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• PURPOSE: To compare the clinical outcomes of chil- 
dren with unilateral retinoblastoma (Rb) and high-risk 

histopathology features (HRHF) following upfront enu- 
cleation with/without adjuvant chemotherapy, and inves- 
tigate cases locally considered non-HRHF but converted 

to a standardized HRHF definition. 
• DESIGN: Retrospective multinational clinical cohort 
study. 
• METHODS: Children with Rb who presented to 21 

centers from 12 countries between 2011-2020, and un- 
derwent primary enucleation were recruited. Centers 
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retrieved clinical data and were asked to report detailed 

histopathology findings, as well as indicate cases defined 

locally as high-risk. For analysis, only unilateral cases 
with standardized HRHF, defined as retrolaminar optic 
nerve invasion, massive choroidal invasion, scleral in- 
vasion, anterior-segment involvement, and/or combined 

nonmassive choroidal and prelaminar/laminar optic nerve 
invasion, were included. Main outcome measures in- 
cluded orbital tumor recurrence, systemic metastasis, sur- 
vival and number, and outcome of cases converted to stan- 
dardized HRHF. 
• RESULTS: A total of 600 children presenting to 14 cen- 
ters in 9 countries were included. Of these, 505 (84.2%) 
were considered locally as HRHF and received adjuvant 
chemotherapy. After a median follow-up period of 39.2 

± 1.6 months (range: 0.8-60.0 months), 36 (6.0%) had 

orbital tumor recurrence, 49 (8.2%) metastasis, and 72 

(12.0%) children died. Children not receiving adjuvant 
chemotherapy were at significantly increased risk of or- 
bital tumor recurrence, metastasis, and death ( P ≤ .002). 
Of the study children, 63/600 (10.5%) were considered 

locally non-HRHF, but converted to standardized HRHF 

and included in the analysis. Of these, 6/63 (9.5%) had 

orbital tumor recurrence, 5/63 (7.9%) metastasis, and 

6/63 (9.5%) children died. Isolated minor choroidal in- 
vasion with prelaminar/laminar optic nerve invasion was 
reported in 114 (19.0%) children, but considered lo- 
cally as HRHF only in 68/114 (59.6%). Of these, 6/114 

(5.3%) children developed metastasis and subsequently 

died, yielding a number needed to treat of 15. 
• CONCLUSION: Based on this multinational cohort of 
children with Rb, we recommend the use of adjuvant 
chemotherapy following upfront enucleation and diagno- 
sis of HRHF. Variation exists worldwide among centers 
when defining HRHF, resulting in adverse patient out- 
comes, warranting standardization. (Am J Ophthalmol 
2024;268: 399–408. © 2024 Elsevier Inc. All rights are 
reserved, including those for text and data mining, AI 
training, and similar technologies.) 
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INTRODUCTION 

 

etinoblastoma (Rb), a potentially deadly eye
malignancy, affects approximately 8000 new chil-
dren a year, representing the most common ocular

cancer of childhood. 1 Despite growing efforts in improving
globe salvage rates worldwide, enucleation continues to be
an important treatment modality in select cases. 2 Following
enucleation, identification of high-risk histopathological
features (HRHF) both prognosticates metastatic risk as well
as survival outcomes. 3-5 Furthermore, adjuvant chemother-
apy following enucleated high-risk eyes may reduce sys-
temic metastasis to less than 5%. 6-9 A recent global study
demonstrated that enucleation and systemic chemother-
apy are available in nearly all centers worldwide regard-
less of economic status. 8 Definitions of HRHF, however,
and guidelines regarding the use of adjuvant chemotherapy
postenucleation in this scenario, are lacking. 

Multiple studies have uncovered the discrepancies in
defining high-risk features among treatment centers. 10 , 11 A
recent international survey demonstrated that postlaminar
optic nerve invasion and extrascleral invasion were deemed
high-risk for metastatic spread in all centers, while signifi-
cant heterogeneity existed when considering other features,
such as minor choroidal invasion with prelaminar/laminar
optic nerve involvement, as well as anterior chamber in-
vasion. 10 , 11 This lack of standardization not only leads to
variability in center interpretation of HRHF when electing
to provide adjuvant chemotherapy, but may significantly in-
fluence patient outcomes as well as comparability between
centers. 

