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Abstract

Background/Aims: Enucleation for retinoblastoma is performed less often in the past decade
due to increasingly widespread alternative therapies, but enucleation remains an important option.
There is a paucity of reports on the current incidence of metastases and metastatic deaths in
unilateral retinoblastoma from United States (US) centers.

Methods: Retrospective chart review at 5 tertiary retinoblastoma centers in the US for unilateral
retinoblastoma patients treated with primary enucleation, 2007-2017, with =1 year of follow-up or
treatment failure.

Results: Amongst 228 patients (228 eyes), there were 9 metastases (3.9%) and 4 deaths (1.7%).
The Kaplan-Meier estimate at 5 years for metastasis-free survival was 96% (95% confidence
interval (CI), 94%-99%), and for overall survival was 98% (95% Cl 96%-100%). All metastases
were evident within 12 months. Histopathology revealed higher risk pathology (post-laminar optic
nerve and/or massive choroidal invasion) in 62 of 228 eyes (27%). Of these higher risk eyes, 39
received adjuvant chemotherapy. There were 4 subsequent metastases in this higher risk pathology
with adjuvant chemotherapy group, with 3 deaths. Of the 9 overall with metastases, 7 (78%)
showed higher risk pathology. All metastatic patients were classified as Reese-Ellsworth V and
International Classification of Retinoblastoma Groups D or E. Initial metastases presented as
orbital invasion in 7 of 9 cases.

Conclusions: Primary enucleation for unilateral retinoblastoma results in a low rate of
metastatic death, but is still associated with a 3.9% chance of metastases within a year of
enucleation. Most but not all patients who developed metastases had higher risk histopathologic
findings.

Synopsis /Precis:

Contemporary metastases and death rates in unilateral retinoblastoma after primary enucleation
within the United States remain excellent. Five-year Kaplan-Meier estimates: metastasis-free
survival 96% (95% confidence interval (CI), 94%-99%), and overall survival 98% (95% CI 96%
-100%).

INTRODUCTION:

Enucleation has been performed for unilateral and bilateral retinoblastoma for more than
400 years.[1-2] Survival after enucleation for retinoblastoma was 5% in 1869,[3] 17% in
1897,[4] and 57% in 1916.[5] The mid-1900s saw further advances that allowed some
unilateral retinoblastomas to be managed without primary enucleation.[2] In this period
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there were reported survival rates of 63%[6] by Reese and 70%[7] by Ellsworth. By the
late-1900s 5-year retinoblastoma survival in the United States (US) reached 92%.[8]
Eventually, the introduction of advanced globe sparing therapies allowed some unilateral
eyes to be salvaged, often with useful vision and without compromising high patient survival
rates.[9] Enucleation is still performed in every retinoblastoma center worldwide. Despite
the ongoing importance of enucleation, there has been a lack of recent literature from the US
on present day incidence of metastases and metastatic deaths following surgery.

Survival rates in the US have increased from the 1970s to 2010, with 5-year overall survival
reported as 93.7% for 1975-1979, 93.7% for 1980-1989, 97.5% for 1990-1999, and 97%
for 2000-2010.[10] Unfortunately, many such studies in the literature suffer from limited
methodology, including drawing data from the Surveillance Epidemiology and End Results
(SEER) datasets.[10-11] The SEER database has gaps, specifically from several regions of
the country with high volume referral centers and does not allow for making detailed patient
subsets.

A potentially more nuanced picture of modern enucleation outcomes can be patched
together through reports from single institutions. For example, from 1995-2015 in Los
Angeles, there was a subset of 206 primary enucleations (mix of unilateral and bilateral)
with a 0.9% metastasis rate and 0.9% death rate.[12] While in New York from 2006-2014
the subset that underwent primary enucleation had a metastasis rate of 10% and death rate of
3% in 60 enucleations.[13]

