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Abstract

Aims—To compare high-risk histopathology of eyes with primary vs. secondary enucleation from
patients with retinoblastoma.

Patients and Methods—A retrospective histopathology review identified 207 eyes enucleated
from 202 patients between March 1997 and August 2013. Our review considered high-risk
histopathologic features to include extraocular disease or invasion of the anterior chamber, iris,
ciliary body, choroid (massive), postlaminar optic nerve, or sclera.

Results—Most eyes (144, 70%) were primarily enucleated; 63 (30%) were secondarily
enucleated after neoadjuvant therapy. The primary enucleation group had more advanced disease
(Reese-Ellsworth Group V: 95% vs. 59%; International Classification Group D/E: 97% vs. 59%;
p<0.001). The incidence of high-risk histopathology features was similar between groups (32% vs.
21%, n=59; p=0.132). The type of prior therapy was not associated with high-risk histopathology
features. Time to enucleation was longer for secondarily enucleated eyes with high-risk features.
Choroid and postlaminar optic nerve invasion were more frequent in eyes primarily enucleated
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(p<0.001). Forty-six of the 59 (78%) patients with high-risk features received adjuvant
chemotherapy and/or external beam radiation therapy. Three patients who received primary
enucleation and adjuvant therapy died of metastatic recurrence.

Conclusion—Despite the more favorable classification of eyes treated with neoadjuvant therapy,
the risk of high-risk histopathology features at enucleation was comparable to eyes undergoing
primary enucleation. Delayed enucleation was associated with these features, and the majority of
patients required further adjuvant therapy. Caution must be exercised in treating recalcitrant
intraocular retinoblastoma to promptly pursue definitive enucleation in an effort to minimize
further treatment exposures and metastases.
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high-risk histopathology; pathology; retinoblastoma; adjuvant chemotherapy; eye enucleation

Introduction

Risk-based management of retinoblastoma is guided by the extent of intraocular disease,
laterality, and child's age at diagnosis. Beginning with neoadjuvant systemic
chemotherapy!-2 and now intra-arterial chemotherapy,3 successful chemoreduction paired
with subsequent or concurrent focal consolidation therapies provide the opportunity for
ocular salvage and vision preservation.# Yet the risk for recalcitrant disease and extraocular
dissemination still exists for patients with advanced disease.6

Prolonged time to enucleation, along with coexisting ocular morbidities, is predictive of
extraocular extension.” Extraocular extension and invasion of the anterior chamber, iris,
ciliary body, choroid (massive, >3mm), postlaminar optic nerve (including postlaminar
invasion and invasion to the cut end of the optic nerve), or sclera are considered’-13 to be
high-risk histopathologic (HRH) features for metastases. If HRH features are discovered at
the time of enucleation, subsequent adjuvant chemotherapy and/or external beam radiation
therapy (EBRT) may be prescribed.11:14-18 |n some cases of advanced intraocular disease,
pathology may be down-staged after neo-adjuvant therapy, increasing the risk of metastasis
and death due to reduced surveillance and inappropriate management of unrecognized high-
risk disease.1?

We undertook a retrospective study comparing the presence of HRH features in two groups
of pediatric patients with retinoblastoma. The first group included patients who underwent
primary enucleation, the second included patients who underwent secondary enucleation
after eye-salvage therapy failed. Our goals were to (1) examine whether secondarily
enucleated eyes are more likely than primarily enucleated eyes to have HRH features, (2)
compare the frequencies of specific HRH features between the two groups, and (3) explore
whether any HRH features are associated with time to enucleation.
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Medical Record Review

With approval from the St. Jude Institutional Review Board, and adherence to the
Declaration of Helsinki, we searched our Health Insurance Portability and Accountability
Act-compliant institutional database to identify patients with retinoblastoma who underwent
enucleation between March 1997 and August 2013. From the medical records we extracted
the following data: sex, age at diagnosis, laterality of disease (unilateral vs. bilateral), Reese-
Ellsworth (R-E) Classification?? and International Classification (IC)2! at diagnosis,
treatments prior to enucleation, time from diagnosis to enucleation, time from progression of
disease to enucleation, treatment after enucleation, presence of metastatic disease, and cause
of death if applicable. Patients with evidence of metastatic disease at diagnosis were
excluded. We then reviewed the histopathology of each eye and defined HRH features in our
population as extraocular extension or invasion of the anterior chamber, iris, ciliary body,
choroid (massive, >3mm), postlaminar optic nerve (includes postlaminar invasion and the
presence of tumor cells at the cut end of the optic nerve) or sclera.

