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The Global Retinoblastoma Outcome Study: a prospective,
cluster-based analysis of 4064 patients from 149 countries

The Global Retinoblastoma Study Group*

Summary

Background Retinoblastoma is the most common intraocular cancer worldwide. There is some evidence to suggest
that major differences exist in treatment outcomes for children with retinoblastoma from different regions, but these
differences have not been assessed on a global scale. We aimed to report 3-year outcomes for children with
retinoblastoma globally and to investigate factors associated with survival.

Methods We did a prospective cluster-based analysis of treatment-naive patients with retinoblastoma who were
diagnosed between Jan 1, 2017, and Dec 31, 2017, then treated and followed up for 3 years. Patients were recruited from
260 specialised treatment centres worldwide. Data were obtained from participating centres on primary and additional
treatments, duration of follow-up, metastasis, eye globe salvage, and survival outcome. We analysed time to death and
time to enucleation with Cox regression models.

Findings The cohort included 4064 children from 149 countries. The median age at diagnosis was 23-2 months
(IQR 11-0-36-5). Extraocular tumour spread (cT4 of the cTNMH classification) at diagnosis was reported in
five (0-8%) of 636 children from high-income countries, 55 (5-4%) of 1027 children from upper-middle-income
countries, 342 (19-7%) of 1738 children from lower-middle-income countries, and 196 (42-9%) of 457 children from
low-income countries. Enucleation surgery was available for all children and intravenous chemotherapy was available
for 4014 (98-8%) of 4064 children. The 3-year survival rate was 99-5% (95% CI 98-8-100-0) for children from high-
income countries, 91-2% (89-5-93-0) for children from upper-middle-income countries, 80-3% (78-3-82-3) for
children from lower-middle-income countries, and 57-3% (52-1-63-0) for children from low-income countries. On
analysis, independent factors for worse survival were residence in low-income countries compared to high-income
countries (hazard ratio 16-67; 95% CI 4-76-50-00), cT4 advanced tumour compared to cT1 (8-98; 4-44-18-18), and
older age at diagnosis in children up to 3 years (1-38 per year; 1-23-1-56). For children aged 3-7 years, the mortality
risk decreased slightly (p=0-0104 for the change in slope).

Interpretation This study, estimated to include approximately half of all new retinoblastoma cases worldwide in 2017,
shows profound inequity in survival of children depending on the national income level of their country of residence.
In high-income countries, death from retinoblastoma is rare, whereas in low-income countries estimated 3-year
survival is just over 50%. Although essential treatments are available in nearly all countries, early diagnosis and
treatment in low-income countries are key to improving survival outcomes.
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Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Retinoblastoma is the most common cause of death from

reach 99% (mean follow-up 4-8 years, depending on age
group); in a single-centre study done in the UK (2002-14),°

eye cancer worldwide.! Early diagnosis and prompt
treatment can save a child’s life and the eye globe, with
useful vision retained in selected cases.

Being a rare malignancy, data on retinoblastoma
outcomes are sparse, especially from low-income and
middle-income countries.” Most evidence is from
treatment centres in high-income countries, although
patients in high-income countries of North America,
Europe, and Oceania combined represent less than
10% of global cases, whereas more than 80% of patients
with retinoblastoma reside in low-income and middle-
income countries in Africa, Asia, and Latin America.’

In a single-centre study done in the USA (1994-2014),*
the retinoblastoma survival rate was reported to
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it was reported to reach 100% (mean follow-up 5 years);
and in a single-centre study done in Japan (1984-2016),° it
was reported to reach 95% (10-year overall survival), with
most deaths occurring from trilateral retinoblastoma in
all three studies. In low-income countries, survival rates
are significantly lower: 60% (5-year survival) in a single-
centre study done in Uganda (2009-19),” 53% (follow-up
time not indicated) in a single-centre study done in
Senegal (2006-10),* and 24% (10-year survival) in a single-
centre study done in Nepal (1998-2008),° with the
majority of deaths in all three studies occurring from
metastatic spread.

We previously reported the clinical characteristics of a
global sample of children with retinoblastoma at the time
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Research in context

Evidence before this study

A literature search was done on PubMed from database inception
to October, 2020, with the search terms “retinoblastoma”; and
country name (eg, “Germany”) according to the World Bank list of
countries. No date or language restrictions were applied. We
included all original studies in which patients with retinoblastoma
were evaluated. Publications were identified from 92 countries,
with the vast majority of studies being from single
retinoblastoma centres. Three articles by the American Joint
Committee on Cancer Ophthalmic Oncology Task Force, all using
the same cohort of patients, were published in 2020, comparing
the outcome of treatment for retinoblastoma from 14 countries
with different national income levels, none of which were low-
income countries. Compared with high-income countries,
mortality was 10-3-times higher for upper-middle-income
countries and 9-3-times higher for lower-middle-income
countries. We found no study investigating retinoblastoma
outcomes on a global scale. Using PubMed and EMBASE, we also
did a systematic review of all original studies reporting data on
patients with retinoblastoma in African countries from Jan 1,
1989, to Dec 31, 2019. We used no language barriers. Following
removal of duplicate entries, and screening of titles, abstracts,
and the full text, we identified 44 original manuscripts from 24 of
54 countries in Africa. Reported survival rates ranged from 23%
(Zimbabwe) to 100% (Egypt).

of diagnosis, who presented to specialised treatment
centres across the world in 2017’ Late presentation with
advanced disease was strongly associated with the
economic grouping of the country of residence. Here, we
aimed to investigate 3-year outcomes in the same global
cohort of children with retinoblastoma.