Survival rates are lower for eyes with higher risk histopathology demonstrating invasive
retinoblastoma beyond the lamina cribrosa of the optic nerve and/or massively into the
choroid. Three studies on eyes with higher risk histopathology from Philadelphia include,
first, a report on 80 enucleations from 1974-1999 with a higher metastatic rate for those who
did not receive adjuvant chemotherapy (24%) compared to those who received
chemotherapy (4%).[14] Second, a report on 519 enucleations between 1975-2011, with
117 showing higher risk histopathology. The overall metastasis rate was 8% and death rate
4%, with all metastasis/death events occurring only in those eyes with higher risk features.
[15] And third, a study revealing post-enucleation adjuvant chemotherapy with vincristine
etoposide, and carboplatin for high-risk retinoblastoma was effective in preventing
metastasis in every case.[16]

Overall, these discussed reports and the broader literature show heterogeneity of research
and clinical methodology. Additionally, unilateral enucleation outcomes are often merely
incidental to recent studies’ primary purposes, and so they often lack Kaplan-Meier survival
curves. Due to these limitations in outcome data, we designed this multi-center study within
the United States as a retrospective cohort study of unilateral retinoblastoma treated with
primary enucleation between 2007-2017. The results are intended to inform practitioners of
the contemporary outcomes in the current patient population in which primary enucleation is
performed.
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MATERIALS AND METHODS:

Invitations to participate in this retrospective chart review study were sent to 17 centers in
the US in 2017, and ultimately five centers agreed to participate: Memorial Sloan-Kettering
Cancer Center (MSKCC), Children’s Hospital Los Angeles (CHLA), Wills Eye Hospital at
Thomas Jefferson University, the Casey Eye Institute at Oregon Health & Science University
(OHSU), and Vanderbilt University Medical Center. The institutional review boards (IRB) of
each participating institution approved the study. Of the 12 invited centers that were not
included, 3 responded that they did not have the time to take part in further projects, 2 others
initially agreed to participate but were unable to have the data by collection deadline, and the
rest did not reply. Final study size was based on all available patients that were submitted by
each institution.

The patient data collected across centers were cases of unilateral retinoblastoma treated with
primary enucleation at the reporting center July 2007 - July 2017. While the study design
did not explicitly limit the reasons and indications for enucleation, all centers reported
similar criteria. The available indications for primary enucleation across centers are: large
Group D or E tumors without extraocular disease with patient/family informed preference
for primary enucleation. Additionally it may be considered if there is limited view of fundus
from media opacity including hemorrhage or corneal edema, advanced glaucoma,
buphthalmos, or concern for optic nerve and/or uveal invasion on imaging.

Clinical characteristics including age at presentation, sex, laterality of disease, duration of
follow-up, metastasis and survival status at follow-up, cause of death, pathology, and
treatment details were collected via the medical record. This retrospective study included
data collected before TNM was available. Centers used a variety of classification schemes:
Memorial Sloan Kettering used the Children’s Oncology Group (COG) version,[17] CHLA
used the Murphree version,[18] and Wills Eye Vanderbilt, and OHSU used the Philadelphia
classification.[19]

The definition of higher risk pathology was retrolaminar optic nerve invasion and/or massive
choroidal invasion. At initial data collection, disease at cut section was also defined as
higher risk pathology, and was specifically noted if present.

The adjuvant chemotherapy regimen for high-risk enucleation pathology was based on the
previously described Children’s Oncology Group protocol ARET0332.[20] Specifically: 6
cycles of vincristine, carboplatin, and etoposide. This was the standardized choice all
participating institutions.

The systemic chemotherapy regimen for diagnosed metastases was based on the previously
described Children’s Oncology Group protocol ARET0321.[21] Specifically: 4 cycles of
vincristine, cisplatin, cyclophosphamide, and etoposide for all stages. Additionally there was
external beam radiation for stage 2 and 3. There was also stem cell harvest, consolidation
chemotherapy, and then possible external beam radiation for stage 4. This was the regimen
of choice for any center in which retinoblastoma metastases were relevant, though one
center noted dosing and other adjustments could be made at the discretion of the pediatric
oncologist.
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Eyes that received any prior treatments including systemic, intraarterial, or intravitreal
chemotherapy or radiotherapy prior to enucleation were excluded from the analysis. Other
exclusion criteria included follow-up time less than 1 year (unless metastasis occurred in
under a year), metastasis present at the time of primary enucleation, and bilateral
retinoblastoma.