Statistical Methods

Results

We used Fisher's exact test to study associations among sex, laterality, and histopathologic
features with treatment group. We used the exact Wilcoxon rank sum test to examine
associations between continuous variables (age at diagnosis, time to enucleation) and
treatment group or histopathologic feature. The exact Kruskal-Wallis test was used to
examine the association between R-E/IC classification and treatment group. We used SAS
v9.3 and P-values < 0.05 were considered statistically significant.

Excluding one patient with metastatic disease at diagnosis, we identified 207 eyes that were
enucleated from 202 patients (Figure 1). The primarily enucleated group included (143
patients) 144 eyes enucleated due to advanced disease. Enucleation at an outside institution
resulted in missing classifications (R-E Group (4 eyes) and IC Group (2 eyes)), but most of
the remaining eyes were R-E Group Va (29) or Vb (108) or were IC Group D (54) or E (86).
The secondarily enucleated group included 60 patients (63 eyes) with early unilateral disease
(R-E Groups I-111 (15), or IC Groups B-C (20)) and/or bilateral disease. One patient had one
eye primarily enucleated and the remaining eye secondarily enucleated.

Significant differences in sex, age at diagnosis, and laterality of the tumor were observed
between the two groups (Table 1). Compared to the secondarily enucleated patients, the
patients undergoing primary enucleation were more likely to be male, older at diagnosis,
have unilateral disease and classified as R-E Group V (95%) or IC Group D/E (97%);
p<0.001.

Neoadjuvant chemotherapy (Table 2) was administered to 57 (of 60, 95%) patients. EBRT
was provided to 26 (41%), brachytherapy to 10 (16%), cryotherapy to 28 (44%), and laser
therapy to 43 (68%) eyes. Enucleation was considered for patients with progressive disease
despite aforementioned therapies (n=56) or for elective reasons not related to progressive
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disease (neovascular glaucoma, cataract, poor visual potential, pain and/or vitreous
hemorrhage, n=7).

The median time from diagnosis to enucleation of the secondarily enucleated eyes was 380
days, range 30-4775; mean time 566 days (SD 673.9) (p<0.001). Thirty-eight eyes (60%)
were enucleated within 14 days of identification of progressive disease. Eighteen eyes
(28.6%) that were delayed to enucleation more than two weeks were deliberately scheduled
based on parental request, current chemotherapy, holidays, or school schedules. Seven eyes
(seven patients, 11%) without HRH features were enucleated more than 30 days after the
initial recommendation (median 45 days, range 35-77; mean 54 days, SD 17.7). Three
patients were delayed due to illness and two patients were delayed because the procedure
was elective. One patient was delayed due to initial parental refusal and another patient was
unable to return for the scheduled enucleation due to travel.

We found HRH features in 29% (59/207) of the eyes. The distribution of eyes with HRH
between the two groups (primarily and secondarily enucleated) did not differ (p=0.132;
Table 3). In the primary enucleation group, the majority of eyes with HRH (44/46; 96%)
were classified as R-E Group V (IC Group D (8), E (37), Not available (1)); for the two eyes
without R-E or IC Grouping data due to diagnosis and enucleation at an outside institution,
histopathology demonstrated evidence of extraocular extension (pT4). Eight eyes (8/207,
4%) had extraocular extension; only one of which had prior treatment. In the secondarily
enucleated group, seven of 13 (54%) eyes with HRH were classified as R-E Group V (IC
Group C (1) and D (6)); all seven were from patients with bilateral disease. All seven eyes
initially responded well to neoadjuvant therapy before recurrence or progression led to
enucleation, despite additional focal therapies and radiation in three. All seven contralateral
eyes were salvaged. The remaining six secondarily enucleated eyes with HRH were
classified as R-E Group I, 11, or 111 (one each) or R-E Group IV (three) (IC Groups B (4), D
(1) and not available (1)).

The most prevalent HRH features in the primarily enucleated group were massive choroidal
invasion (p=0.005) and postlaminar optic nerve invasion (p<0.001) (Table 3). Invasion of
the ciliary body (n=8) and sclera (n=7) were more common in the secondarily enucleated
group. Five of the twenty-six secondarily enucleated patients who received EBRT had HRH
including ciliary body, choroidal and scleral invasion. There was no evidence of associations
between treatment group and extraocular disease or invasion of anterior chamber, iris, ciliary
body, or sclera (p>0.18) (Table 3).