The goals of this study were to compare in a multina-
tional setting the outcomes between children with HRHF
who received postenucleation adjuvant chemotherapy to
those who did not, as well as to investigate cases locally con-
sidered non-HRHF but converted to a standardized HRHF
definition. 

METHODS 

A retrospective chart review of 1426 children with Rb who
underwent primary enucleation in 21 Rb treatment centers
from 12 countries in 5 continents from 2011-2020. Patient
demographics, family history of Rb, and clinical character-
istics at presentation were recorded. Each treatment center
reported whether children were deemed high-risk for devel-
oping metastatic spread according to local guidelines and
reasoning for providing systemic adjuvant chemotherapy.
Detailed histopathological data was acquired. In addition,
follow-up data and outcomes were retrieved. 

Inclusion criteria for analysis were children with
unilateral-presenting Rb that underwent primary enucle-
ation and demonstrated HRHF on pathological examina-
400 AMERICAN JOURNAL OF OPHT
ion, which was standardized (“standardized HRHF”) across
ll centers to include: retrolaminar optic nerve invasion,
assive choroidal invasion ( ≥ 3 mm), scleral/extrascleral

nvasion, anterior chamber cells, iris infiltration, ciliary
ody invasion, trabecular meshwork or Schlemm’s canal in-
asion, and/or combined nonmassive choroidal ( < 3 mm)
nd prelaminar/laminar optic nerve invasion. 11 Children
hat were not deemed high-risk by their respective cen-
ers, but revealed to have one of the mentioned standard-
zed HRHF were included for analysis. Exclusion criteria in-
luded clinical or radiological evidence of extraocular dis-
ase at presentation. 

Clinical tumor staging (cTNMH) was based on the
th American Joint Committee on Cancer (AJCC)
etinoblastoma classifications. 12 , 13 Main outcome measures
ncluded orbital tumor recurrence, metastasis, death and
ombined outcomes (defined as at least one of the three
bovementioned outcomes). The United Nations World
opulation prospects 2017 revision was used to classify
ountries as low-income (LIC), lower middle-income
LMIC), upper middle-income (UMIC), or high-income
ountries (HIC). 14 The study was performed according to
he tenets of the Declaration of Helsinki, and adhered to
he guidelines described by the Strengthening the Report-
ng of Observational studies in Epidemiology (STROBE)
tatement. 15 

STATISTICAL ANALYSIS: The statistical analyses were
erformed using SPSS software (version 28). Categorical
ata were summarized as numbers and proportions and con-
inuous data as mean ± standard deviation (range). The
ength of follow-up was evaluated using the reverse censor-
ng method. Kaplan–Meier (K–M) curve was used to in-
estigate orbital tumor recurrence, metastasis, death, and
ombined outcomes during 5-year follow-up. Log-rank test
nd K–M curves were used to study the association be-
ween categorical variables and the studied outcomes, and
ox regression was applied to study the association between

ge and the studied outcomes. Multivariable Cox regression
nalysis was utilized to investigate factors significantly asso-
iated with outcomes. The forward stepwise method was ap-
lied using P -value < .05 at Wald test as criteria for variable
nclusion. Combined nonmassive choroidal and prelami-
ar/laminar optic nerve invasion has been heavily debated
s a HRHF worldwide; hence, the number needed to treat
NNT) was calculated using the inverse of the difference
n survival probabilities between adjuvant treated and non-
reated groups. 11 , 16 A P -value of < .05 was considered sta-
istically significant, with all statistical tests conducted as
wo-sided. 

RESULTS 

he study cohort included 600 children from 14 cen-
ers and 9 countries (5 continents; 57 (9.5%) children
HALMOLOGY MONTH 2024
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from North America, 113 (18.8%) from South America,
68 (11.3%) from Europe, 358 (59.7%) from Asia and 4
(0.7%) from Oceania; Figure 1 ). Of the study children, 349
(58.2%) were from LMIC, 179 (29.8%) from UMIC, and
72 (12.0%) from HIC. The mean age of diagnosis was 34.8
± 23.3 months (range: 0-166 months), 330 (55.0%) chil-
dren were male, and 11 (1.8%) had positive family history
of Rb. AJCC clinical classification (i.e., cT) identified 214
(35.7%) and 333 (55.5%) children as cT2 and cT3, respec-
tively. For the remaining 53/600 (8.8%) children, classifi-
cation was not provided, but no child had evidence of ex-
traocular Rb at presentation. 

