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Purpose: To study the treatment and outcomes of children with retinoblastoma (RB) with extraocular tumor
extension (RB-EOE) and compare them with RB without extraocular tumor extension (RB-w/o-EOE).

Design: Multicenter intercontinental collaborative prospective study from 2017 to 2020. RB-EOE cases
included those with overt orbital tumor extension in treatment-naive patients. Cases with microscopic orbital
extension detected postenucleation were excluded from the study.

Participants: A total of 319 children with RB-EOE and 3116 children with RB-w/o-EOE.
Intervention: Chemotherapy, enucleation, exenteration, radiotherapy.
Main Outcome Measures: Systemic metastasis and death.
Results: Of the 3435 RB patients included in this study, 309 (9%) were from low-income countries (LIC), 1448

(42%) from lower-middle income, 1012 (29%) from upper-middle income, and 666 (19%) patients from high-
income countries. There was an inverse relationship between the percentage of RB-EOE and national income
level, with 96 (31%) patients from LIC, 197 (6%) lower-middle income, 20 (2%) upper-middle income, and 6 (1%)
patients from high-income countries (P ¼ 0.0001). The outcomes were statistically significant for RB-EOE
compared with RB-w/o-EOE: systemic metastasis (32% vs. 4% respectively; P ¼ 0.0001) and metastasis-
related death (63% vs. 6% respectively; P ¼ 0.0001). Multimodal treatment was the most common form of
treatment (n ¼ 177; 54%) for RB-EOE, with most cases undergoing a combination of intravenous chemotherapy
and enucleation (n ¼ 97; 30%). Adjuvant external beam radiotherapy (EBRT) after surgery (enucleation/orbital
exenteration) was given in only 68 (21%) cases. KaplaneMeier analysis for systemic metastasis and metastasis-
related death in RB-EOE was 28% and 57% at 1 year, 29% and 60% at 2 years, and 29% and 61% at 3 years,
respectively. Cox regression analysis revealed that the risk of death from RB-EOE was greater in patients aged
>4 years than <2 years (hazard ratio, 2.912; P < 0.001) and for unimodal (surgery or intravenous chemotherapy)
and bimodal (surgery and intravenous chemotherapy) treatment than trimodal treatment (surgery, intravenous
chemotherapy, and EBRT) (hazard ratio, 2.023; P ¼ 0.004 and hazard ratio, 1.819; P ¼ 0.027, respectively).

Conclusions: Retinoblastoma with extraocular tumor extension is associated with a higher risk of metastasis
and death. Patients with RB-EOE are likely to benefit from trimodal treatment (intravenous chemotherapy, sur-
gery, and EBRT) rather than treatment protocols excluding EBRT.
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Retinoblastoma (RB), the most common intraocular malig-
nant tumor in children, is curable. However, the outcomes
are not uniform across the world and differ based on various
factors including national income level, Gini index, gov-
ernment health care financing and expenditure, education
level of the population, percentage of population in rural
areas, accessibility to health care, gender bias, social stigma,
religious beliefs, age at presentation, and tumor stage at
presentation.1e8 A meta-analysis of 29 106 RB patients
from 73 countries presenting during the period 1980 to 2020
revealed that the survival rates improved globally over the 4
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decades, but the disparity in outcomes persisted based on the
national income level.3 The survival rate of children with
RB ranges from 87% to 99% in high-income countries
(HIC), 71% to 92% in upper-middle income countries
(UMIC), 43% to 90% in lower-middle income countries
(LMIC), and 44% to 57% in low-income countries
(LIC).2,3,6