A metastatic event was defined as the diagnosis of extraocular retinoblastoma following
enucleation. Death events were defined as death directly from retinoblastoma; this definition
excludes death from second cancers, treatment related toxicities, or any other causes. Deaths
due to any other causes, if any, were also collected separately and noted in discussion.

Statistical Analysis:

Overall survival and metastases free survival odds were calculated with the Kaplan-Meier
method. The subgroup analysis of proportion of metastases, with or without adjuvant
chemotherapy, was calculated with the Chi-squared test.

If there was missing data, such as tumor classification due to different institutions using
different classification systems in Table 1, the data was presented as absolute number of
available but percentages were based on total patients.

All statistics were done with the software “R: The R Project for Statistical Computing” (v
3.3.1 GUI 1.68 Mavericks Build 7238) by R Foundation for Statistical Computing, Vienna,
Austria. URL https://www.R-project.org/. Graphing was also performed with the R Project
software.

RESULTS:

A total, F228 patients (228 eyes) met the study ctitetia at the following centers: 48 patients
from the Ocular Oncology Service at Memorial Sloan Kettering Cancer Center in New York,
77 patients from Wills Eye Hospital at Thomas Jefferson University in Philadelphia, 65
patients from Children’s Hospital Los Angeles, 26 patients from the Casey Eye Institute at
OHSU, and 12 from Vanderbilt University Medical Center. None of the included patients
had signs of metastases at diagnosis, as determined by treating ophthalmologist. All centers
use magnetic resonance imaging (MRI) of brain and orbit as screening. Patients also receive
thorough pediatric oncologist evaluation and standard blood work. Lumbar puncture and
bone marrow biopsy are not regularly used at any of the participating centers, unless
particularly high-risk. Baseline characteristics of patients and the tumors are presented in
Table 1.

Metastasis developed in 9 patients (3.9%). The mean time from initial diagnosis to
metastasis was 6.5 months (range 2—12 months) with metastatic events occurring at 2, 4, 4,
5,5,7,7,12, and 12 months after diagnosis. The mean age at diagnosis of retinoblastoma in
this subgroup was 27.8 months (range 19.0-40.5 months), and mean age of metastasis in this
subgroup was 34 months (range 24-48 months of age).

Pathology results In the overall group showed 62 of 228 eyes (27%) had a higher risk
pathology (retrolaminar optic nerve invasion and/or massive choroidal invasion). Seven of
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228 (3%) had both higher risk findings. Disease at cut section was also defined as higher risk
pathology but there were no cases in this study.

Of the 62 higher risk pathology eyes, 39 received adjuvant chemotherapy (63%). Metastases
developed in 4 of 39 (10.3%) higher risk eyes with adjuvant chemotherapy, with metastatic
retinoblastoma deaths in 3 of 4 of these patients. Comparatively, metastases developed in 3
of 23 (13%) higher risk eyes that did not receive adjuvant chemotherapy (p=0.112, XZ). The
reasoning for lack of adjuvant chemotherapy despite higher risk pathology in this group was
collected for the 3 patients with metastases. The reason was family preference in all cases.
Metastases developed in 0 of 10 eyes without higher risk features that still received adjuvant
chemotherapy. Of the remaining 2 with metastasis, there were no higher risk features as the
retinoblastoma had invaded prelaminar optic nerve in one case and the other case showed no
invasion at all.

Seven of the nine cases of metastases involved the orbit; in 2 cases there was concurrent
central nervous system (CNS) disease, one had concurrent marrow disease and one had
concurrent CNS and marrow disease. In two cases the initial metastases were to CNS only.
In these two cases, both had higher risk pathology (one with massive choroidal invasion, and
one with both massive choroidal and retrolaminar invasion), and both had received adjuvant
chemotherapy.