The most common HRHF following upfront enucle-
ation included minor choroidal invasion with prelami-
nar/laminar optic nerve invasion (284/600; 47.3% eyes),
followed by massive choroidal invasion (265/600, 44.1%
eyes) and postlaminar optic nerve invasion (244/600,
40.7% eyes; Table 1 ). Of the study cohort, 327/600 (54.5%)
children had more than one HRHF: 273/600 (45.5%) had
1 feature, 199/600 (33.1%) had 2 features, 59/600 (9.8%)
had 3 features, 27/600 (4.5%) had 4 features, 10/600 (1.7%)
had 5 features, 10/600 (1.7%) had 6 features, 12/600 (2.0%)
had 7 features, and 10/600 (1.7%) children had 8 features. 

Adjuvant chemotherapy was administered to 505/600
(84.2%) children postenucleation, and the remaining
95/600 (15.8%) children were treated by means of primary
enucleation solely ( Figure 1 ). Of the children that received
adjuvant chemotherapy, 432/505 (85.5%) received vin-
cristine, etoposide and carboplatin (VEC), 20/505 (4.0%)
etoposide and carboplatin, 32/505 (6.3%) carboplatin,
etoposide and cyclophosphamide, 16/505 (3.2%) high-risk
protocol (VEC plus bortezomib, cyclophosphamide and
dexamethasone), and 5/505 (1.0%) unknown protocols.
Of the patients treated by means of adjuvant chemother-
apy, 42/505 (8.3%) received also external beam radiother-
apy. The median follow-up period was 39.2 months ± 1.6
(range: 0.8-60.0 months), in which time 2/600 (0.3%) chil-
dren developed disease in the contralateral eye (i.e., bilat-
eral Rb). 

• ORBITAL TUMOR RECURRENCE ANALYSIS: During the
study follow-up, 36/600 (6.0%) children had orbital tu-
mor recurrence. K–M analysis demonstrated 1-, 3-, and
5-year orbital recurrence-free risk of 96.8%, 93.9%, and
91.2%, respectively, for the entire cohort. None of the de-
mographic or clinical variables at presentation were found
to significantly influence orbital tumor recurrence ( P ≥
0.06; Table 1 ). At 5-year follow up, 483/505 (95.6%)
children treated with adjuvant chemotherapy were orbital
recurrence-free compared to 81/95 (85.3%) treated by enu-
cleation only ( P < .001; Figure 2 A ). On multivariate analy-
sis, iris infiltration (hazard ratio [HR] 3.86, 95% confidence
interval [CI] 1.41-10.55) and postlaminar optic nerve inva-
sion (HR 3.04, 95% CI 1.16-7.93) were found to be signif-
icant risk factors for orbital tumor recurrence ( P ≤ .023),
while adjuvant chemotherapy was found to be a significant
VOL. 268 OUTCOMES AND DEFINITION
rotective factor (HR 0.11, 95% CI 0.04-0.27, P < .001;
able 2 ). 

METASTASIS ANALYSIS: In the overall cohort, 49/600
8.2%) children developed metastasis. 5-year K–M analy-
is demonstrated metastasis-free survival rates at 1-, 3-, and
-year of 93.8%, 91.2%, and 89.5%, respectively. None of
he demographic or clinical variables at presentation were
ound to be significantly associated with metastasis ( P ≥
13; Table 1 ). At 5 years, 473/505 (93.7%) children who
eceived adjuvant treatment were metastasis-free compared
o 78/95 (82.1%) who were managed by enucleation only ( P
 .001, Figure 2 B ). Of those that developed systemic metas-

asis, 46/49 (93.8%) died at 5-years follow-up. On mul-
ivariate analysis, anterior chamber seeds (HR 2.42, 95%
I 1.11-5.27), massive choroidal invasion (HR 4.18, 95%
I 1.74-10.09) and postlaminar optic nerve invasion (HR
.31, 95% CI 1.42-7.74) were found to be significant risk
actors to develop metastasis ( P ≤ .026), while adjuvant
hemotherapy was found to be a significant protective fac-
or (HR 0.18, 95% CI 0.07-0.32, P < .001; Table 2 ). 