Methods

Study design and participants

This study adhered to the Guidelines for Accurate and
Transparent Health Estimates Reporting (GATHER)
statement® and the STrengthening the Reporting of
OBservational studies in Epidemiology (STROBE)
statement." This prospective cluster-based analysis
followed wup the cohort of 4351 children with
retinoblastoma from 153 countries who presented to
278 treatment centres worldwide in 2017 (known as the
Global Retinoblastoma Presentation Study).’ Details of
the Global Retinoblastoma Presentation Study have
been reported previously.’ In brief, during 2017-18, all
known retinoblastoma centres across the world were
contacted to form a global network. Centres involved in
the diagnosis and treatment of patients with
retinoblastoma were eligible to participate. The Global
Retinoblastoma Presentation Study was a 1-year cross-
sectional analysis that included all treatment-naive
patients with retinoblastoma who presented to
participating centres from Jan 1, 2017, to Dec 31, 2017,

Added value of this study

This prospective cluster-based analysis reports 3-year
outcomes of 4064 treatment-naive patients with
retinoblastoma recruited in 2017 from 149 countries,
including 41 African countries. It is estimated that this cohort
represents approximately half of all new children diagnosed
with retinoblastoma worldwide in 2017. Our findings show
that in high-income countries retinoblastomais a curable
disease with nearly 100% survival, whereas in low-income
countries survival after 3 years is just over 50%. Life-saving
treatments were reported to be available in nearly all
countries. Risk factors for this huge disparity in survival
included the income level of the country of residence (low
income vs high income), extraocular retinoblastoma at
diagnosis, and older age at diagnosis (up to age 3 years).

Implications of all the available evidence

This study reports a huge global inequity in the prognosis of
retinoblastoma in children. It provides evidence for action at
national and international levels, including the WHO Global
Initiative for Childhood Cancer, which aims to provide
leadership and technical assistance to governments to
develop high-quality childhood cancer programmes to
improve survival and reduce suffering.

and who were treated or offered treatment for
retinoblastoma. Following the Global Retinoblastoma
Presentation study, which focused on clinical and
epidemiological data at the time of diagnosis, all centres
were invited to participate in a prospective analysis to
report 3-year outcomes of patients from the original
sample.

Participating centres were asked to submit information
about primary and additional treatments, duration of
follow-up, metastasis, eye globe salvage, and survival
outcome. Information about the impact of the COVID-19
pandemic was also requested, as the pandemic emerged
during the study period. All data were combined with the
previously reported presentation data,’ including sex, age
at diagnosis, laterality, familial retinoblastoma, and clinical
tumour, node, metastasis, and heredity ((CTNMH) stage.”

Using the Global Retinoblastoma Study Group
network, we also attempted to contact additional
treatment centres that had not previously participated in
the Global Retinoblastoma Presentation Study. New or
existing centres that added new patients were asked to
submit both the presentation data and the outcome data.
All participating centres were asked to submit the
completed forms in early 2020; however, because of the
COVID-19 pandemic, the first form was received on
July 3, 2020, and the last on March 31, 2021. For each
form received, a process of data quality assurance was
done, as previously described.’ Information on sex, the
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patient’s country of residence, laterality, and death status
at last follow-up (including unknown) was obligatory for
a patient to be included.

This study was approved by the Institutional Review
Board of the London School of Hygiene & Tropical
Medicine (London, UK), which granted a waiver of
informed consent. Participating centres applied for and
received local ethics approval.

Data analysis

Analyses were done with R software (version 3.5.2). For
survival analysis, all-cause mortality was used. Time
from diagnosis to death was summarised by Kaplan-
Meier curves. The analysis of time from diagnosis to
enucleation (or exenteration) accounted for the
competing risk of death, as patients who die with an
intact eye globe present a special type of censoring. We
used the standard approach of computing cumulative
incidence curves for enucleation, adjusted for the
competing risk of death.” These curves provide consistent
estimates of the proportion of patients who will undergo
enucleation by a given time, accounting for prior death.
In the case of bilateral eye globe loss, the first event was
used for analysis.

For both time to death and time to enucleation, the
association with potential risk factors or protective factors
was analysed with Cox regression models. Smoothing
splines were fitted for continuous factors to assess
possible non-linear associations with risk. When such
associations were found, they were replaced by linear
splines for ease of interpretation. The knot locations for
the linear splines were fixed on the basis of the smoothing
spline analysis. The proportionality assumption of the
Cox regression model was checked with Schoenfeld
residuals.