Amongst the 9 patients that developed metastases, 8 of them were treated with systemic
chemotherapy for metastases. The 9th patient was not treated for metastases due to parental
objection to administration of systemic chemotherapy. Additional therapy in the 8 patients
treated for metastases with chemotherapy included: 2 patients with orbital radiation, 1
patient with orbital radiation plus stem cell transplant, 1 patient with additional intrathecal
chemotherapy plus transplant, and 2 with stem cell transplant alone. Table 2 summarizes
clinical outcomes and further detailed characteristics of patients that had metastases and/or
death.

Death was reported in 4 patients, all were from the subset that had metastatic disease, and all
deaths were related to metastatic retinoblastoma. The mean time from metastasis to death
was 18 months, with deaths occurring at 2.8 months, 4.9 months, 19 months, and 45 months
after diagnosis of metastasis. The mean follow-up from initial diagnosis of retinoblastoma to
death was 25 months (range 5-57 months). For the 5 of 9 patients with metastases that
survived, the average follow-up was 45 months (range 14-91 months) following the
development of metastases.

The causes of death were related to leptomeningeal metastases in one patient, central
nervous system metastases in a second, and two other metastatic deaths without
specification. No deaths were attributed to chemotherapy toxicity or secondary malignancy.
Three of four patients who died of metastases had initially undergone chemotherapy for
higher risk pathology after enucleation (adjuvant), as well as systemic chemotherapy later
for metastases.. In the fourth case (metastatic event #9 in Table 2), the family refused both
adjuvant chemotherapy for high-risk pathology and systemic chemotherapy for metastatic
disease.
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The Kaplan-Meier (KM) estimate of metastasis-free survival (Figure 1) was 96% at 5 years
(95% confidence interval (Cl), 94%-99%), and for overall survival (Figure 2) was 98% at 5
years (95% CI 96%-100%).

DISCUSSION:

In this multi-center retrospective study of unilateral retinoblastoma treated primarily with
enucleation, the primary outcomes of metastases and death rates continue to be favorable for
patients, and consistent with previously published US and international literature. All of the
metastases occurred within 12 months, and deaths occurred within 5 years of enucleation as
previously described.[22] Seven of nine patients who developed metastases had orbital
disease as the first site of metastasis, and the other two had CNS disease at metastasis.

Of the reported metastatic events, it is notable that there were significantly more metastases
in the higher risk pathology group (7/62, 11%) versus the number of metastases in patients
without higher risk pathology (2/166, 1%) (p value= 0.002). Four of four retinoblastoma
deaths had 1 or more higher risk pathologic findings, and 3 of 4 died despite having received
adjuvant chemotherapy for higher risk features. It is also notable that most of the patients
who went on to have metastases developed orbital involvement. This reinforces a potential
role for MRI screening for a period after enucleation. Participating centers do use repeat
MRI screenings. Current imaging techniques can be helpful to distinguish between
postsurgical contrast enhancement and orbital tumor recurrence.[23]

Among participating centers there were 3 different classification systems for retinoblastoma,
the COG, and 2 versions of the International Classification of Retinoblastoma (Murphree
and Philadelphia). This reinforces that there is still no widely accepted consensus regarding
retinoblastoma classification.[24] While this ultimately did not affect our primary analysis of
survival as it was independent of eye classification, the heterogeneity of systems may make
other types of future studies more challenging as there is low but notable rate of
inconsistencies between classification systems.[25] Interestingly all the patients with
metastases were Reese Ellsworth V and all but one were Group E. There is also no
consensus regarding indications for globe salvage therapy among these centers, though in
each of these centers unilateral enucleation is being performed less often than in the past.
[13]

The patients in this combined series include several of the largest retinoblastoma centers in
the US, and international patients enucleated in these US centers were included. Evaluating
the rate of metastases and deaths after secondary enucleation in the US is a worthwhile
future endeavor. Additionally, studies such as ours for the US would be valuable to conduct
internationally. A global epidemiological study of 20th and 21st century data showed the
estimate of mortality varied as much as 3% in Japan and North America, to 70% in Africa.
[26] There are other studies from the worldwide literature that separated their unilateral and
bilateral data. This includes a 5-year survival of 97%[27] for English, Scottish, and Welsh
Children with enucleated unilateral retinoblastoma from 19982002, and 94%][28] for Iranian
children with enucleated unilateral retinoblastoma at a national referral center from 2001-
2007. Global data for e nucleation outcomes is especially interesting in the context of
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differing classification systems, chemotherapy indications/regimens, and access to globe-
salvaging therapies.