Table 4 shows the association between the various HRH features. Notably, postlaminar optic
nerve invasion was significantly associated only with massive choroidal invasion
(p<0.0001). Otherwise, the HRH features were all significantly associated with each of the
other five variables.

Descriptive statistics for times to enucleation were calculated by the presence or absence of
each histopathologic feature of interest (Table 5). When HRH features were present in eyes
treated with neoadjuvant therapy, the time from diagnosis to enucleation was longer, even
after excluding the patient with 4775 days until enucleation (p=0.018). Those secondarily
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enucleated eyes with ciliary body and massive choroid invasion had longer time from
diagnosis to enucleation than those without either feature.

The role of repeated attempts at ocular salvage with focal therapy was evaluated. The
presence of HRH was not associated with any prior therapies; p>0.19; data not shown. Prior
EBRT did not eliminate the risk of ciliary body invasion at the time of disease progression.
The median time to enucleation after radiation was 10 months, range 3 to 156. Neoadjuvant
chemotherapy (57 of 60 patients) was not included in this analysis.

Post-enucleation adjuvant therapy for patients with HRH features included chemotherapy
(37 primarily and 10 secondarily enucleated patients) and adjuvant EBRT (7 primarily and 3
secondarily enucleated eyes). After primary enucleation, patients with HRH received 4-6
courses of chemotherapy based on institutional protocols; those with scleral invasion or
tumor at the cut end of the optic nerve also received EBRT. Patients who underwent
enucleation during neoadjuvant therapy (n=5) completed planned chemotherapy without
additional agents or courses. Patients requiring additional chemotherapy after secondary
enucleation (n=8) received cyclophosphamide and doxorubicin (n=3), vincristine/
carboplatin/etoposide alternating with cyclophosphamide/doxorubicin/carboplatin (n=4) or
vincristine/carboplatin/etoposide/cyclophosphamide (n=1). No patient with prior EBRT
required additional radiation. Thirteen patients (ten primary and three secondary) with HRH
features did not receive adjuvant therapy after enucleation; none of these patients
experienced recurrence or metastasis. In the primary enucleation group, patients either
declined further therapy (two) or no further therapy was recommended based on the initial
histopathology review (eight). These eight patients had isolated, superficial postlaminar
optic nerve invasion, which was not an indication for adjuvant therapy per the concurrent
institutional protocol. Three patients with secondary enucleation and HRH received adjuvant
therapy to the contralateral orbit (EBRT, n=1; plaque, n=1) or no therapy based on initial
histopathology review (n=1). Four patients developed metastatic disease. One patient
developed metastatic (liver, bone, bone marrow, CNS) disease six months after primary
enucleation. Extensive review of the initial histopathology slides and re-cuts of the globe
revealed no additional information that would reclassify this patient in the high-risk
category. Twelve months after adjuvant chemotherapy, EBRT and autologous bone marrow
transplantation, this patient had no evidence of disease. Two patients underwent primary
enucleation for R-E Group V disease on day 0 with pathology demonstrating HRH features.
Both patients received adjuvant chemotherapy, one received additional EBRT. One patient
achieved a complete pathological response followed by late metastatic recurrence (CSF/
meningeal) while the other experienced disease progression (liver/bone marrow/orbit/brain)
on therapy. A third patient with bilateral disease underwent upfront enucleation of one eye
with HRH features. This patient unfortunately developed CNS metastatic disease while
receiving systemic and focal treatment to the remaining eye. These three patients succumbed
to disease.

Discussion

The definition of HRH has been debated,”-12:14 but most physicians agree that massive
choroidal invasion with postlaminar optic nerve involvement, tumor present at the cut end of
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the optic nerve, and scleral invasion are pathologic features consistent with a high risk of
metastatic disease and warrant further therapy. Previous reports have described HRH after
enucleation, 1318 but ours is the largest cohort of primary and secondary enucleation from a
single institution. In this study we reviewed 207 enucleated eyes of 202 patients with
retinoblastoma; 59 eyes (29%) were considered to have HRH: 46 primarily enucleated eyes
and 13 secondarily enucleated eyes. Notably, massive choroidal invasion was significantly
associated with each of the other high-risk features, underscoring the importance of this
histopathologic finding in primarily enucleated eyes. Eight of the eyes with HRH (1
primarily enucleated) had extraocular extension. Our incidence of HRH is comparable with
previous reports.”-1114 One report of a higher incidence of HRH8 was due to more
advanced (pT4) disease at diagnosis.