MORTALITY ANALYSIS: Of the entire cohort, 72/600
hildren (12.0%) died. K–M analysis revealed survival rates
f 93.7%, 88.0%, and 83.8% at 1-, 3-, and 5-years, respec-
ively ( Figure 3 ). The survival rates dropped from 98.3% to
1.1%, from 93.0% to 85.0% and from 96.9% to 91.1% at 1-
nd 5-years, for LMIC, UMIC, and HIC, respectively, but
ifferences were not significant ( P ≥ .06; Table 1 ). At 5-year
ollow-up, survival for adjuvant chemotherapy treated chil-
ren was 453/505 (89.7%) compared to 75/95 (78.9%) for
hildren treated by enucleation only ( P = .01; Figure 2 C ).
n multivariate analysis, massive choroidal invasion (HR

.96, 95% CI 2.03-7.69) and postlaminar optic nerve in-
asion (HR 2.96, 95% CI 1.55-5.62) were found to be sig-
ificant risk factors for death ( P < .001), while adjuvant
hemotherapy was found to be a significant protective fac-
or (HR 0.29, 95% CI 0.15-0.56, P < .001; Table 2 ). 

COMBINED OUTCOMES ANALYSIS: Of the entire cohort,
2/600 (12.0%) children developed at least one adverse
utcome, including orbital tumor recurrence, metastasis,
nd/or death. K–M analysis demonstrated 1-, 3-, and 5-
ear event-free survival of combined outcomes of 91.0%,
6.0%, and 82.3%, respectively. On univariate analysis in-
luding demographic and clinical variables at presentation,
hildren from UMIC ( n = 31; 17.3%) compared to those
rom HIC ( n = 4; 5.5%) were at significantly increased risk
o die ( Table 1 ; P = .02). At 5-year follow-up, 447/505
88.5%) of children demonstrated event-free survival com-
ared to 71/95 (74.7%) of children treated by enucleation
nly ( P = .001, Figure 2 D ). On multivariate analysis, an-
erior chamber seeds (HR 1.93, 95% CI 1.06-3.52), mas-
ive choroidal invasion (HR 3.13, 95% CI 1.72-5.07), and
ostlaminar optic nerve invasion (HR 2.80, 95% 1.54-5.07)
VARIANCES IN HIGH-RISK RB 401



FIGURE 1. Flow chart of cohort selection. Note: Rb = retinoblastoma; HRHF = high-risk histopathological features; Standardized 
HRHF defined as: massive choroidal invasion ( ≥3 mm), combined nonmassive choroidal ( < 3 mm) and prelaminar/laminar optic 
nerve invasion, anterior chamber cells, iris infiltration, ciliary body invasion, trabecular meshwork or Schlemm’s canal invasion, 
retrolaminar optic nerve invasion, and/or scleral/extra-scleral invasion 
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TABLE 1. Univariate Analysis of Demographic, Clinical and Histopathological Variables for 600 Children With Unilateral 
Retinoblastoma That Underwent Upfront Enucleation and Had Standardized High-Risk Histopathology Features 

Demographic and Clinical 

Characteristics 

Orbital Tumor Recurrence in 5 

Years 

Metastasis in 5 Years Mortality in 5 Years Combined Outcomes in 5 Years 

N (%); P Value N (%); P Value N (%); P Value N (%); P Value 

Lower-middle income vs. 

upper-middle income 

15 (4.4) vs. 18 (10.0); .06 23 (6.7) vs. 22 (12.2); .13 42 (12.0) vs. 26 (14.5); 

.98 

47 (13.6) vs. 31 (17.3); .76 

Upper-middle income vs. 