When intraocular RB is left untreated, the natural pro-
gression of the disease is tumor extension beyond the globe
via the optic nerve, sclera, and scleral emissary vessels, thus
increasing the risk of locoregional/systemic metastasis and
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death. The stage of RB at presentation varies between
different populations and is influenced by various factors,
including availability and accessibility to health care, and
socioeconomic and cultural differences.1 The incidence of
RB with extraocular tumor extension (RB-EOE) is 49% in
LIC, 27% in LMIC, 12% in UMIC, and 2% in HIC.1 The
different treatment modalities for RB-EOE include sys-
temic chemotherapy, enucleation, orbital exenteration, and
radiotherapy.9 There is a wide variation in the treatment of
RB-EOE, worldwide. Herein, we report the incidence and
outcomes of RB-EOE and compare them with RB without
extraocular tumor extension (RB-w/o-EOE). In this study,
we also explore the differences in the treatment protocols of
RB-EOE in various treatment centers across the world and
provide recommendations based on our findings.

Methods

A prospective, multicenter, intercontinental, collaborative global
RB study gathered data on >4000 treatment-naive RB children
presenting to the various RB treatment centers across the world
from January 1, 2017, to December 31, 2017.1 These patients were
followed up till December 31, 2020.2 The current comparative
study included a subset of prospectively followed up patients
from the Global RB Outcome Study.2 All RB patients with RB-
w/o-EOE and those with evidence of overt RB-EOE by clinical
or radiological evaluation (i.e., RB-EOE diagnosed before initia-
tion of treatment) without locoregional/systemic metastasis at
presentation to the RB treatment center were included in this study.
Those with inadequate data, those with microscopic orbital
extension of RB postenucleation (these were excluded to avoid a
bias toward treatment outcomes because enucleation was per-
formed before a diagnosis of RB-EOE was made), and those with
locoregional/systemic metastasis at presentation were excluded
from the study. The study was approved by the Institutional Re-
view Board at the London School of Hygiene & Tropical Medicine
and at individual RB centers. A waiver of patient informed consent
was obtained from the center’s ethics committee. The study
adhered to the tenets of the Declaration of Helsinki.

The following data were obtained for each patient: RB treat-
ment center, child’s country of residence, national income level,
income status of the family, distance of home from the RB treat-
ment center, age at presentation to the RB treatment center, sex,
family history of RB, presenting symptoms, lag time between onset
of symptoms and presentation to the RB treatment center (months),
tumor laterality, and tumor classification based on the 8th edition
of American Joint Committee on Cancer classification.10

All RB-EOE and RB-w/o-EOE patients who received treatment
were included for analysis of outcomes. Primary and adjuvant
treatment details of those with RB-EOE were further analyzed.
Outcomes at the last follow-up, including systemic metastasis, the
interval between initiation of treatment and systemic metastasis,
death, the cause of death, and the interval between initiation of
treatment and death, were noted in all patients.

Statistical Analysis

Descriptive continuous data were expressed as mean, median, and
range, and categorical data were expressed as proportions. The
demographics, clinical features, and outcomes of children with RB-
EOE and RB-w/o-EOE were compared. The statistical analysis was
performed using Statistical Package for Social Sciences, version
29.0.2.0 (20). Continuous data were compared using the student t
test and ManneWhitney U test based on the normality of
2

distribution. Categorical data were compared using the chi-square
test. A P value of �0.05 was considered statistically significant.
KaplaneMeier estimates were used to predict the rates of systemic
metastasis and death in children with RB-EOE. Cox proportional
hazard regression was used to estimate the impact of age and
treatment modalities on the outcomes in children with RB-EOE. To
assess the benefit of external beam radiotherapy (EBRT), patients
who received trimodal treatment (intravenous chemotherapy, sur-
gery [enucleation or orbital exenteration], and EBRT) were
compared against bimodal therapy (intravenous chemotherapy and
surgery [enucleation or orbital exenteration]).
Results

Of the total 4064 patients from the Global RB Outcome
Study,2 a total of 3435 patients were included in this study.
Of these, 319 (9%) patients had RB-EOE, and 3116 (91%)
patients had RB-w/o-EOE in 1 or both eyes with no evi-
dence of metastasis at presentation. Based on national in-
come level, 309 (9%) patients were from LIC, 1448 (42%)
from LMIC, 1012 (29%) from UMIC, and 666 (19%) pa-
tients from HIC. There was an inverse relationship between
the percentage of patients with RB-EOE and national in-
come level with 96 (31%) patients from LIC, 197 (6%) from
LMIC, 20 (2%) from UMIC, and 6 (1%) patients from HIC
(P ¼ 0.0001) (Table 1).