All models included as potential risk or protective
factors the economic grouping of the patient’s country,*
primary tumour stage (cT) and hereditary (H) category
according to the eighth edition of the American Joint
Committee on Cancer (AJCC) Staging Manual,” age at
diagnosis, and indicators for sex, laterality, and familial
retinoblastoma. Age at diagnosis was found to have a
non-linear relationship with both survival and eye globe
salvage. The preliminary analyses were done with
smoothing splines, and the subsequent analyses with
linear splines are shown in the appendix (pp 1-2). All
analyses were clustered by treatment centre nested
within the patient’s country of residence. Robust
standard errors, reflecting the clustering, were used to
compute two-tailed p values and 95% Cls. Initial p values
are presented, also after correction with Bonferroni's
method (multiplied by 13, the number of terms in each
Cox model).

Missing values in the risk factors and protective factors
were imputed as the most common value (for categorical
variables) or the median value (for age at diagnosis) within
the patient’s economic group. To account for missing
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outcome data, the analyses used inverse probability
weighting, assuming data were missing at random.” The
probability of having data was estimated separately for
each outcome by fitting a logistic regression model
using the same factors listed above as predictors. Linear
relationships to all factors were assumed in these models.
Missing data for any of the categorical variables defined an
additional category, so that the model accounted for the
fact that patients with any of these missing data might also
be more likely to have missing data on outcomes. Missing
age at diagnosis was handled by assigning the average age
in place of the missing values for age, and including an
indicator for those missing the predictor. Patients declared
to be alive or have an unknown death status and a follow-up
time of zero were treated as missing the outcome.

Sensitivity analyses were done to ascertain whether the
above decisions had an effect on the findings. These
analyses included the use of inverse probability weights,
imputation of missing factors versus deletion, the simple
imputation versus multiple imputation from marginal
distributions, extending the declaration of missing
survival outcomes to participants with a follow-up of
1 month or less, and the possibility that the relationship
of survival or eye globe salvage to age at diagnosis differs
by hereditary status.

Role of the funding source
The funder had no role in study design, data collection,
data analysis, data interpretation, or writing of the report.

Results

Of the 4351 patients included in the Global
Retinoblastoma Presentation Study, 59 were excluded
from the present analysis because of unavailable data,
misdiagnosis, unmet inclusion criteria, or duplicate
reporting, and 333 opted out as the corresponding
centres did not want to participate in the study. An
additional 105 newly recruited patients were added to the
cohort. Overall, the study cohort therefore comprised
4064 treatment-naive patients, residing in 149 countries,
who presented to 260 treatment centres worldwide
in 2017, and received or were offered treatment for
retinoblastoma (figure 1). 480 (11-8%) of 4064 children
were from low-income countries, 1791 (44-1%) were from
lower-middle-income countries, 1151 (28-3%) were from
upper-middle-income countries, and 642 (15-8%) were
from high-income countries. Asia had 2112 (52-0%) of
4064 cases, Africa had 958 (23-6%), Europe had
483 (11-9%), Latin America and the Caribbean had
309 (7-6%), North America had 182 (4-5%), and Oceania
had 20 (0-5%).

The median age at diagnosis was 23-2 months
(IQR 11-0-36-5), 1827 (45-0%) of 4064 patients were girls,
2809 (69-1%) of 4064 presented with unilateral disease,
and 194 (4-9%) of 3958 patients had familial
retinoblastoma. The most common ¢INMH categories
were ¢T3 (1824 [47-3%)] of 3858), NO (3164 [79-3%]

See Online for appendix
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Global Retinoblastoma Presentation Study

278 centres reported 4351 patients from 153 countries (28 low-income countries,
44 lower-middle- income countries, 37 upper-middle-income countries,
44 high-income countries)

21 centres opted out; 333 patients from
17 countries (4 low-income countries, 5 lower-
middle-income countries, 5 upper-middle-
income countries, 3 high-income countries)

21 centres excluded 59 patients from 16 countries
(2 low-income countries, 10 lower-middle-
income countries, 2 upper-middle-income
countries, 2 high-income countries)

48 missing charts
4 not treatment naive
2 reported twice
5 misdiagnosed

17 existing centres reported 52 new patients
from 14 countries (2 low-income countries,
5 lower-middle-income countries, —»
5 upper-middle-income countries,
2 high-income countries)

4 new centres reported 53 new patients from
4 countries (1 lower-middle-income country, |
3 high-income countries)

A 4

Global Retinoblastoma Outcome Study

260 centres reported 4064 patients from 149 countries (26 low-income countries,
42 lower-middle-income countries, 36 upper-middle-income countries,
45 high-income countries)

Figure 1: Study flowchart

Of the original 278 centres that participated in the Global Retinoblastoma Presentation Study, 21 opted out of the
Global Retinoblastoma Outcome Studly, a single centre from an African country had originally reported data for a
single child, which was later excluded because of misdiagnosis, and four new centres joined the Global
Retinoblastoma Outcome Study, reaching a total of 260 participating centres.
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0f 3988), MO (3683 [92- 5%] of 3981), and HX (2359 [59-49%]
of 3973). These data were available for 94-9% or more
patients in the cohort and for 89-2% or more patients in
the subanalysis by national income level. Extraocular
tumour spread (cT4 of the cTNMH classification) at
diagnosis was reported in five (0-8%) of 636 children
from high-income countries, 55 (5-4%) of 1027 children
from upper-middle-income countries, 342 (19-7%) of
1738 children from lower-middle-income countries, and
196 (42-9%) of 457 children from low-income countries.