high-income 

18 (10.0) vs. 3 (11.1); .13 22 (12.2) vs. 4 (5.5); .15 26 (14.5) vs. 4 (5.5); .06 31 (17.3) vs. 4 (5.5); .02 

Female vs. male 18 (6.8) vs. 18 (5.5); .43 21 (7.9) vs. 28 (8.5); .84 32 (11.8) vs. 40 (12.1); .90 37 (13.7) vs. 45 (13.8); 

.90 

Heredity vs. sporadic 0 (0) vs. 36 (6.2); .39 0 (0) vs. 49 (8.4); .33 0 (0) vs. 72 (12.2); .24 0 (0) vs. 82 (14.0); .20 

AJCC cT (cTNMH) cT2 vs. cT3 17 (8.0) vs. 17 (5.1); .38 18 (8.4) vs. 24 (7.2); .88 26 (12.1) vs. 33 (10.0); 

.82 

31 (14.6) vs. 38 (11.4); .56 

Adjuvant chemotherapy vs. no 

adjuvant chemotherapy 

22 (4.4) vs. 14 (15); 

< .001 

32 (6.4) vs. 17 (18.6); 

< .001 

52 (10.2) vs. 20 (21.0); 

.01 

58 (11.5) vs. 24 (25.2); 

.001 

High-risk histopathological 

feature (overall cohort, n = 600) 

Orbital Tumor 

Recurrence 

Metastasis Death Combined 

( N [%]) With vs. Without Feature 

( N [%]; P Value) 

With vs. Without Feature 

( N [%]; P Value) 

With vs. Without Feature 

( N [%]; P Value) 

With vs. Without Feature 

( N [%]; P Value) 

Anterior chamber seeds (133 

[22.1]) 

17 (13.1) vs. 19 (4.1); 

< .001 

24 (18.4) vs. 25 (5.4); 

< .001 

28 (21.0) vs. 44 (9.4); 

< .001 

32 (24.4) vs. 50 (10.7); 

< .001 

Iris infiltration (69 [11.5]) 11 (16.6) vs. 25 (4.7); 

< .001 

15 (22.7) vs. 34 (6.4); 

< .001 

19 (27.0) vs. 53 (9.9); 

< .001 

21 (30.8) vs. 61 (11.5); 

< .001 

Trabecular mesh infiltration (47 

[7.8]) 

5 (11.1) vs. 31 (5.6); .147 9 (20.0) vs. 40 (7.4); 

< .003 

11 (23.0) vs. 61 (11.0); 

.015 

12 (26.0) vs. 70 (12.7); 

.008 

Schlemm’s canal infiltration (28 

[4.6]) 

4 (14.8) vs. 32 (5.6); .053 9 (33.3) vs. 40 (7.1); 

< .001 

9 (32.0) vs. 63 (12.4); 

.002 

10 (37.0) vs. 72 (12.6); 

< .001 

Ciliary body infiltration (78 [13]) 9 (11.8) vs. 27 (5.2); < .05 14 (18.4) vs. 35 (6.8); 

< .001 

15 (19.2) vs. 57 (11.0); 

.033 

18 (23.3) vs. 64 (12.3); 

.008 

Massive choroidal infiltration 

(264 [44.1]) 

20 (7.6) vs. 16 (4.8); .059 37 (14.3) vs. 12 (3.6); 

< .001 

55 (20.0) vs. 17 (5.0); 

< .001 

59 (22.3) vs. 23 (6.8); 

< .001 

Postlaminar invasion (244 

[40.7]) 

13 (5.3) vs. 9 (2.9); .098 19 (7.9) vs. 10 (3.3); .01 28 (11.0) vs. 16 (5.2); .004 32 (13.2) vs. 20 6.5); .004 

Combined minor choroidal with 

prelaminar/laminar invasion 

(284 [47.3]) 

14 (4.9) vs. 22 (7.0); .144 14 (4.9) vs. 35 (11.4); .002 19 (6.6) vs. 53 (16.7); 

< .001 

24 (8.4) vs. 58 (18.5); 

< .001 

Scleral infiltration (50 [8.3]) 9 (18.3) vs. 24 (4.6); 