The incidence of HRH features was not significantly different in primarily vs. secondarily
enucleated eyes, despite more advanced intraocular retinoblastoma in the primary
enucleation group and the application of multiple modalities to treat patients in an attempt to
provide ocular salvage. Primarily enucleated eyes were significantly more likely to have
massive choroid invasion and postlaminar optic nerve invasion, which was expected due to a
higher incidence of advanced intraocular disease at diagnosis. In the secondary enucleation
group, ciliary body and scleral invasion were the most common HRH features (not
statistically significant), and HRH was significantly associated with longer times to
enucleation. We thus observed a difference in the distribution of HRH features between the
two groups.

We believe that prolonged treatment of eyes that came to enucleation changed the spectrum
of HRH. Previous studies have shown that 10-40% of eyes with advanced (IC Group D/E)
intraocular disease harbor HRH at diagnosis, most commonly with massive choroidal
invasion and postlaminar optic nerve invasion.12:22 We did not observe this in our
secondarily enucleated cohort despite the majority of eyes having advanced intraocular
disease at diagnosis (R-E Group Vb or IC Group D/E). We believe systemic therapy may
have preferentially targeted invasion of the optic nerve and choroid due to their complex
vascular networks. The choroid is supplied by approximately 20 short posterior ciliary
arteries while the ciliary body and iris are supplied by the two long posterior ciliary arteries
and the seven anterior ciliary arteries, respectfully. Focal therapies such as laser and
cryotherapy destroy the choroid underlying and surrounding the tumor, potentially allowing
local tumor recurrences or implantation of vitreous seeds with direct access to the inner
sclera. Recurrences or treatment failures could thus preferentially involve anterior uveal tract
or external coats of the eye where tumor cells had eclipsed or simply grown beyond the
choroid to the sclera, allowing treatment-resistant disease to yield unique patterns of HRH
such as massive choroidal or scleral invasion with associated ciliary body invasion.
Additionally, repeated attempts at ocular salvage may simply provide the opportunity for
intraocular disease to become extraocular.

Zhao et al. reported that enucleation delayed longer than three months after diagnosis due to
administration of neoadjuvant chemotherapy was associated with mortality in four patients
as a result of “down-staging” of disease and reduced surveillance leading to in appropriate
management of high-risk disease.1® Prolonged time to enucleation in our secondary
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enucleation group was not associated with mortality. Several factors likely influenced this
result. The majority of eyes were treated with initial chemoreduction and responded well to
therapy. Late recurrence or progression of disease was treated with other modalities, in
contrast to chemotherapy only in the Zhao et a/. study. In addition, if patients underwent
enucleation during therapy, the original treatment plan was completed regardless of the
histopathology to avoid “down-staging.” Patients with the longest times to enucleation for
whom HRH features were identified were appropriately treated with further adjuvant
therapy. Finally, alImost 90% of eyes in our secondary enucleation group were enucleated
within 30 days of identification of recalcitrant progressive disease. Our results underscore
the importance of a multimodal systemic approach to treating advanced retinoblastoma, with
consideration of extent of disease prior to therapy, prompt referral for enucleation when
warranted, careful examination of histopathology, and appropriate post enucleation
treatment to achieve cure.

Despite a comprehensive treatment approach, three deaths occurred in our cohort: two
patients after primary enucleation and one patient after secondary enucleation. All patients
received appropriate adjuvant chemotherapy (n=1) or chemotherapy/EBRT (n=2) based on
identified HRH features. One patient developed metastases after completion of therapy and
two developed metastases during therapy.