The clinical characteristics at presentation, analysed by
national income level and data availability, are shown in
the appendix (p 3).

Enucleation surgery was available for all patients, and
intravenous chemotherapy was available for 4014 (98 - 8%),
being unavailable in six treatment centres in six countries
(two low-income countries, two lower-middle-income
countries, and two upper-middle-income countries;
appendix p 5). Detailed treatment data were available for
4043 (99-5%) patients (appendix pp 4-5). 1937 (47-9%) of
4043 patients received intravenous chemotherapy as

primary treatment. Primary enucleation or, rarely,
exenteration was done in 1625 (40-2%) of 4043 patients.
Primary intraophthalmic artery chemotherapy was done
in 304 (7-5%) of 4043 patients, none of whom were from
low-income countries. Primary palliative therapy was
given in 48 (1-2%) of 4043 children, all from low-income
countries and lower-middle-income countries, and
upfront treatment refusal was reported in 255 (6-3%) of
4043 patients.

For new or recurring tumours, additional main
treatments  included intravenous chemotherapy
(1311 [32-4%)] of 4043), enucleation (1052 [26-0%)]), laser
or cryotherapy (995 [24-6%)]), intra-ophthalmic artery
chemotherapy (421[10-4%]), or intravitreal chemotherapy
(343 [8-5%]). Various types of radiotherapy were given to
195 (4-8%) of 4043 patients. Transformation to palliative
therapy after initial intent to cure was reported in
18 (0-4%) of 4043 children, and treatment abandonment
after initial treatment was reported in 155 (3-8%)
patients.

The median follow-up time was 33-2 months
(IQR 12-6-39-5), based on 3673 (90-4%) of 4064 reports
(table 1). During follow-up, 77 (2-7%) of 2809 patients
who presented with unilateral retinoblastoma developed
bilateral disease.

Death was reported in 519 (12-8%) of 4064 patients.
146 (30-4%) of 480 patients were from low-income
countries, 276 (15-4%) of 1791 were from lower-middle-
income countries, 92 (8-0%) of 1151 were from upper-
middle-income countries, and five (0-8%) of 642 were
from high-income countries (table 1). 472 (90-9%) of
519 deaths were from retinoblastoma and 18 (3-5%) of
519 deaths were from related treatment complications,
compared with four (0-8%) of 519 deaths from other
causes; for 25 (4-8%) of 519 deaths the cause was not
indicated. 307 (59-2%) of 519 deaths followed a diagnosis
of metastatic spread.