< .001 

8 (16.3) vs. 35 (6.8); .015 15 (30.0) vs. 48 (9.2); 

< .001 

16 (32.0) vs. 56 (10.8); 

< .001 

Extra scleral infiltration (27 [4.5]) 3 (12) vs. 33 (5.8); .067 6 (24.0) vs. 43 (7.6); 

< .001 

9 (33.3) vs. 63 (11.0); 

< .001 

10 (37.0) vs. 72 (12.6); 

< .001 
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were found to be significant risk factors for combined out-
comes ( P ≤ .032 for all), while adjuvant chemotherapy was
found to be a significant protective factor (HR 0.25, 95%
CI 0.13-0.45, P < .001; Table 2 ). 

• DISCREPANCY IN HRHF DEFINITIONS: Of the study co-
hort, 63/600 (10.5%) children from 13/14 (92.3%) of the
reporting centers initially classified by their respective insti-
tutions as nonhigh-risk were converted to the standardized
HRHF group ( Figure 1 ). Consequently, these children did
not receive adjuvant chemotherapy, with 6/63 (9.5%) chil-
VOL. 268 OUTCOMES AND DEFINITION
ren experiencing orbital tumor recurrence, 5/63 (7.9%)
hildren demonstrating systemic metastasis, all of which
ied, and 6/63 (9.5%) children dying during the 5-year
ollow-up period. 

Of the entire cohort, 114/600 (19.0%) children exhib-
ted minor choroidal invasion with prelaminar/laminar op-
ic nerve invasion as an isolated feature. Of these, 68/114
59.6%) were considered HRHF by local center defini-
ions and received adjuvant chemotherapy, while 46/114
40.4%) did not. At 5-years follow up, 7/114 (6.1%) of
hese children experienced orbital tumor recurrence (4/68,
VARIANCES IN HIGH-RISK RB 403



FIGURE 2. Five-year Kaplan–Meier analysis of 600 children with unilateral retinoblastoma that underwent upfront enucleation 

and had standardized high-risk histopathology features: impact of adjuvant chemotherapy (Tx) on (A) Orbital tumor recurrence, 
(B) Systemic metastasis, (C) Survival, and (D) Combined outcomes. 

TABLE 2. A Cohort of 600 Unilateral Upfront Enucleated Retinoblastoma Children Harboring Standardized High-Risk 
Histopathology Features: Multivariate (Stepwise Linear Regression) Analysis for Orbital Tumor Recurrence, Metastasis, Death and 