The following features and outcomes were statistically
significant for RB-EOE compared with those with RB-w/o-
EOE: mean lag time from onset of symptoms to the pre-
sentation to RB treatment center (7 months vs. 4 months;
P ¼ 0.0001), mean age at presentation (37 months vs. 24
months; P ¼ 0.0001), family history of RB (1% vs. 6%; P ¼
0.0001), and unilaterality of RB (76% vs. 67%; P ¼
0.0003). Based on the 8th edition American Joint Com-
mittee on Cancer classification, all (100%) RB-EOE
belonged to cT4, and a majority (42%) of RB-w/o-EOE
belonged to cT3.

Of 327 eyes with RB-EOE, 83% were treated, 4% were
advised palliative care, and 13% refused treatment, and of
4001 eyes with RB-w/o-EOE, 98% were treated. Table 2
lists the treatment details for children with RB-EOE.
Multimodal treatment was the most common form of
treatment (n ¼ 177, 54%) for RB-EOE, with most cases
undergoing bimodal treatment, including intravenous
chemotherapy and enucleation (n ¼ 97; 30%). Adjuvant
EBRT after surgery (enucleation/orbital exenteration) was
given in only 68 (21%) cases.

The outcomes differed between those with RB-EOE and
RB-w/o-EOE, including systemic metastasis (32% vs. 4%;
P ¼ 0.0001) and metastasis-related death (63% vs. 6%; P ¼
0.0001) (Table 3). The analysis revealed an odds ratio of
13.5 for metastasis and 33 for metastasis-related death in
patients with RB-EOE compared with those with RB-w/o-
EOE. The overall cumulative incidence by KaplaneMeier
analysis at 1 year, 2 years, 3 years, and 4 years for RB-EOE
was 28%, 29%, 29%, and 29%, respectively, for systemic
metastasis and 57%, 60%, 61%, and 61%, respectively, for
death (Table 4). Cox regression analysis based on age
revealed hazard ratios of 3.163 (95% confidence interval,
1.149e8.708, P ¼ 0.026) for systemic metastasis and



Table 1. RB with and without Extraocular Tumor Extension: Demographics and Clinical Presentation

Feature

RB with Extraocular
Tumor Extension

n [ 319
n (%)

RB without extraocular
tumor extension

n [ 3116
n (%) P Value

National income level
Low 96 (30) 213 (7) 0.0001
Lower-middle 197 (62) 1251 (40) 0.0001
Upper-middle 20 (6) 992 (32) 0.0001
High 6 (2) 660 (21) 0.0001

National income level
Low (n ¼ 309) 96 (31) e e
Lower-middle (n ¼ 1448) 197 (14) e e
Upper-middle (n ¼ 1012) 20 (2) e e
High (n ¼ 666) 6 (1) e e
P value 0.0001

Family income
Low 96 (30) 227 (7) 0.0001
Lower-middle 196 (61) 1267 (41) 0.0001
Upper-middle 23 (7) 1003 (32) 0.0001
High (n ¼ 626) 4 (1) 619 (20) 0.0001

Distance to RB care (miles), mean (median, range) 216 (160, <1e2620) 268 (119, <1e7470) 0.113
Lag time from onset of symptoms to

presentation at RB center (mos), mean (median, range)
7 (2, <1e54) 4 (1, <1e117) 0.0001

Age at presentation (mos), mean (median, range) 37 (36, 2e137) 24 (19, <1e281) 0.0001
<2 yrs 74 (24) 1791 (58) 0.0001
2e4 148 (47) 600 (20) 0.0001
�4 yrs 91 (29) 682 (22) 0.009