The Kaplan-Meier survival estimate for the cohort,
stratified by national income level, is shown in figure 2.
For the entire cohort, the 1-year survival rate
was 90-7% (95% CI 89-8-91-6), the 2-year survival rate
was 86-2% (85-1-87-3), and the 3-year survival rate was
84-5% (83-3-85-7). The 1-year, 2-year, and 3-year survival
rates by national income level and by clinical stage at
presentation are shown in the appendix (p 6). In low-
income countries, the survival rate declined from 74-4%
(95% CI 70-3-78-8) at 1 year to 57-3% (52-1-63-0) at
3 years, in lower-middle-income countries it declined
from 88-4% (86-8-90-0) at 1 year to 80-3% (78-3-82-3)
at 3 years, in upper-middle-income countries it declined
from 95-19 (93-8-96-4) at 1 year to 91-29% (89-5-93-0)
at 3 years, whereas in high-income countries it declined
from 99-8% (99-5-100-0) at 1 year to 99-5% (98-8
100-0) at 3 years. Overall, for cT1-cT3, the survival rate
was 90-5% or higher at 3 years, whereas for cT4 it
declined from 55-0% (95% CI 50-8-59-6) at 1 year
to 31-9% (27-6-36-9) at 3 years.
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Low income Lower-middle income  Upper-middle income High income Total
Enucleation*
Yes 349/474 (73-6%); 1197/1783 (67-1%); 715/1148 (62-3%); 381/638 (59.7%); 2642/4043 (65-3%)
349/2642 (132%) 1197/2642 (45-3%) 715/2642 (27-1%) 381/2642 (14-4%)
No 125/474 (26-4%); 586/1783 (32:9%); 433/1148 (37-7%); 257/638 (40-3%); 1401/4043 (34-7%)
125/1401 (8-9%) 586/1401 (41-8%) 433/1401 (30-9%) 257/1401 (18-3%)
Total 474/480 (98-8%) 1783/1791(99-6%) 1148/1151 (99-7%) 638/642 (99-4%) 4043/4064 (99-5%)
Metastasist
Yes 129/480 (26-9%); 267/1791 (14-9%); 112/1151 (9:7%); 11/642 (1-7%); 519/4064 (12-8%)
129/519 (24-9%) 267/519 (51-4%) 112/519 (21-6%) 11/519 (2:1%)
No 144/480 (30-0%); 1129/1791 (63-0%); 890/1151 (77:3%); 566/642 (88-2%); 2729/4064 (67-2%)
144/2729 (5-3%) 1129/2729 (41-4%) 890/2729 (32:6%) 566/2729 (20.7%)
Unknown 207/480 (43-1%); 395/1791 (22-1%); 149/1151 (12-9%); 65/642 (10-1%); 816/4064 (20-1%)
207/816 (25-4%) 395/816 (48-4%) 149/816 (18-3%) 65/816 (8-0%)
Survival statusti
Dead 146/480 (30-4%); 276/1791 (15-4%); 92/1151 (8-0%); 5/642 (0-8%); 519/4064 (12-8%)
146/519 (28-1%) 276/519 (53-2%) 92/519 (17:7%) 5/519 (1-0%)
Alive 334/480 (69-6%); 1515/1791 (84-6%); 1059/1151 (92:0%); 637/642 (99-2%); 3545/4064 (87-2%)
334/3545 (9-4%) 1515/3545 (42-7%) 1059/3545 (29-9%) 637/3545 (18-0%)
Cause of death
Retinoblastoma 140/146 (95-9%); 247/276 (89-5%); 80/92 (87-0%); 5/5 (100-0%); 472/519 (90-9%)
140/472 (29-7%) 2471472 (52:3%) 80/472 (16-9%) 5/472 (1-1%)
Retinoblastoma 1/146 (0-7%); 14/276 (5-1%); 3/92 (3-3%); 0 18/519 (3:5%)
treatment complication 1/18 (5-6%) 14/18 (77-8%) 3/18 (16:7%)
Other causes§ 2/146 (1-4%); 1/276 (0-4%); 1/92 (1-1%); 0 4/519 (0-8%)
2/4 (50-0%) 1/4 (25-0%) 1/4(25:0%)
Data missing 3/146 (2:1%); 3/25 14/276 (5-1%); 8/92 (8-7%); 0 25/519 (4-8%)
(12:0%) 14/25 (56-0%) 8/25 (32:0%)
Follow-up
Follow-up time, months 14-7 (4-9-30-8) 29:5(7-3-387) 358 (23:0-40-3) 37:1(32:6-41-3) 33:2(12:6-39-5)
Data available 414/480 (86:3%) 1598/1791 (89-2%) 1038/1151 (90-2%) 623/642 (97-0%) 3673/4064 (90-4%)
Data are n/N (%) or median (IQR). Percentages within the national income level and within the evaluated variable are shown. *Per patient, enucleation or exenteration,
primary or secondary, one or both eyes. tData were completed for all study patients. fTrilateral retinoblastoma was reported in seven (1-3%) of 519 patients. SOther causes of
death were trauma, cardiac arrest, intestinal obstruction, and malaria.
Table 1: 3-year outcomes in 4064 new patients with retinoblastoma diagnosed in 149 countries in 2017, by national income level

Table 2 summarises the results of the clustered and
weighted Cox proportional hazards models for survival.
Both the income level of the country of residence
(low income vs high income; hazard ratio 16- 67 [95% CI
4-76-50-00]) and extraocular retinoblastoma at
diagnosis (cT4 vs cT1; 8-98 [4-44-18-18]) were found to
be associated with all-cause mortality. On analysis of
age at diagnosis, for children aged 0-3 years, the risk of
all-cause mortality steadily increased; for children aged
3-7 years, the risk remained almost the same, with a
slight decrease over this period (p=0-0104). After
7 years, the all-cause mortality risk steadily decreased;
however, the change in the slope was not significant.
Sex, familial retinoblastoma, ¢T2 and ¢T3 (compared to
cT1), laterality, residence in lower-middle-income
and upper-middle-income countries (compared to low-
income countries), and hereditary retinoblastoma were
not significantly associated with survival. Sensitivity
analyses showed little change from the primary
analysis and no difference in the main conclusions
(appendix pp 7-12).
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Distant metastasis by 3 years of follow-up was reported
in 519 (12-8%) of 4064 patients (not to be confused
with the 519 reported deaths), of whom 86 (16-6%) were
alive at 3 years. The median time from diagnosis of
the primary tumour to diagnosis of metastasis was
3-8 months (IQR 0-2-11-1), based on 260 (50-1%) of
519 patients.

Of the study cohort, 2642 (65-3%) of 4043 underwent
enucleation (table 1). Both eyes were enucleated from
122 (3-0%) patients. For the entire cohort, the cumulative
incidence of enucleation was 63-1% (95% CI 61-4-64-8)
at 1 year, 66-8% (65-1-68-5) at 2 years, and 69-0%
(67-4-70-7) at 3 years (appendix p 13).

Table 3 summarises the clustered and weighted
Cox proportional hazards model for enucleation. Of the
variables included in the analysis, primary tumour
category (cT1 compared to cT2, ¢T3, or cT4) was found to
be associated with a lower risk of enucleation as an
outcome. On analysis of age at diagnosis, for children
aged 0—4 years, the risk of enucleation increased as a
function of age, and then steadily decreased (p=0-0039).
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Figure 2: Survival analysis for the full cohort and by income group
(A) Kaplan-Meier survival plot for the entire cohort. (B) Kaplan-Meier survival plot by income group.
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Children with unilateral retinoblastoma were more likely
to have enucleation than children with bilateral disease.
Other variables, including national income level, sex,
family history of retinoblastoma, and hereditary status
did not achieve significance. Sensitivity analyses were
done (appendix pp 14-17) as outlined in the Methods, all
of which showed little change from the primary analysis.