Combined Outcomes 

Variable Hazard Ratio (HR) 95% Confidence Interval for HR Significance 

Orbital tumor recurrence 

Iris infiltration 3.86 1.41-10.55 P = .008 

Postlaminar optic nerve invasion 3.04 1.16-7.93 P = .023 

Adjuvant chemotherapy 0.11 0.044-0.27 P < .001 

Metastasis 

Anterior chamber seeds 2.42 1.11-5.27 P = .026 

Massive choroidal invasion ( ≥3 mm) 4.18 1.74-10.09 P = .001 

Postlaminar optic nerve invasion 3.31 1.42-7.74 P = .006 

Adjuvant chemotherapy 0.18 0.07-0.32 P < .001 

Death 

Massive choroidal invasion ( ≥ 3 mm) 3.96 2.03-7.69 P < .001 

Postlaminar optic nerve invasion 2.96 1.55-5.62 P < .001 

Adjuvant chemotherapy 0.29 0.15-0.56 P < .001 

Combined outcomes a 

Anterior chamber seeds 1.93 1.06-3.52 P = .032 

Massive choroidal invasion ( ≥ 3 mm) 3.13 1.72-5.71 P < .001 

Postlaminar optic nerve invasion 2.80 1.54-5.07 P < .001 

Adjuvant Chemotherapy 0.25 0.13-0.45 P < .001 

a Combined outcomes = orbital tumor recurrence, metastasis and/or death. 
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FIGURE 3. Five-year Kaplan–Meier survival analysis for 600 children with unilateral retinoblastoma that underwent upfront 
enucleation and had standardized high-risk histopathology features. 
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5.6% adjuvant vs. 3/46, 6.5% no adjuvant), 6/114 (5.3%)
children developed metastasis and subsequently died (2/68,
2.9% adjuvant vs. 4/46, 8.7% no adjuvant) and 7/114
(6.1%) children demonstrated combined outcomes (3/68,
4.4% adjuvant vs. 4/46, 8.7% no adjuvant). Interestingly,
on univariate analysis, this HRHF was found to be a signifi-
cant protective factor from metastasis, death and combined
outcomes ( P ≤ .002; Table 1 ); however, this feature did not
impact outcomes on multivariate analysis ( Table 2 ). Focus-
ing exclusively on this HRHF, the 5-year K–M survival for
adjuvant-treated children with these characteristics as an
isolated feature was 96.6% compared to 90.0% not treated
with adjuvant chemotherapy ( P = .25). For this isolated
feature, the NNT to avoid metastasis and death at 5 years
using adjuvant chemotherapy was 15. 

DISCUSSION 

The expanding globalization of Rb has provided clinicians
worldwide a diverse and holistic perspective on the man-
agement of this rare pediatric cancer. Collaborative inter-
national, multicenter study groups have exposed the dis-
parities in Rb presentation, treatment and outcomes across
varying socioeconomic environments. 2 , 8 , 17 The Global
Retinoblastoma Study Group demonstrated that primary
enucleation and intravenous chemotherapy are available in
nearly all centers worldwide regardless of economic group-
ing or geographic location. Enucleation may be beneficial
in refractory disease or eyes that have failed salvage therapy,
and can cure particular cases of intraocular Rb as a first line
therapy. 7 , 8 , 18 , 19 Adjuvant chemotherapy is warranted when
VOL. 268 OUTCOMES AND DEFINITION
ystemic metastasis is apparent or, in most centers, when
istopathological analysis identifies a high risk of metastatic
pread. 20 In this study, we aimed to contribute to the grow-
ng evidence evaluating adjuvant chemotherapy in high-
isk Rb using a diverse, multinational cohort of children
ho underwent upfront enucleation for unilateral Rb, and

o highlight the disparities in center-defined HRHF across
his multinational cohort. 

Our findings clearly show that children who received
djuvant chemotherapy following enucleation and were
iagnosed with HRHF demonstrated significantly less or-
ital tumor recurrence, systemic metastasis, mortality rate
nd combined outcomes. At 5-years follow-up, approxi-
ately 6.3% of adjuvant treated children demonstrated
etastatic disease compared to 17.9% of children treated

onservatively across all economic groups. The elevated
etastatic risk of eyes demonstrating high-risk features has

een described previously. 4 , 21 , 22 A retrospective analysis of
0 children with HRHF at a major tertiary center following
rimary enucleation demonstrated that 24% of children
ot treated with adjuvant chemotherapy developed sys-
emic metastasis. 4 Once Rb has metastasized to distant
ites, especially intracranially, the prognosis is dismal. 5 , 23

urthermore, the Children’s Oncology Group (COG)
rospectively evaluated the role of adjuvant chemotherapy
n preventing disease recurrence in primary enucleated
b children demonstrating HRHF at various institutions
ithin the COG, as well as India. Two-year event-free

urvival (EFS; defined as disease advancement, mortal-
ty, metastasis, or last follow-up) for adjuvant treated
RHF children in this cohort was 96%. 24 Our study,

valuating a more socioeconomically diverse cohort of
hildren, demonstrated a similarly defined EFS of 88.5%
VARIANCES IN HIGH-RISK RB 405
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in adjuvant treated children compared to 74.7% of chil-
dren managed conservatively without adjuvant treatment
postenucleation. 25 

While the use of systemic chemotherapy in overt
metastatic disease is clearly justified, these agents may
result in inadvertent systemic toxicity such as hearing loss,
myelosuppression and infection, resulting in increased
morbidity and mortality. 22 , 25 , 26 In a low-resource setting,
supportive therapies to manage these toxicities may not
be available. 26 Furthermore, the economic burden of Rb
management, especially in lower-income countries, is exac-
erbated by multiple cycles of systemic chemotherapy, with
the median cost of Rb treatment averaging roughly $2000
dollars per patient in two Sub-Saharan African centers. 27 