Sex
Male 185 (58) 1709 (55) 0.29
Female 134 (42) 1407 (45)

Family history of RB 4 (1) 177 (6) 0.0002
Tumor laterality
Unilateral 244 (76) 2078 (67) 0.0003
Bilateral 75 (24) 1038 (33)
Bilateral orbital extension 8 (3) NA

8th edition AJCC classification (n ¼ 4328 eyes) n ¼ 327 eyes n ¼ 4001 eyes
cT1 0 (0) 815 (21)
cT2 0 (0) 1484 (37)
cT3 0 (0) 1702 (42)
cT4 327 (100) 0 (0) 0.0001

AJCC ¼ American Joint Committee on Cancer; NA ¼ not applicable; RB ¼ retinoblastoma.

Table 2. Retinoblastoma with Extraocular Extension:
Management

Treatment

n [ 327, Eyes of
319 Patients

n (%)

Primary enucleation 13 (4)
Intravenous chemotherapy 64 (20)
External beam radiotherapy 1 (<1)
Primary orbital exenteration 16 (5)
Combination therapy 177 (54)
IVC þ orbital exenteration 11 (3)
IVC þ enucleation 97 (30)
IVC þ enucleation þ EBRT 66 (20)
IVC þ orbital exenteration þ EBRT 2 (1)
Enucleation þ EBRT 1 (<1)

Palliative care 12 (4)
Refusal to treatment 44 (13)

EBRT ¼ external beam radiotherapy; IVC ¼ intravenous chemotherapy.

Kaliki et al � RB with Extraocular Tumor Extension
2.912 (95% confidence interval, 1.603e5.290, P < 0.001)
for death, for children aged >4 years when compared with
children <2 years of age. Lag time of >2 months showed
no effect on outcomes (metastasis and death) of patients
with RB-EOE (Table 5).

In patients with RB-EOE receiving combination treat-
ment, Cox regression analysis of outcomes was performed
based on the various treatment modalities (Table 5). When
compared with a reference of combination therapy with
surgery (enucleation or orbital exenteration), intravenous
chemotherapy, and radiotherapy (trimodal treatment),
patients who received unimodal (surgery or intravenous
chemotherapy) or bimodal (surgery and intravenous
chemotherapy) treatments were at 2.253 times greater risk
of systemic metastasis (P < 0.003). Similarly, patients
who underwent only surgical treatment were at 2.712
times greater risk of developing systemic metastasis (P ¼
0.048) and patients treated with chemotherapy alone were
at 4.496 times greater risk of systemic metastasis (P <
3



Table 3. RB with and without Extraocular Tumor Extension: Outcomes

Feature

RB with Extraocular
Tumor Extension n [ 319

n (%)

RB without Extraocular
Tumor Extension n [ 3116

n (%) Odds Ratio (95% CI) P Value

Duration of follow-up (mos),
mean (median, range)

16 (11, <1e48) 30 (36, <1e51) NA 0.0001

Systemic metastasis 67 (32)* 105 (4)y 13.488 (9.645e18.862) 0.0001
Time interval between
presentation and systemic
metastasis (mos), mean
(median, range)

5 (4, <1e22) 16 (12, <1e41) NA 0.0001

Death due to RB 140 (63)z 164 (6)x 33.004 (23.731e45.889) 0.0001
Time interval between
presentation and death
(mos), mean (median,
range)

11 (9, <1e35) 17 (15, <1e43) NA 0.0001

CI ¼ confidence interval; NA ¼ not applicable; RB ¼ retinoblastoma.
*Outcomes were unknown in 107 patients.
yOutcomes were unknown in 593 patients.
zOutcomes were unknown in 97 patients.
xOutcomes were unknown in 451 patients.
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0.001) and 2.0 times greater risk of death (P ¼ 0.004). A
comparison of patients who received trimodal treatment
vs. those who received bimodal therapy revealed that the
patients who did not receive adjuvant EBRT had a hazard
ratio of 1.819 for death compared with the former
(P ¼ 0.027). In patients receiving trimodal treatment,
patients who received primary surgical intervention had a
worse prognosis for systemic metastasis (hazard ratio,
6.500; 95% confidence interval, 1.310e32.246, P ¼
0.022) than those who received neoadjuvant intravenous
chemotherapy (Fig 1).
Discussion