None of the deaths that occurred during 2020
(20 [3-9%] of 519) and none of the enucleations done
during this period (40 [1-5%] of 2677) were associated
with the COVID-19 pandemic or a delay in treatment
because of the pandemic.

Discussion

This study shows that a large disparity exists in the
survival rate of children with retinoblastoma depending
on the economic level of their country of residence.
The largest gap, a difference of nearly 17 times, was
found between children from high-income countries
and low-income countries. In high-income countries,
retinoblastoma is considered a curable disease, and death

is a rare event, whereas we found that in low-income
countries just over 50% of children with retinoblastoma
remained alive 3 years after diagnosis.

At the time of diagnosis, 40% of children from
low-income countries compared with less than 1% from
high-income countries had extraocular tumour spread,
and children with an extraocular tumour had a nearly
ten-times increased risk of dying compared to those with
early intraocular disease. However, low-income status
remained a major risk factor for death independently of
the stage at diagnosis. Variations in management options
by country income level are a possible contributing
factor. Enucleation and intravenous chemotherapy,
which can save a child’s life, were readily available in
nearly all centres and countries. However, we previously
reported differences in the availability of sophisticated
treatments and investigation facilities in low-income
and middle-income countries (such as MRI, targeted
chemotherapy, radiotherapy, and focal treatments).’
Another possibility is that children in low-income
countries present with a more biologically aggressive
form of disease, a suggestion that had emerged from our
presentation data.’

Age at diagnosis independently predicted survival,
although its impact was not as significant as the other
factors. The risk of death increased until 3 years of age,
remained the same for children aged 3-7 years, and then
decreased. The latter change in slope, however, was not
significant, possibly due to the small number of patients
in this age group. Retinoblastoma is believed to develop
through a benign retinoma stage, which is typically
transient.® It is possible that in children who were
diagnosed after the age of 3 years, there was initially a
longer retinoma phase, which failed to become fully
inactive, gradually becoming larger. At a later age, it
eventually escapes the senescence route and begins to
develop increasing grades of anaplasia. These tumours
might be less advanced than a rapidly transforming
retinoma. This hypothesis is speculative, however, and
requires further investigation.

The AJCC Ophthalmic Oncology Task Force reported
outcomes of patients diagnosed with retinoblastoma in
14 countries.” The 5-year survival rate was 99% for
patients residing in high-income countries, 89% for
those residing in upper-middle-income countries, and
90% for those residing in lower-middle-income countries.
Of the study cohort, 41% of patients were from high-
income countries, substantially more than the estimated
global incidence in this economic group, and no patients
from low-income countries were included. In 2010, a
systematic review reported survival after retinoblastoma
in 48 low-income and middle-income countries.? Patients
from high-income countries were not included, and
many of the analysed countries have since migrated their
income level classification. Moreover, a survival analysis
was not done but instead a global estimate was given for
each country without indicating the length of survival.
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Reported survival rates were 40% in low-income
countries, 77% in lower-middle-income countries, and
79% in upper-middle-income countries. We recently
did a systematic literature search of the PubMed and
EMBASE databases (unpublished data), including
clinical case series of retinoblastoma in African countries
from Jan 1, 1989, to Dec 31, 2019, and identified only
44 original reports from 24 of 54 countries in Africa
during this period. Survival rates ranged widely, from
23% in Zimbabwe to 100% in Egypt. We are not aware of
any other large-scale multinational studies that have
investigated survival after retinoblastoma.

In the present study, enucleation or exenteration of at
least one eye was reported in approximately two-thirds of
the cohort, and 3% of patients lost both eyes in an
attempt to save their life. In a recent study by the AJCC
Ophthalmic Oncology Task Force,® based on a cohort
reported earlier,” 55% of patients underwent primary or
secondary enucleation. Neither exenteration surgery nor
the rate of bilateral enucleation were reported.

In our study, loss of an eye was not related to the income
level of the patient’s country. Preserving an eye, even with
relatively poor vision, is desirable, but not at the cost of
risking the patient’s life. Despite the introduction of
new eye-preserving treatment modalities,”” enucleation
remains an important treatment option across the world.

Notably, 2-7% of patients who presented with unilateral
disease developed retinoblastoma in the associated eye
during follow-up. Careful follow-up of children with
unilateral retinoblastoma, including screening for
germline RBI mutation, is of utmost importance. A
family history of retinoblastoma and young age at
diagnosis indicates hereditable retinoblastoma and a high
chance of bilateralisation in the course of disease.
Germline RBI mutation status is generally not known at
the time of diagnosis when treatment decisions are made.
Moreover, genetic testing is not readily available in many
countries, and rarely available in low-income countries.?

The main factor associated with eye globe salvage was
tumour stage at presentation. Children with cT2-T4
retinoblastoma were less likely to have their eye salvaged
than children with cT1. The hazard ratios for stages cT2,
¢T3, and cT4 did not show a gradual increase; rather, the
highest hazard ratio was for ¢T3 (7-51; 95% CI
4.58-12-31). Possible explanations for the relatively lower
hazard ratio for children with ¢T4 tumours are death
before enucleation and palliation by chemotherapy only.