The results are not meant to compare enucleation against other treatment options or historic
data. The proliferation of alternatives to enucleation, as previously discussed, may create
selection bias for the type of patients who still require primary enucleation. Specifically, the
primary enucleation patients may be the most advanced cases at each center. Another
possible source of bias are patients that travel to a center of retinoblastoma excellence, then
return to their home state or country for subsequent follow-up. To reduce this bias, we
required 12 months of follow-up for inclusion. Overall, the changing trends in
retinoblastoma care could make the study group different than historic populations. As
shown in the results, the patients undergoing primary enucleation tend to have more
advanced disease. The effect of this shift is part of the rationale of why our study would be
informative to modern ocular oncologists.

In conclusion, this study provides a contemporary rate of metastasis and death outcomes for
unilateral retinoblastoma treated with primary enucleation in the United States between
2007-2017. Although survival is excellent, metastases still develop and deaths from
metastases occur. All metastases appeared within 12 months of retinoblastoma diagnosis.
Seven of the nine patients with metastases had the orbit as the first site of metastases while
the remaining 2 had CNS as the first site. All the patients with metastatic disease were
classified as Reese-Ellsworth V or ICRB D or E. The results of this study have decision-
making implications when counseling patients on options as well as in making treatment
plans.
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Figure 1:

Kaplan-Meier survival curve of metastasis-free survival over time of follow-up. The dotted
line is the 95% confidence interval.
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Figure 2:

Kaplan-Meier survival curve of metastasis-specific survival over time of follow-up. The
dotted line is the 95% confidence interval.
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Table 1:
Patient and Tumor Characteristics
Total patients (n=228) | Metastasis(n=9) | Death (n=4)

Age of Diagnosis (months)

Mean 29 28 30

Range 1-127 19-40 20-40
Gender: number (% of total)

Male 104 (46%) 4 (1.7%) 1 (0.4%)

Female, number (% of total) 124 (54%) 5 (2.1%) 3(1.3%)
Laterality: number (% of total)

Right 117 (51%) 5 (2.1%) 2 (0.8%)

Left 111 (49%) 4 (1.7%) 2 (0.8%)
Follow-Up Time (months)

Mean 60 35 25

Range 5-135 5-95 5-57
Eye Classification at Diagnosis
Children’s Oncology Group: Number (% with classification)

D 7 (3%) 1 (0.4%) 0

E 29 (13%) 5 (2.1%) 2 (0.8%)
Murphree: Number (% with classification)

D 26 (11%) 0 0

E 61 (27%) 0 0
Philadelphia: Number (% with classification)

c 1 (0.4%) 0 0

D 1 (0.4%) 0 0

E 66 (29%) 2 (0.8%) 2 (0.8%)
Reese-Ellsworth: Number (% with classification)

v 113 (49%) 9 (3.9%) 4 (1.7%)
Pathology: Number (% with pathology)

Anterior segment invasion 9 (4%) 1 (0.4%) 1 (0.4%)

Ciliary body invasion 0 0 0

Massive Choroidal Invasion 31 (14%) 4 (1.7%) 3(1.3%)

Invasion into nerve, prelaminar 69 (30%) 1 (0.4%) 0

Invasion into nerve, postlaminar 43 (19%) 4 (1.7%) 2(0.8%)

Invasion into nerve, at cut section 0 0 0

Negative, none of the above 95 (42%) 1 (0.4%) 0

Unavailable 1 (0.4%) 0 0
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