Overall, the incidence of RB-EOE is less common
compared with RB-w/o-EOE. However, the incidence of
RB-EOE is greatly influenced by the national income level.
In the Global RB-outcomes study that included 4064 pa-
tients from 149 countries, the incidence of RB-EOE was 1%
in HIC, 5% in UMIC, 20% in LMIC, and 43% in LIC.2 A
similar trend of inverse relationship between national
income level and incidence of RB-EOE was seen in the
current study at 1% in HIC, 2% in UMIC, 6% in LMIC, and
Table 4. Retinoblastoma with Extraocular Extension:
KaplaneMeier Survival Analysis

Months

Systemic Metastasis Death

No. of Events
Cumulative
Incidence No. of Events

Cumulative
Incidence

<12 32 20% 72 42%
12 9 28% 23 57%
24 1 29% 4 60%
36 0 29% 1 61%
48 0 29% 0 61%

4

31% in LIC. Though this study cohort is derived from the
Global RB-outcomes study, the relatively lower percentage
of RB-EOE is due to the exclusion of metastatic cases and
microscopic RB-EOE from the current study. Data from
single centers in LMIC or LIC have shown a much higher
incidence of RB-EOE, accounting for 52% to 85% of cases.
However, over the years, a decreasing trend in the occur-
rence of RB-EOE has been observed in many countries.3

The occurrence of advanced RB at presentation may be
related to a lack of awareness about RB, resulting in delayed
diagnosis and delayed access to appropriate care.11 In this
study, the lag time between the onset of symptoms and
presentation to the RB treatment center, as well as the
mean age at presentation to the RB treatment center, was
much higher for RB-EOE compared with RB-w/o-EOE.
However, within the RB-EOE cohort, the lag time was not
predictive of the outcomes including systemic metastasis or
death. Family history of RB was also less common in the
children with RB-EOE compared with those with RB-w/o-
EOE. The occurrence of RB in a family member may in-
crease awareness about RB, resulting in earlier health-
seeking behavior.

Retinoblastoma with extraocular tumor extension is a
poor prognostic factor with a higher risk of metastasis and
death. A multivariate analysis of 15 variables in 361 cases
by Kopelman et al12 revealed that RB-EOE has an odds ratio
of 21.6 for RB metastasis. Retinoblastoma metastasis is
associated with high rates of mortality. Rootman et al13

noted that only 9.4% of patients with RB-EOE lived for
>2 years after diagnosis, and death in these cases is likely
due to systemic metastasis. Based on our study, patients
with RB-EOE have a 13.5 times higher risk of metastasis
and 33 times higher risk of metastasis-related death
compared with RB-w/o-EOE. Most deaths occurred within
1 year of diagnosis of RB-EOE in our study. This un-
derscores the severity and more aggressive nature of RB-



Table 5. Retinoblastoma with Extraocular Extension: Cox Regression Analysis Based on Age, Lag Time, and Treatment Modality

Feature

Systemic Metastasis Death

Hazard Ratio (95% CI) P Value Hazard Ratio (95% CI) P Value

Age*
2e4 yrs 2.459 (0.931e6.497) 0.069 1.773 (0.986e3.187) 0.056
>4 yrs 3.163 (1.149e8.708) 0.026 2.912 (1.603e5.290) <0.001