Age was another important predictor of eye globe
salvage, showing a non-linear relationship with the risk
of enucleation, increasing until age 4 years, and then
decreasing. Further investigation of the number of ¢T3
and cT4 cases (data not shown), for which enucleation
was a common treatment option, showed no apparent
relationship with the age-stratified globe salvage model,
suggesting that other factors might be of importance.
Further investigation of the relationship between age at
diagnosis and risk of enucleation is warranted.
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Coefficient Robust Zscore p value HR (95% CI)
standard error (correctedt)

Income level of country of residence

Low income Ref 1.00

Lower-middle income -0-301 0-207 -1-455 0-146 (0-99) 073 (0-49-1-11)

Upper-middle income -0-622 0-260 -2:397 0-017 (0-221) 0-54 (0:32-0-89)

High income -2.821 0651 -4-330 <0:0001 (0-0002)  0-06 (0-02-0-21)

All agest

HR per month 0-027 0-005 4-941 <0-0001 (<0-0001) 1.03 (1-02-1-04)

HR per year 0324 006 4941 <0-0001 (<0-0001) 1:38 (1-23-1.56)

Age >3 years

HR per month -0-028 0-008 -3-368 0-0008 (0-0104)  0-97 (0-96-0-99)

HR per year -0-336 0-096 -3:368 0-0008 (0-0104)  0-71(0-59-0-86)

Age >7 years

HR per month -0-021 0-016 -1.315 0-188 (0-99) 0-98 (0-95-1-01)

HR per year -0-252 0192 -1.315 0-188 (0-99) 0-78 (0-53-1-13)

Bilaterality

Unilateral Ref 1.00

Bilateral 0-471 0-567 0-831 0-41(0-99) 1-60 (0-53-4-87)

Primary tumour

Tl Ref 1.00

T2 0-065 0-295 0-221 0-825(0:99) 1-07 (0-60-1-90)

T3 0-171 0336 0-509 0-611(0-99) 119 (0-61-2-29)

T4 2:196 0-360 6-104 <0-0001 (<0-0001) 898 (4-44-18-18)

Sex

Male Ref - 1.00

Female 0129 0-077 1.669 0-095 (0-99) 114 (0-98-1:32)

Family history of retinoblastoma

Yes Ref 1.00

No 0182 0333 0-546 0-585 (0-99) 1.20 (0-62-2:31)

Hereditary retinoblastoma

Non-hereditary Ref 1.00

Hereditary§ -0-265 0-585 -0-454 0-650 (0-99) 0-77 (0-24-2-41)
HR=hazard ratio. *Overall, 500 observations were dropped from the survival analysis because of missing observation
time. tMultiplied by 13, according to Bonferroni’s model. $Age included in the analysis as a continuous variable.
Further details of the relationship between age and log hazard for both survival and eye globe salvage are provided in
the appendix (pp 1-2). SHereditary refers to bilateral or trilateral retinoblastoma, positive family history, or positive
blood RB1 mutation (H1 in cTNMH).
Table 2: Cluster-weighted Cox proportional hazards models for survival at 3 years in 4064 new patients
with retinoblastoma diagnosed in 149 countries in 2017*

Patients in this study were enrolled in 2017, and treated
and followed up until a closing date of March 31, 2021.
COVID-19, which was first detected in China in
December, 2019, and subsequently developed into a
pandemic, unexpectedly changed medical priorities and
policies profoundly throughout the world, potentially
affecting patients in our cohort. A previous survey, done
in March to April, 2020, involving retinoblastoma
specialists from 194 treatment centres in 94 countries,
concluded that a shift in health-care resources and
COVID-19 pandemic policies across the world might
negatively affect children, especially those with new
retinoblastomas.” These concerns, however, were not
confirmed in the present study, and suggest that our

For more on the pandemic see

https://covid19.who.int/
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Coefficient Robust Zscore p value HR (95% Cl)
standard (correctedt)
error

Income level of country of residence

Low income Ref 1.00

Lower-middle income ~ -0-178 0116 -1.527 0-127 (0-99) 0-84 (0-67-1-05)

Upper-middle income ~ -0-353 0-202 -1.747 0-08 (0-99) 0-70 (0-47-1-04)

High income -0-166 0171 -0-971 0-332 (0-99) 0-85 (0-61-1-18)

All agest

HR per month 0-007 0-002 3-322 0-0009 (0-0117) 1.01(1-00-1-01)

HR per year 0-084 0-024 3-322 0-0009 (0-0117) 1.09 (1-04-1-14)

Age >4 years

HR per month -0-012 0-003 -3.598 0-003 (0-034) 0-99 (0-98-1-00)

HR per year -0-144 0-036 -3.598 0-003 (0-034) 0-87 (0-81-0-93)

Laterality

Unilateral Ref 1.00

Bilateral -0-428 0142 -3.010 0-002 (0-026) 0-65 (0-49-0-86)

Primary tumour

cT1 Ref 1.00

T2 1.024 0-226 4.529 <0-0001 (<0-0001) 278 (1.79-4-34)