Overall, the risks of unintentional morbidity associated
with these agents, patient compliance, as well as economic
burden, must be weighed against the risk of metastatic
spread. 28 

No consistent definition of high-risk Rb exists, with char-
acteristic features varying across centers globally. 11 Follow-
ing standardization, 63/600 children in our cohort origi-
nally deemed nonhigh risk and not treated with adjuvant
chemotherapy were converted to the standardized HRHF
group, with approximately 8% of these children developing
systemic metastasis and 10% dying. This corresponds to ap-
proximately 30% of all nonadjuvant treated children that
developed metastatic spread and/or died. This unveils the
implications insufficient standardization of HRHF proto-
cols has on Rb management, ultimately leading to substan-
tial repercussions on patient outcomes. Overall, on multi-
variate analysis, massive choroidal invasion and postlam-
inar optic nerve invasion demonstrated the highest risks
for adverse outcomes, with a 4.2- and 4.0-fold and 3.3-,
and 3.0-increased risk for developing systemic metastasis
and dying, respectively, while adjuvant chemotherapy was
demonstrated to be a protective factor against all adverse
outcomes. 

A recent global survey from 24 oncology practices across
16 countries worldwide evaluated the variability in defin-
ing pathological characteristics deemed high risk for sys-
temic metastasis. 11 While microscopic tumor infiltration
beyond the sclera as well as isolated postlaminar optic
nerve invasion were unanimously agreed upon, other fea-
tures demonstrated considerable heterogeneity. For exam-
ple, combined prelaminar/laminar optic nerve infiltration
and minor choroidal invasion was deemed a high-risk fea-
ture by 41% of centers in the global survey, and has been
included as a HRHF in other studies. 5 , 29 This study demon-
strated that this combined feature was considered high risk
by roughly 60% of centers. Moreover, of the 114 children
harboring this feature alone in our cohort, 6/114 children
(5.2%) developed metastasis and died, four of whom did
not receive adjuvant chemotherapy. In contrast, the COG
study found no correlation between adverse outcomes and
this pathological characteristic. 24 When included in this
cohort, combined prelaminar/laminar optic nerve invasion
406 AMERICAN JOURNAL OF OPHT
nd minor choroidal invasion was not found to be a signif-
cant factor impacting any of the outcomes on multivari-
te analysis. However, the NNT for metastasis and mortal-
ty at 5-years follow up for this feature as an isolated find-
ng following upfront enucleation was 15 children. The au-
hors acknowledge the universal disagreement of defining
his combined feature as HRHF; however, this study aims to
resent a real-life scenario of outcomes following standard-
zation of HRHF, and presents a dispute on the use of adju-
ant chemotherapy following identification of this patho-
ogical feature. 

The main study limitation is its retrospective nature. Lo-
al guidelines for HRHF definitions were not included in
he study, and therefore, the cause of definition discrepan-
ies remains unclear. Furthermore, as shown, chemother-
py agents were not uniform among all centers, which may
ave affected outcomes. However, a majority of children re-
eived the standardized VEC chemotherapy regimen. Two
hildren in the cohort developed disease in the contralat-
ral eye on last follow-up; however, neither child developed
ne of the aforementioned adverse outcomes. Even though
he African continent, and LIC in particular, were not in-
luded in this cohort, the study excels in its large sample size
s well as geographically and economically diverse cohort of
nucleated Rb children. Furthermore, only upfront enucle-
ted eyes were included, preventing pathological distortion
rom neoadjuvant chemotherapy. 

In summary, in this multinational cohort of unilateral
pfront enucleated Rb children demonstrating high-risk
istopathology features, adjuvant systemic chemotherapy
as beneficial, resulting in significantly reduced orbital tu-
or recurrence, metastatic spread, as well as improved sur-

ival rates. Furthermore, the implications of not standard-
zing HRHF and defining protocols for adjuvant therapy re-
ult in adverse patient outcomes. As efforts to address Rb
n a global scale become evident, corresponding efforts to
educe disparities in Rb outcomes through defined manage-
ent strategies are warranted, especially among lower in-

ome countries. 
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