Lag time
>2 mos vs. �2 mos 0.885 (0.459e1.706) 0.715 1.024 (0.575e1.826) 0.936

Treatment modalityy

Trimodalz vs. unimodalx þ bimodalk 2.253 (1.309e3.880) 0.003 1.179 (0.701e1.984) 0.534
Trimodalz vs. unimodal (surgery) 2.712 (1.011e7.277) 0.048 0.644 (0.234e1.774) 0.395
Trimodalz vs. unimodal (chemotherapy) 4.496 (2.081e9.714) <0.001 2.023 (1.244e3.240) 0.004
Trimodalz vs. bimodalk 2.187 (0.830e5.763) 0.113 1.819 (1.063e3.177) 0.027

Primary treatment modality in combination therapy{

Primary surgery 6.500 (1.310e32.246) 0.022 1.117 (0.363e2.704) 0.844

CI ¼ confidence interval.
*Reference: Age <2 years.
yReference: Trimodal therapy.
zTrimodal: Surgery, intravenous chemotherapy, and external beam radiotherapy.
xUnimodal: Surgery or intravenous chemotherapy.
kBimodal: Surgery and intravenous chemotherapy.
{Reference: Primary chemotherapy.
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EOE compared with when the cancer is contained within the
eye.

Protocol-based treatment plays a crucial role in
improving outcomes in cancer care. Although well-
documented protocols exist for the management of RB-w/
Figure 1. Retinoblastoma with extraocular extension: KaplaneMeier curves de
(C), and type of combination treatment (D).
o-EOE14 and are followed in the majority of oncology
centers across the globe, there is no uniform protocol for
RB-EOE. There seems to be a wide variation in the man-
agement of RB-EOE, as observed in the present global-scale
study. Although multimodal treatment was used in 54% of
picting overall survival (A), survival based on age (B), treatment modality

5
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cases, bimodal treatment (surgery and intravenous chemo-
therapy, 33%) was more common than trimodal treatment
(surgery, intravenous chemotherapy, and EBRT, 21%).
Based on our study, isolated treatment with primary
enucleation or primary orbital exenteration, or intravenous
chemotherapy is unlikely to increase the likelihood of life
salvage in RB-EOE. Various studies have shown that an
aggressive therapeutic approach, including combination
therapy with chemotherapy, surgery, and EBRT, is benefi-
cial in the treatment of RB-EOE.9,14e23 In a long-term study
of 20 patients with RB-EOE, a survival rate of 71% was
achieved at a median follow-up of 77 months, with the use
of multimodal treatment comprising 3 to 9 cycles of neo-
adjuvant chemotherapy followed by secondary enucleation/
orbital exenteration, 3 to 9 cycles of adjuvant chemotherapy
(a total of 12 cycles of chemotherapy including both neo-
adjuvant and adjuvant chemotherapy), and EBRT.9 In a
prospective international Children’s Oncology Group trial
(ARET-0321), including patients with microscopic RB-
EOE and overt RB-EOE, treated with a multimodal treat-
ment comprising chemotherapy, surgery, and EBRT, the 3-
year event-free survival was 88%.23 In the current study, the
patients who underwent only chemotherapy and surgery had
1.8 times higher chances of death compared with those
receiving multimodal treatment comprising chemotherapy,
surgery, and EBRT. The results did not show a
statistically significant increase in metastasis risk among
patients who did not receive trimodal treatment, which
may be attributed to missing metastasis data. Though our
study did not include microscopic RB-EOE, the results
were similar to the ARET-0321 study.23 This indicates that
the inclusion of EBRT in the treatment regimen significantly
enhances survival rates. Based on these findings, we
recommend multimodal treatment, including
chemotherapy, surgery, and EBRT for all patients with
RB-EOE. Although the availability of EBRT in LICs and
some LMICs remains a challenge, efforts should continue to
ensure that EBRT is accessible at all RB treatment centers.
This would help improve treatment outcomes and survival
rates for RB-EOE patients globally.