T3 2:021 0-252 8.027 <0-0001 (<0-0001)  7-54 (4-61-12:36)

T4 1510 0318 4748 <0-0001 (<0-0001)  4-53 (2-43-8-45)

Sex

Male Ref 1.00

Female 0:077 0-059 1290 0-197 (0-99) 1.08 (0-96-1-21)

Family history of retinoblastoma

Yes Ref 1.00

No 0-299 0178 1.678 0-093(0-99) 1-35(0-95-1-91)

Hereditary retinoblastoma

Non-hereditary Ref 1.00

Hereditary§ -0-121 0124 -0.975 0-330 (0-99) 0-89 (0-70-1-13)
HR=hazard ratio. *Overall, 797 observations were dropped from the eye globe salvage analysis because of missing
observation time. tMultiplied by 13, according to Bonferroni’s model. +Age included in the analysis as a continuous
variable. Further details of the relationship between age and log hazard for both survival and eye globe salvage are
provided in the appendix (pp 1-2). SHereditary refers to bilateral or trilateral retinoblastoma, positive family history, or
positive blood RB1 mutation (H1 in cTNMH).
Table 3: Cluster-weighted Cox proportional hazards models for eye globe salvage at 3 years in 4064 new
patients with retinoblastoma diagnosed in 149 countries in 2017*
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findings might be generalised, and do not represent a
biased global outcome of patients with retinoblastoma in
response to the COVID-19 pandemic.

The data presented here highlight the importance
of the four pillars of the WHO Global Initiative for
Childhood Cancer (CURE-ALL): centres of excellence
and care networks, universal health coverage, regimens
for management, and evaluation.” Improved care
networks and universal health coverage will promote
early presentation and diagnosis. Expansion of centres of
excellence and improved management regimens will
address best management practice. Together with
monitoring and evaluation, this will improve survival
outcomes for children with retinoblastoma in low-income
and middle-income settings. Datasets such as this can
help establish global norms as called for in the WHO
Global initiative for Childhood Cancer and lead to

refinement and standardisation of locally appropriate
management regimens to improve outcomes. The high
response rate and degree of collaboration shown by this
project raises the possibility of a live clinical data
repository. Such a live collaboration could, in time,
provide guidance on evidence-based management.

Our study has several strengths. First, it is, to the best
of our knowledge, the largest and most geographically
comprehensive study on retinoblastoma outcomes to
date. Second, patients were prospectively followed up
from presentation for a median time of nearly 3 years, a
duration in which most events (ie, death and enucleation)
occur.” Third, the data were analysed by methods that
take into account clustering, and tested with several
sensitivity analyses, showing that the initial methodology
selections were appropriate, and that our findings
represent real-world outcomes of patients with
retinoblastoma.

The main limitation of this study is that this cohort is
based on the original convenience sample of the Global
Retinoblastoma Presentation Study; however, the original
sample comprised an estimated half of new cases that
presented to treatment centres in most countries in 2017
We have shown that most patients of the missing half are
from low-income and middle-income countries,’ and
that the capture rate falls within the national income
level category. Some of these patients, especially those
from low-income countries, never reach a treatment
centre,” and they probably stand no chance of survival.”
Of the cohort, 45% of patients were girls. On a recent
analysis of the global dataset,® no evidence of sex
predilection was found, but there was a possibility of
gender discrimination in favour of boys who are brought
to treatment centres in some parts of Asia. Because of
the large size and geographical spread of the cohort, the
obtained data related to treatments (available per country
and given de facto) were limited to the type of treatment,
without further details about the specific treatment
protocol, complications, and related side-effects.
Similarly, treatment refusal was reported to occur or not,
before or after initial treatment was given, with no
further details, and therefore no related subanalyses
were done. Information about the impact of COVID-19
was limited as it was based on a survey addressing the
caregivers in the treatment centres. Children lost to
follow-up before the pandemic could potentially have
been affected by the pandemic, data for which were not
available to us. Nevertheless, it is our assumption that
the impact of the COVID-19 pandemic on this cohort of
patients was negligible. Age at diagnosis was not linearly
linked to survival risk. The best fitting models were used
for analysis, but they too were statistical approximations.
Age, however, had only a minimal impact compared to
the other variables.

In conclusion, according to this prospective global
analysis, despite the availability of potentially curative
treatment modalities in nearly all countries, profound
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inequity in mortality from retinoblastoma persists. In
high-income countries, nearly 100% of children with
retinoblastoma survive, whereas in low-income countries
just over 50% remain alive 3 years after diagnosis, if
brought at all to receive treatment. Around three in
100 children with retinoblastoma still lose both eyes.
Better awareness of the early signs of retinoblastoma,
improving access to timely diagnosis, and implementing
existing guidelines and treatment recommendations
aimed at children in low-income and middle-income
countries”® are crucial to improving retinoblastoma
outcomes worldwide. Notably, life-saving treatment was
available in nearly all participating centres irrespective of
the country of residence. Findings of the present study
provide an evidence base for prioritisation and planning
for the WHO Global Initiative for Childhood Cancer,
which aims to assist governments to support building
sustainable, high-quality childhood cancer programmes
to improve survival and reduce suffering.

The Global Retinoblastoma Study Group
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