In conclusion, we have shown that patients with advanced intraocular retinoblastoma, where
conservative neoadjuvant therapy with systemic chemotherapy, EBRT, and/or focal therapies
is ineffective, are still at risk for HRH features. The difference in location of HRH feature
(anterior chamber or outer coats in secondarily enucleated patients vs. posterior retina and
optic nerve in primarily enucleated patients) is associated with a changing spectrum of HRH
features after neoadjuvant therapy that has not been previously reported. However, despite a
prolonged time to enucleation while ocular salvage therapies are applied, prompt recognition
of recalcitrant disease progression, enucleation and further adjuvant therapy that addresses
the high risk of metastatic spread may still achieve a cure.
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Table 1

Demographic and Clinical Characteristics by Treatment Group
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Primary Enucleation, Patients (n=143)  Secondary Enucleation, Patients (n=60) P-value
Sex
Male 82 (57.3%) 22 (36.7%) 0.009
Female 61 (42.7%) 38 (63.3%)
Laterality of tumor
Unilateral 128 (89.5%) 17 (28.3%) <0.001
Bilateral 14 (9.8%) 43 (71.7%)
Age at diagnosis (months)
Median 24.0 9.0 <0.001
Range 1.0-108.4 0.3-72.6
Mean (SD) 27.7 (19.1) 12.1 (12.0)
Primary Enucleation, Eyes (n=144) Secondary Enucleation, Eyes (n=63) P-value
Time to Enucleation (days)
Median 3 380 <0.001
Range 0-14 30-4775
Mean (SD) 3.6 (3.0) 566.0 (673.9)
Reese-Ellsworth Group
/ 0 2 <0.001
i 0 5
" 2 8
v 1 7
4 137 37
Not available 4 4
International Classification Group
A 0 0
B 1 13
C 1 7 <0.001
D 54 34
E 86 3
Not available 2 6
Vitreous tumor seeds
Yes 115 40 0.015
No 29 23
Subretinal tumor seeds
Yes 109 21 <0.001
No 35 41
Data not available 0 1
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Primary Enucleation, Patients (n=143)  Secondary Enucleation, Patients (n=60) P-value
Retinal detachment
Yes 126 39 <0.001
No 18 23
Data not available 0 1
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Chemotherapy Regimen* Number of Patients Number (range) of Courses
Carboplatin 1 8
Carboplatin/Etoposide (CE) 1 6
Vincristine/Doxorubicin/Cyclophosphamide alternating with CE 1 6

Intra-arterial Topotecan and Melphalan 1 4
Vincristine/Carboplatin (VC) 36 8 (2-8)
Vincristine/Carboplatin/Etoposide 11 6 (5-12)
Vincristine/Topotecan alternating with VC including Subconjunctival Carboplatin 9 VT: 5 (1-5)\VC: 6 (2-8)

*
Carboplatin (Paraplatin ®); Etoposide (\ePesid ® or Toposar ®); Topotecan (Hycamtin ®); Cyclophosphamide (Cytoxan ®); Vincristine

(Oncovin ®); Doxorubicin (Adriamycin ® or Rubex ®); Melphalan (Alkeran ®)
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Table 3
Histopathologic Findingsamong Primarily or Secondarily Enucleated Eyes

Finding Primary Enucleation, Eyesn=144 (%) Secondary Enucleation, Eyesn=63 (%) P-value

High-Risk histopathologic features
Yes 46 (32%) 13 (21%) 0.132
No 98 (68%) 50 (79%)

Anterior chamber invasion

Yes 8 (6%) 3 (5%) 1
No 136 (94%) 60 (95%)

Iris invasion
Yes 9 (6%) 4 (6%) 1
No 135 (94%) 59 (94%)

Ciliary body invasion
Yes 10 (7%) 8 (13%) 0.188
No 134 (93%) 55 (87%)

Choroid invasion

None 63 (44%) 45 (71%) 0.0054
Minimal 3 (2%) 0 (0%)

Focal 46 (32%) 14 (22%)

Massive 32 (22%) 4 (6%)

Optic nerve invasion

None 23 (16%) 45 (71%) <0.001%
Prelaminar 57 (40%) 14 (22%)

Laminar 37 (26%) 3 (5%)

Postlaminar 25 (17%) 1 (2%)

7o cut Margin 2 (1%) 0 (0%)

Scleral invasion
Yes 18 (13%) 7 (11%) 1
No 126 (87%) 56 (89%)

Extraocular disease

Yes 5 (3%) 2 (3%) 1

No 139 (97%) 61 (97%)

a - . . . S
Data reflects a comparison of massive choroid vs. none/minimal/focal choroid invasion.

Data reflects a comparison of postlaminar/to cut margin (postlaminar) vs. none/prelaminar/laminar optic nerve invasion.
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