Various combinations of chemotherapeutic agents,
including vincristine, etoposide, carboplatin, cyclophos-
phamide, doxorubicin, idarubicin, and cisplatin in stan-
dard or high-dose have been attempted for RB-
EOE.9,15e24 In a recent prospective comparative study of
54 patients with RB-EOE receiving multimodal treatment
protocol including chemotherapy, surgery, and EBRT, it
was noted that patients treated with a 3-drug combination
of high-dose vincristine, etoposide, and carboplatin had
better 4-year survival rates at 63%, compared with 25% in
patients treated with the 5-drug combination of carbo-
platin and etoposide alternating with cyclophosphamide,
idarubicin, and vincristine.15 This finding highlights that
the 3-drug regimen is more effective in improving long-
term survival for patients with RB-EOE than the more
complex 5-drug regimen. In our study, data on the specific
chemotherapeutic agents and their doses were lacking.
Therefore, it is difficult to comment upon ideal chemo-
therapy agents and their doses for the treatment of RB-
EOE, based on the current study. In our study, patients
6

with RB-EOE who received protocol-based treatment
were more likely to have undergone a 3-drug chemo-
therapy regimen.

In this study, patients who underwent primary surgery
(enucleation or orbital exenteration) for RB-EOE had a 6.5
times higher risk of systemic metastasis compared with
those who received neoadjuvant chemotherapy before sur-
gery. Based on these findings, we recommend avoidance of
the primary surgical approach for patients with RB-EOE.
Neoadjuvant chemotherapy may play a role in reducing
the risk of systemic metastasis in patients with RB-EOE,
potentially improving overall outcomes and highlighting
the importance of considering multimodal treatment ap-
proaches in managing RB-EOE. Neoadjuvant chemotherapy
causes a dramatic response in RB-EOE, resulting in phthisis
bulbi in most cases, and rendering the eyes amenable to
secondary enucleation.9,15,18e22 With neoadjuvant chemo-
therapy, secondary orbital exenteration can be avoided in
most cases of RB-EOE.9,15,18e22

Combining the strengths of a good representation of RB-
EOE cases that presented to treatment centers across the
world in 2017 and unbiased prospective data collection, this
study likely provides robust and reliable insights into RB-
EOE treatment outcomes. Because this study was not
based on a uniform treatment protocol, indeed, the variation
in treatment protocols among different treatment centers can
offer a unique opportunity to identify the most beneficial
protocol for managing RB-EOE. The limitations of the
study include: (1) the capture rate of RB cases may not be
100%, especially in LICs where many patients may not
even reach the treatment center; (2) details of histopathol-
ogy data of the enucleated eyes were limited and hence did
not allow us to perform an in-depth analysis of the data
based on the specific high-risk histopathological features
such as extrascleral invasion and optic nerve invasion; (3)
the details of chemotherapy, including drugs, dose, and
regimen, the dose of EBRT, and complications of treatment,
were not available for a detailed analysis; (4) this study
enrolled patients from 2017 to 2020, but the availability of
treatment resources in the participating centers and practice
patterns may have changed over the next few years; (5)
disease presentation was heterogeneous across various na-
tions; and (6) the outcomes were not recorded for nearly
one-third of the patients with RB-EOE, as they did not
return for follow-up.

In conclusion, according to this global-scale analysis,
the risk of systemic metastasis and metastasis-related death
was 13.5 and 33 times higher in patients with RB-EOE
compared with RB-w/o-EOE at presentation. Patients
who underwent only chemotherapy and surgery had 1.8
times higher chances of death compared with those
receiving multimodal treatment comprising chemotherapy,
surgery, and EBRT. Patients who underwent primary sur-
gery for RB-EOE had a 6.5 times higher risk of systemic
metastasis compared with those who received neoadjuvant
chemotherapy before surgery. Overall, these findings bring
about the differences in the treatment patterns for RB-EOE
across the world and provide valuable insights into the
prognosis and management of RB-EOE, thus informing
clinical decision-making and emphasizing the importance
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of multimodal treatment strategies in improving patient
outcomes. Furthermore, the study emphasizes the need to
work toward a collaborative, standardized, evidence-based
approach to the management of RB-EOE.
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