguish three classes of vitreous seeds based on morphological characteristics.
Furthermore, we can use this classification to predict response to treatment#:>.

The present study broadens our knowledge of vitreous seeds by establishing an association
with seed class and unique patient, tumor and treatment characteristics (Table 3). With each
successive seed class (for primary treated eyes), there is a significant increase in median age
of the patient: the median age for patients with eyes containing class 1, 2 and 3 seeds is 11,
15.5, and 32 months, respectively. In addition to the fact that they occur in older patients,
class 3 seeds (clouds) are significantly more likely to derive from tumors located in the
equator-ora region of the fundus, are associated with diffuse (as opposed to localized)
seeding, and occur in patients with unilateral disease. By contrast, class 1 seeds (dust) are
more likely to be localized to a single quadrant of the eye; along with class 2 seeds
(spheres), they are more likely to occur in the macula or macula-equator region of the
fundus, and are equally distributed among patients with bilateral and unilateral disease. The
finding that class 1 seeds are preponderantly localized, and class 3 seeds diffuse, is
consistent with our previously published data.

We might speculate on the pathogenesis associated with the unique features of class 3 seeds.
Perhaps the genetic underpinnings related to somatic mutations are more conducive to
forming clouds; environmental factors present in the anterior fundus might aid in cultivating
cloud morphology. Perhaps the architecture of the vitreous in older patients, and/or an
anterior location, allows for more dispersive properties; maybe a prolonged duration of
active vitreous disease (as could be true in a patient with unilateral disease, and no family
history) results in the formation of a cloud.

Recurrent seeds have features that are significantly different from those of primary treated
seeds. Recurrent seeds are more likely to fall into the class 2 (spheres) category, to occur in a
diffuse configuration, and to occur in patients with bilateral disease. It is intriguing that all
but one of the eyes that developed recurrent seeds following ophthalmic artery
chemosurgery were categorized as having class 2 seeds. This begs the question as to how
prior treatment predisposes to the generation of spheres, and how prior treatment breeds a
genetically resistant clone that forms spheres. However, it should also be noted that
distinguishing between regrowth of previously treated seeds and growth of seeds from a new
source is difficult to clinically discern with accuracy, and even though these seeds were
considered together under the category “recurrent”, there may be differences between them.

In summary, grouping vitreous seeds into three distinct classes based on morphological
features can provide valuable clinical information. In addition to predicting response to
intravitreal melphalan, this classification scheme is associated with unique patient, tumor
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and treatment characteristics. Now the relationships between disease patterns and age of
patient, or location of tumor, can be expanded to include vitreous seeds. We encourage other
groups to utilize the proposed classification scheme, and prospectively validate our findings.
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Figure 1.
Seed classification according to treatment status. This chart demonstrates the distribution of

seed classes for both primary treated and recurrent vitreous seeds.
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Figure 2.
Seed classification and laterality of disease. This chart demonstrates the laterality of

retinoblastoma for each seed class.
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Figure 3.
Seed classification and location of tumor. This chart demonstrates the location of the tumor

producing seeds for each seed class.
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Figure 4.
Seed classification and extent of disease. This chart demonstrates the extent of disease

(localized or diffuse) for each seed class.
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Figure 5.
Representative images of the three seed class. A. Class | (dust) seeds in a 10-month-old male

with unilateral disease, in a localized pattern and emanating from a tumor located in the
macula-equator. B. Class |1 (spheres) seeds in a 30-month-old female with bilateral disease,
in a diffuse pattern and recurring from a tumor located in the macula-equator that was
previously treated with ophthalmic artery chemosurgery. C. Class Il (cloud) seeds in a 36-
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month-old male with unilateral disease, in a diffuse pattern and deriving from a tumor
located in the equator-ora.
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A comparison of disease and tumor characteristics between primary treated and recurrent vitreous disease

Variable Primary tx  Recurrent p-value
Laterality of Unilateral 55% (57) 20% (11) 0.0001
disease Bilateral 45% (47)  80% (45)
Location of tumor Macula/Macula-Equator ~ 66% (69) 79% (44) 015
producing seeds £ at0rOra 34% (35)  21% (12)
Localized 54% (56) 32% (18)
Extent of disease 0.01
Diffuse 46% (48) 68% (38)
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